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Introduction

In Atlanta meeting (November 2011), 802.16 TGn has accepted text that describes MAC Data/Control plane procedure related to BS-controlled HR-MS forwarding to network. In this contribution, we propose:
· Minor modifications to the existing FTN text in 16n AWD;

· Description of addressing and connection management involving forwarding HR-MS (Section 16.3.2.1.2);

· Details of unspecified control messages.
References

[1] IEEE 802.16n Amendment Working Draft, IEEE 802.16n-11/0032.

Text Proposal for the 802.16n Amendment Working Document (AWD)
Note:

The text in BLACK colors: the existing text in the 802.16n Amendment Draft Standard
The text in YELLOW-HIGHLIGHTED RED color: the removal of existing 802.16n Amendment Draft Standard Text
The text in YELLOW-HIGHLIGHTED BLUE color: the new text added to the 802.16n Amendment Draft Standard Text
[-----------------------------------------------Start of Text Proposal---------------------------------------------------]

{Remedy 1: Modify Section 16.3.2.1.1 as indicated}
16.3.2.1.1 Network entry involving forwarding HR-MS

For an HR-MS that is inside-of-coverage of an HR-BS/RS, the network entry process is as described in 6.3.9.

For an HR-MS that is outside-of-coverage of any HR-BS/RS but within reach of a forwarding HR-MS, the process of network entry can be described as follows.

To enable coverage extension, a serving HR-BS/HR-RS shall schedule some of its directly-associated HR-MSs to transmit preambles so that an outside-of-coverage HR-MS can detect and start network entry. 

The HR-BS/RS may instruct an HR-MS that are directly-associated with it to transmit MS-Frame Control Header (M-FCH) and network configuration information (NCI) at pre-defined resources relative to the preamble transmitted by the HR-MS. The M-FCH and NCI, when transmitted, define resources for access by the HR-MS that is not under HR-BS coverage. This corresponds to the coverage extension procedure defined in 16.3.2.1.1.1. If M-FCH and NCI are omitted then access resources are defined by the index and the sub-carrier set index of the transmitted preamble. This corresponds to the coverage extension procedure defined in 16.3.2.1.1.2.

16.3.2.1.1.1 Coverage Extension with M-FCH and NCI Preceding Initial Ranging 

The procedure starts when serving HR-BS/RS transmits an FN-CONFIG-CMD message to instruct one or a group of its directly-associated HR-MS to carry out a coverage-extending process. The transmitted FN-CONFIG-CMD message includes the following information:

· Preamble Index: which identify the preamble to be transmitted by the forwarding HR-MS, together with the frequency segment.

· nstart : the frame number in which the new coverage-extending process should be started.

· mrng: the number of ranging opportunities, together with their particular configurations.
· The parameters determining the transmissions of NCI.

· The parameters determining the transmissions of F-MAP.

· The parameters determining the allocation of resources for ranging response

· The parameters determining the allocation of resources for fast-feedback by the forwarded HR-MS.

Prior to sending out the FN-CONFIG-CMD message, HR-BS/RS should reserves a Forwarding Control Zone (FCZ) of three OFDMA symbols at the end of uplink sub-frame for the transmission of preamble and NCI. This zone reservation is achieved by defining a UL_Zone_IE() as specified in Table 471. 

Upon receiving the FN-CONFIG-CMD message, the scheduled HR-MS (or group of HR-MS), from now on simply referred to as forwarding HR-MS, shall start transmitting the specified preamble in the first OFDMA symbol of the FCZ, followed by M-FCH and NCI in the remaining two OFDMA symbols. The formats of M-FCH and NCI are described in 16.3.2.2.1.1 and 6.3.2.3.98.9, respectively. The M-FCH carries similar information to the FCH transmitted by HR-BS, and allows the new HR-MS to receive the NCI, which follows M-FCH.

When a new HR-MS detects preamble, M-FCH, and NCI transmitted by the forwarding HR-MS and decides to start initial ranging through the forwarding HR-MS, the following process shall be carried out:

· The new HR-MS, after acquiring synchronization and uplink transmission parameters shall choose one ranging CDMA code from those specified in NCI using a uniform random process. The HR-MS shall send the selected ranging CDMA code on the ranging slot specified in NCI.

