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1. Purpose of MRPM

1.1. The goal of MRPM is to manage multiple MN radios in a way that increases MN operating time. This goal is complementary to, but distinct from, other handoff criteria 

1.2. MRPM is a link adaptation mechanism. MRPM provides a power management abstraction that allows tailoring each wireless technology’s operating modes to match network availability and the communication requirements of the user.

1.3. MRPM is an information source. When the radio is in the active state, MRPM provides link energy efficiency input to policy guided handoffs. The MRPM inputs may be augmented by location services to facilitate radio scheduling by the MIH Network Selection Entity (NSE), the architectural component responsible for handoff policy enforcement.

1.3.1. When equivalent services are available from multiple networks, choose the most energy efficient network connection.

2. MRPM Use Case #1: Establishing Low Power Network Discovery States 

2.1. If there are no radio networks available for an MN then current local strategy applies: If connectivity is desired by an MN with no other knowledge of network availability then all radio interfaces must be on in order to discover the first usable network.

2.1.1. Some radios may provide low power scanning modes that apply to this situation. This capability will be evident from the list of MRPM power states associated with each radio.

Power State
Low Power Discovery

Description
The lowest power state of a radio where it may detect the presence of usable networks.  

Necessary Attributes
Power consumption

Entry Conditions
Power reduction in response to potential, but as yet undetected, candidate networks. Generate LINK_DETECTED event on candidate network discovery but only transitions to Active or Off state on command from NSE.

Next States
Active, Off

3. MRPM Use Case #2: Joining a network from a Low Power Discovery state

3.1. On receipt of the LINK_DETECTED event the NSE will determine if the candidate network is available to the MN and, if so, wake up the radio and initiate a connection to the network. On successful connection, to the radio will send a LINK_UP event to the NSE.

Power State
Active

Description
The highest power state of a radio. The radio may freely interact with the connected network. 

Necessary Attributes
Active receive power consumption

Entry Conditions
Transition from any lower power state in order to optimize the radio communication capacity.

Next States
Any lower power state

4. MRPM Use Case #3: Turning off radios for non-proximate networks

4.1. Once connected to the network, the MN may query the MIH IS for a list of proximate networks. The NSE may choose to leave any radios for which there are candidate networks in the Low Power Discovery state. Any radios for which no proximate networks exist can be safely turned off.

Power State
Off

Description
The radio module is denergized. 

Necessary Attributes
None

Entry Conditions
Transition from any higher power state.

Next States
Active, Low Power Discovery.

5. MRPM Use Case #4: Energy Efficiency inputs to Network Selection Policy

5.1. The NSE may receive subsequent LINK_DETECTED events while connected to another overlapped network. The NSE may evaluate the candidate network according to is policy inputs that include such things as connection cost and QoS. MRPM allows the NSE to consider the energy costs of network connection born by the MN.

5.2. The intent of MRPM is to extend MN battery life so we are primarily interested in the power consumed by the radio network module. Output power control is an aspect of individual wireless technologies and beyond the scope of MRPM.

5.3. The table below shows specifications for 3 different Ubiquity 3.3V PCI bus adapters at 900MHz, 2.4GHz and 5GHz with Atheros 802.11 chipsets. The table illustrates one set of relationships between power consumption and output power as well as the energy cost of a data bit transferred at disparate data rates. Datasheets as of June 9, 2008

· XR9 http://ubnt.com/downloads/xr9_datasheet.pdf
· XR2 http://ubnt.com/downloads/xr2_datasheet.pdf
· XR5 http://ubnt.com/downloads/xr5_datasheet.pdf[image: image1.emf]XR91.1

3630

630117

3630

XR90.8

2640

2515410

49

XR21.3

4290

630115

4290

XR20.9

2970

251548

55

XR51.8

5940

630111

5940

XR51.1

3630

200546

67

Ubiquity

Card

Current

(A)

Card 

Power

(mW)

Output

Power

(mW)

Bit Rate

(Mbps)

Power

Efficiency

(%)

Bit

Cost

(nJ/b)


5.3.1. Output converted from specified dBm output using standard rules:
+3dBm = 2*mW, 100mW=20dB as at http://ubnt.com/support/mwtodbm.php
5.3.2. Using SI equivalence that 1J/s = 1W, bit cost unit analysis is 
bit cost = power * bit time 
= mW * J/Ws * us/b = W*10-3 * J/Ws * s/b*10-6 = J/b*10-9 = nJ/b

5.4.  The proposed metrics for network and link power consumption are shown below.


5.5. If the duration of the observation window used to calculate the Throughput value were known, then the Active radio state power attribute could be used as follows: 

· Rx_power * time = baseline.