· Upon successfully receiving the ranging code from the new HR-MS, the forwarding HR-MS is supposed to respond with an FN-RNG-ACK RNG-RSP message. As specified in NCI, mrng ranging opportunities shall be allocated. If the new HR-MS has previously transmitted a ranging CDMA code in a ranging opportunity which is not the last opportunity, the HR-MS shall expect to receive an FN-RNG-ACK RNG-RSP message from the forwarding HR-MS before the next ranging opportunity. If the new HR-MS does not receive such an FN-RNG-ACK RNG-RSP message, it shall pick one ranging CDMA code from those specified in the NCI with equal probability and transmit on the coming ranging opportunity. The new HR-MS may ramp-up its transmit power as specified in NCI. If the new HR-MS transmits a ranging code in the last ranging opportunity specified in NCI, it shall expect to receive an FN-RNG-ACK RNG-RSP message within Tx1 T3 Timer.

· The FN-RNG-ACK message provides responses to all the successfully received CDMA ranging codes in the ranging opportunity preceding its transmission. There are four possible ranging status responses from the forwarding HR-MS to the new HR-MS in the FN-RNG-ACK RNG-RSP message, i.e.,

· Continue: The forwarding HR-MS informs the new HR-MS of needed adjustments (e.g., time, power, and possibly frequency corrections) and a status notification of “continue”.

· Success: The forwarding HR-MS informs the new HR-MS of status “success”, but may have adjustment suggestions to the new HR-MS if necessary. With status success, the forwarding HR-MS shall inform the new HR-MS of a BW allocation in the uplink for the new HR-MS to send RNG-REQ message.

· Abort: The forwarding HR-MS informs the new HR-MS to abort the current initial ranging process.

· Continue with 2nd Phase: This status notification is only applicable if the current coverage extension process follows the Two-Phase approach, as specified in FN-CONFIG-CMD message. The forwarding HR-MS informs the new HR-MS to prepare to receive post-access preambles and post-access NCI. This status shall only be sent once, i.e., it shall not be given when the new HR-MS has already been carrying out ranging using post-access preambles and post-access NCI from forwarding HR-MS.

· Upon receiving a Continue status notification and parameter adjustments in FN-RNG-ACK message, the new HR-MS shall adjust its parameters accordingly and continue the ranging process by selecting one ranging CDMA code from those specified in NCI with equal probability and transmitting in the next available ranging opportunity, or as instructed in the FN-RNG-ACK message.

· Upon receiving a Success status notification, the new HR-MS shall wait for the forwarding HR-MS to inform it of a BW allocation in the UL to send RNG-REQ message. The forwarding HR-MS forwards the corresponding request to the serving HR-BS, and subsequently acts on behalf of the HR-BS in sending an RNG-RSP message to the new HR-MS. Initial ranging process for the new HR-MS is over after receiving RNG-RSP message, which includes a valid Basic CID. If the new HR-MS does not receive bandwidth allocation for RNG-REQ or it does not receive RNG-RSP message for its transmitted RNG-REQ message within Tx1 T3 or the RNG-REQ/RSP is not completed in [TBD] frames, it stops the process and try to associate with another HR-MS or a HR-BS/RS.

· Upon receiving an Abort status notification, the new HR-MS shall stop the ranging process. It shall not attempt to restart initial ranging with a forwarding HR-MS transmitting the same preamble in the next nclosed coverage extending process.

· Upon receiving Continue with 2nd Phase status notification, the new HR-MS waits for post-access preamble and post-access NCI to be transmitted by forwarding HR-MS. Upon receiving post-access preamble and NCI, the new HR-MS starts a new round of initial ranging as follows steps as described above. The initial transmission power for the ranging is determined based on the last ranging prior to detection of post-access preamble and NCI.

The behavior of the forwarding HR-MS and serving HR-BS/RS during initial ranging of the new HR-MS shall be as follows.

· After transmitting NCI, the forwarding HR-MS shall monitor the specified ranging opportunities for any initial-ranging attempt by new HR-MS. If no such ranging attempt is detected, the coverage extension process terminates.
· When the forwarding HR-MS detects one or more CDMA ranging codes transmitted on the allocated ranging slots, it shall calculate signal strength and necessary adjustments (time, power, frequency corrections). An FN-RNG-ACK RNG-RSP message shall be transmitted to the new HR-MS.

· FN-RNG-ACK RNG-RSP message shall be transmitted in the FCZ, with the location specified inside the NCI. The HR-BS shall also monitor the pre-allocated resource for the FN-RNG-ACK RNG-RSP in order to carry out any further proactive resource allocation for the coverage extending process.

· The forwarding HR-MS can also transmit an FN-RNG-REP report to the HR-BS. The FN-RNG-REP HR-RNG-REP message contains signal strength and possibly necessary adjustments for the new HR-MS. The HR-BS may receive FN-RNG-REP HR-RNG-REP messages from multiple scheduled forwarding HR-MS. The HR-BS is supposed to follow up with an FN-RNG-FLU message before the next allocated ranging opportunity of the coverage extending process if there is any. Otherwise, if this is the last ranging opportunity as specified in NCI, the FN-RNG-FLU message is supposed to be transmitted within Tx2 T66 Timer, where Tx2 < Tx1. The FN-RNG-FLU message specifies the forwarding HR-MS that shall transmit an FN-RNG-ACK RNG-RSP message to the new HR-MS (if such a message needs to be transmitted).

· After the ranging status has become Success, HR-BS shall allocate bandwidth in the uplink to allow the new HR-MS to transmit RNG-REQ message. The forwarding HR-MS shall recognize this allocation IE in the UL-MAP and inform the new HR-MS accordingly (using a CDMA Allocation IE). The resource allocation for RNG-REQ message shall be preceded by RNG-RCV-IE which allocates uplink resource for the forwarding HR-MS to relay ranging, registration, capability negotiation, security exchanges from the new HR-MS to serving HR-BS.
· The HR-BS may request the forwarding HR-MS to report any ranging attempt, whether they have crossed the response threshold or not, for management purposes.

{Remedy 2: Insert the following new section}
6.3.2.3.98.x FN-RNG-FLU (Forwarding Ranging Follow-up) message
Serving HR-BS/RS transmits FN-RNG-FLU to instruct one or a group of HR-MS to follow-up with the ranging process of a new HR-MS, as part of the coverage extension process.
Table xx1 – FN-RNG-FLU message format

	Syntax 
	Size

(bit) 
	Notes

	HR-RNG-REP_Message_Format() { 
	— 
	—

	Management Message Type = [TBD]
	8
	—



	Number of ranging codes to be followed up
	4
	

	Reserved
	4
	

	For (i = 0; i < Number of ranging codes to be followed up; i++){
	
	

	Frame number
	4
	4 LSBs of the frame number in which the code was received



	CDMA code
	8
	Index of the ranging code to be followed up.

	Transmission opportunity offset
	4
	The offset is in number of symbol duration

	Basic CID of selected forwarding HR-MS
	16
	

	}
	
	

	}
	
	


{Remedy 3: Modify Section 16.3.2.1.2 as indicated}
16.3.2.1.2 Connection management and MPDU transmissions involving forwarding HR-MS

[TBD]
Management and transport connections between a forwarded HR-MS and serving HR-BS/RS are defined in the same way as specified in 6.3.1.1. Each forwarding HR-MS keeps track of all basic/primary/secondary and transport CIDs allocated to all of its associated HR-MSs.
Serving HR-BS/RS schedules resource for the transmissions to/from forwarded HR-MS using FTN Assignment IE, which is an extended UL-MAP IE (UIUC = 15) with Extended UIUC = 0xC (Table xx1). The detailed operation depends on whether the forwarded HR-MS is inside or outside of HR-BS/RS coverage and is described in  16. 3.2.1.2.1 and 16. 3.2.1.2.2.
Table xx1 – FTN Assignment IE format
	Syntax 
	Size

(bit) 
	Notes

	FTN Allocation IE () {
	— 
	—

	Extended UIUC
	4
	0xC

	Length
	4
	Set to 0x3

	UIUC
	4
	Value is from 1 to 10, for different



	Duration 
	10
	In OFDMA slots


	Repetition coding indication
	2
	0b00: No repetition coding
0b01: Repetition coding of 2 used
0b10: Repetition coding of 4 used
0b11: Repetition coding of 6 used



	Transmission Indicator
	2
	0b00: For HR-BS to transmit to forwarding HR-MS

0b01: For forwarding HR-MS to transmit to HR-BS

0b10: For forwarding HR-MS to transmit to forwarded HR-MS

0b11: For forwarded HR-MS to transmit to forwarding HR-MS

	Frame Offset
	2
	Number of frames, counting from the next frame, that this assignment is applied to.