· Energy Consumption – baseline = TX energy consumption

· Throughput * Data Load = TX energy consumption

5.6. Will these numbers reconcile? What if they don’t?

· Collisions and noise cause increased Energy Consumption, reduced Throughput

· What Data Load to use in power controlled systems?

· What Data Rate to use in rate controlled systems?

· What is the length of the observation window?

· What is the affect of automatic power saving modes (u-APSD, et. al.)?

5.7. How do we get a fairer picture of relative network energy costs?

6. MRPM Use Case #5: Optimal Power State Configuration of Active Interfaces

6.1. The three radio power states described above are sufficient for the purposes of network discovery, handoff and maximal communication capability. There may be other application scenarios for an MN connected to network(s) that support operating modes between Low Power Discovery and Active. A variety of additional, technology specific radio power states have been identified in

 
https://mentor.ieee.org/802.21/file/08/21-08-0008-01-mrpm-draft-technical-requirements.doc
6.1.1. What are the abstract state capabilities, in terms of network function, that can be used to generalize these additional power states?

6.1.2. What mechanisms does MRPM rely on in order to transition into and out of those power states?

7. MRPM Use Case #6: Generalized Network Power Management Coordination

7.1. MRPM could provide a standardized abstract management mechanism for coordinating local network power policy..

7.1.1. What local functions would MRPM need to implement in order to satisfy such a coordination function?

8. MRPM Use Case #7: Radio Scheduling using MN Location

8.1. Overlapping networks are not a strict requirement for MRPM utility. When querying the MIH IS for a list of proximate networks, An MN may specify an NGHB_RADIUS that far exceeds the range of any of its network radio interfaces.

8.2. In areas of sparse network coverage an NSE may tell from the location and range data returned by the MIH IS that, upon losing connection with the current network it will not be able to reconnect to another network for some significant time. In this case, the NSE will turn off the radio on receipt of a LINK_DOWN event.

8.3. In order for an NSE to determine when to reenergize a radio, it must track its current location (independently of any MIH network) and compare it to the location and coverage areas of the networks advertised by the MIH IS.  While IE_POA_LOCATION returns the location of candidate PoAs, additional metrics are needed to describe the coverage area of for some candidate network N with a PoA at location C

8.3.1. Let R1 be the outer edge of the network coverage area and the farthest distance from C where communication can take place within N. A circular coverage model provides an upper bound on any actual non-uniform coverage area and d <= R1 is necessary but not sufficient for communication within N. At distances beyond R1, a network scan is very unlikely to result in an MN connecting to N.

8.3.2. Let R2 be the outer edge of a complete coverage area where sustained communication within N is possible. The advertised network capabilities hold for any d <= R2

8.3.3. Now we can define the data type to augment the PoA location data as

TX_RANGE
SEQUENCE( 

UNSIGNED_INT(4), 

UNSIGNED_INT(4) )
A type that contains two numbers. The first unsigned integer is the distance, R2, from a PoA where complete network coverage is available. The second unsigned integer is the maximum distance R1 to which network coverage may extend. Both values are in meters

8.4. When the NSE discerns that it is approaching the outer edge of the candidate network coverage area, it can place the appropriate radio into the Low Power Discovery state and then, upon receipt of a LINK_DETECTED event, proceed to join the network as in MPRM Use Case #2.

9. MRPM Use Case #8: Network Proxy Services using MN Location 
(I think this idea of Farrokh’s addresses both use cases in the TR)

9.1. An MRPM Network Radio Proxy (NRP) is a new architectural entity that exists on a PoA of a candidate network. An NRP must be accessible to an MN over the MIH protocol via a current network PoA. The NRP makes it appear that a powered down radio on the MN has actually joined the candidate network. Thus NRP thus maximizes the candidate network availability while minimizing MN battery drain.

9.2. During an active NRP session, the NRP must emulate the MN radio presence on the candidate network. An NRP session will remain active so long as the radio is turned off and the MN is within communication range of the candidate network. Should the radio for the candidate network be turned on while an NRP session is active, the NRP must respond to the anticipated radio registration process so that the actual radio replaces the proxy presence on the network, concluding the NRP session. Once the MN radio joins the candidate network, the NSE may decide to handoff to this second network or continue dual radio operation. 

9.3. An extended NRP scenario is described below.

9.3.1. The NSE on the MN uses the MIH IS over the currently active interface to find the list of available networks, their locations and their coverage areas. The NSE can then combine the IS information with knowledge of its own location to determine when an MN is in range of some network proxy service for a radio that is turned off 

9.3.1.1. The network proxy service will need to be added to the list of MIH capabilities.. 

9.3.2. When an NSE discovers the in-range network that supports proxy services, it may decide to handoff to the new candidate network at that point. In that case the NSE would instruct the MN MRPM to turn on the radio and initiate the normal registration and handoff process. 

9.3.3. If NSE does not handoff to the candidate network, it may decide to initiate an NRP session on the candidate network instead. Such a session is initiated by sending a PROXY_JOIN request to the NRP for the candidate network.

9.3.3.1. The NRP of the candidate network must be reachable via a current PoA using the MIH protocol.

9.3.3.2. If the candidate network does not support NRP services then the PROXY_JOIN request will fail. The network should correctly advertise NRP support in its MIH IE_NET_CAPABILITIES 

9.3.4. An NRP communicates with the NSE using the MIH protocol to collect and forward registration data from the MN to the AAA server for the in-range network so the radio can join the network without being turned on. The NRP session is active at this point.

9.3.5. Throughout the NRP session, the NRP must coordinate with the NSE to faithfully represent the presence of the MN on the network by emulating paging responses, location updates and so on. 

9.3.5.1. An NSE may have to issue PROXY_UPDATE notifications to the NRP in order for the NRP to track the MN location.

9.3.6. Should inbound traffic for the proxied (turned off) radio appear on the network, it will be intercepted by the NRP. The NRP must then notify the NSE to wake the radio. The NSE will then transition the radio to the Active State. 

9.3.6.1. Call processing will take place at the NRP concurrent with the MRPM wakeup of the destination radio. 

9.3.6.2. The NRP may have to buffer data for the MN until the radio is active and ready to accept the data.

9.3.6.3. When the radio wakes up, it will need to register with the network and process the incoming traffic notifications. The NRP will have to intercept and respond to all such predictable traffic and convince the radio firmware that it has joined the network. The radio will then transition to the state where it has replaced the proxy presence on the network and the NRP will then immediately emulate an incoming call/data flow to the MN and replay any pending data. The NRP session subsequently ends and the radio proceeds with normal network operation.

9.3.7. The NSE may decide to hand over to a network for which an NRP session is in progress. In such cases the NSE will command the MN MRPM to wake the radio and also send a PROXY_WAKING_UP notification to the NRP. The NRP will then have to perform as in step 9.3.6.3 to assist the radio wake up except that no traffic will be pending.

9.3.8. At some point, the MN will leave the coverage area of either the current or the candidate network. In either case, the NRP session cannot be maintained.

9.3.8.1. Should the MN first leave the coverage area of the candidate network then it will send a PROXY_LEAVE notification to the network proxy. The proxy will then do whatever is required to remove the emulated node presence from the network.

9.3.8.1.1. Any inbound data arriving subsequent to the PROXY_LEAVE notification will be lost. 

9.3.8.1.2. The NSE will need to track the MN location to determine if it is within the coverage area of the candidate network.

9.3.8.2. Should the MN first leave the current network coverage area, then the NSE may respond to a LINK_GOING_DOWN event for the current network by:

9.3.8.2.1. Handoff to the candidate network with an active NRP session as in step 9.3.6.3.

9.3.8.2.2. Handoff to some other network.

9.3.8.2.2.1. If the NSE wants to maintain the NRP session using the new network then it may need to send a PROXY_MOVE notification to the NRP to update its network location.