	Reserved
	4
	

	}
	
	


16.3.2.1.2.1 Forwarding of UL traffic for an inside-of-coverage forwarded HR-MS

The procedure for forwarding of UL traffic for an inside-of-coverage forwarded HR-MS consists of the following steps:
· The serving HR-BS/RS assigns an UL transmission resource for the forwarded HR-MS through an UL-MAP IE. The forwarded HR-MS, upon receiving such an UL-MAP IE, transmits its MPDU as per normal, i.e., just like transmitting directly to the serving HR-BS/RS.

· As the forwarding HR-MS keeps track of the basic CIDs of all of its forwarded HR-MS, it is aware of the UL resource assignment from the serving HR-BS/RS and shall attempt to receive, if it is not scheduled to transmit uplink traffic on the same frame.

· If the serving HR-BS/RS wants the forwarding HR-MS to forward the received MPDU from forwarded HR-MS, it shall assign UL resource to the forwarding HR-MS in one of the subsequent frames, using an FTN Assignment IE. The FTN Assignment IE is transmitted with the basic CID of the forwarded HR-MS and with the field “Transmission Indicator” set to 0b01.
· The forwarding HR-MS shall buffer the MPDU received from the forwarded HR-MS for at most [TBD] frames. If during those frames, the corresponding FTN Assignment IE is not received from serving HR-BS/RS, the forwarding HR-MS shall discard the received MPDU.
16.3.2.1.2.2 Forwarding of traffic for an outside-of-coverage forwarded HR-MS
The procedure for forwarding of DL traffic for an outside-of-coverage forwarded HR-MS consists of the following steps.

· The serving HR-BS/RS sends a DL-MAP IE with the basic CID of the forwarded HR-MS. As the forwarding HR-MS keeps track of the basic CIDs of all of its forwarded HR-MS, it is aware of the DL resource assignment and shall attempt to receive.
· In one of the subsequent frames, the serving HR-BS/RS assigns an UL resource to forwarding HR-MS to forward the received MPDU toward the forwarded HR-MS, using an FTN Assignment IE. The FTN Assignment IE is transmitted with the basic CID of the forwarded HR-MS and with the field “Transmission Indicator” set to 0b10.

· Upon receiving the FTN Assignment IE, the forwarding HR-MS conveys the assigned resource to the forwarded HR-MS through an F-MAP IE in the coming F-MAP.

· The forwarding HR-MS then proceeds to transmit the MPDU received from the serving HR-BS/RS toward the forwarded HR-MS.

The procedure for forwarding of UL traffic for an outside-of-coverage forwarded HR-MS consists of the following steps.

· The serving HR-BS/RS assigns UL resource for the forwarded HR-MS to transmit its MPDU toward the forwarding HR-MS using an FTN Assignment IE, using the basic CID of the forwarded HR-MS and with the field “Transmission Indicator” set to 0b11.

· Upon receiving the FTN Assignment IE, the forwarding HR-MS conveys the assigned UL resource to the forwarded HR-MS through an F-MAP IE in the coming F-MAP. The forwarding HR-MS subsequently attempts to receive the MPDU transmitted by the forwarded HR-MS in the assigned UL resource.
· In one of the subsequent frames, the serving HR-BS/RS sends a UL-MAP IE with the basic CID of the forwarded HR-MS. The forwarding HR-MS is aware of the UL resource assignment and uses that to forward the MPDU received from the forwarded HR-MS toward the serving HR-BS/RS.
· The forwarding HR-MS shall buffer the MPDU received from the forwarded HR-MS for at most [TBD] frames. If during those frames, the corresponding FTN Assignment IE is not received from the serving HR-BS/RS, the forwarding HR-MS shall discard the received MPDU.
{Remedy 4: Modify Table 465 as indicated}
Table 465.—Extended UIUC code assignment for UIUC = 15

	Extended UIUC

(hexadecimal)
	Usage

	0x0
	Power Control IE

	…
	…

	…
	…

	…
	…

	0xB
	UL Burst Receive IE

	0xC … 0xF
	Reserved

	0xC
	FTN Assignment IE

	0xD … 0xF
	Reserved
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