9.3.8.2.2.2. If the NSE does not want to maintain the NRP session then it will terminate the session as in step 9.3.8.1

9.3.8.2.3. Perform no handoffs but just terminate the NRP session as in step 9.3.8.1 and leave the current network to proceed as per MRPM Use Case #1

9.3.8.3. Should the MN leave both coverage areas at once then either the NSE hands off to a 3rd network as in 9.3.6.3 or all networks become unavailable. The latter case is the same as 9.3.8.2.3

10. MRPM Use Case #9: Handoff Optimization with Route Information

10.1. This is the sci-fi network I presented in a power point a couple of weeks ago:
https://mentor.ieee.org/802.21/file/08/21-08-0168-00-mrpm-mih-signaling-in-mrpm.ppt
The point of the use case is that if the route, location and velocity of the MN are known, along with the network location and coverage data used in the previous two use cases, then we can proactively schedule the radio power states to optimize NSE policy instead of reacting to events. I need to update the drawing to be consistent with the new ranges I included here – that change is made in response to feedback on the inadequacy of circular coverage models during the last telecon.

10.2. In general, if the coverage areas of two networks overlap and if both networks can meet the current QoS guarantees then the handover will not violate QoS if the handoff notification is provided early enough. I drew the intervals of interest on the illustrations. But if:

10.2.1. S= Speed of mobile node

10.2.2. Tprep= time to prepare network to talk to MN

10.2.3. Tho = time to prepare MN to talk to the network

10.2.4. R3 = the farthest distance from the center of the overlapping candidate network where QoS guarantees can still be met by staying with the original network. If the candidate network coverage area is contained within R2 of the current network then R3=0. R2 >= R3 to guarantee service.

10.2.5. Then we can say that in overlapped networks
Rol = R3 + (Tprep+Tho)*S 
is the closet point to C where MN handoff initiation can be effective. This is also means that a LINK_GOING_DOWN trigger must be initiated by the time the MN reaches that location or QoS won’t be satisfied across the handoff. 

10.2.6. Similarly, in sparse networks, it doesn’t do any good to turn the radio on until you get to
Rsn = R1 + Tho*S

10.2.7. In order to support scheduling then Tho needs to be added as an attribute of each radio state. NB that this may include loading keys and other non-RF stuff.

10.3. I also offered expressions for power consumption that showed the savings from switching between one network and another. That expression doesn’t account for the power transients associated with the state transitions of the radios,.

10.3.1. In order to make this power consumption model more accurate then we need to add the energy consumed during the interval of Tho as an attribute of each radio state. To support optimized scheduling, the attributes of each radio state would be: 

RADIO_POWER
UNSIGNED_INT(2)
The power, in mW, consumed by a radio in other than an active TX state.

RADIO_TRANSITION_TIME
 1  UNSIGNED_INT(2)
 2  The time, in ms, for a radio to transition from its current state to the active state.

RADIO_TRANSITION_ENERGY
 3  UNSIGNED_INT(2)
 4  The energy, in nJ, that a radio consumes during the transition from its current state to the active state.

DATA_LOAD�
UNSIGNED_INT(2)�
The data type used with the IE_NET_DATA_LOAD, expressing power consumed, in mW, at the network IE_NET_DATA_RATE�
�
Data Load�
DATA_LOAD�
A new value 5 added to the list of LINK_PARAM_GEN options. that specifies the power consumed, in mW, at the data rate specified in LINK_PARAM_GEN option 0, Data Rate �
�
Energy Consumption�
UNSIGNED_INT(4)�
A new value 6 added to the list of LINK_PARAM_GEN options. that specifies the energy consumed, in nJ, during the last observation window used to determine the value of LINK_PARAM_GEN option 3, Throughput�
�
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		Ubiquity
Card		Current
(A)		Card 
Power
(mW)		Output
Power
(mW)		Bit Rate
(Mbps)		Power
Efficiency
(%)		Bit
Cost
(nJ/b)

		XR9		1.1		3630		630		1		17		3630

		XR9		0.8		2640		251		54		10		49

		XR2		1.3		4290		630		1		15		4290

		XR2		0.9		2970		251		54		8		55

		XR5		1.8		5940		630		1		11		5940

		XR5		1.1		3630		200		54		6		67
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