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 Introduction

The Coexistence problems impact both on the operator providing services to users and on the user experience. In this contribution we have chosen to address the possible coexistence problems in the TVWS from the perspective of the user experience.
1.1 Assumptions

In this study is considered that for providing Fixed or Nomadic access can be used different 802 technologies. The BS power limitations make this band problematic for mobile ubiquitous coverage, such that the full Mobile service will not be taken into approach.

According to the market experience in other frequencies, 802.11 and 802.16 can be equally used to provide Fixed or Nomadic services. 802.22 was designed for Fixed rural applications only.

In addition, there are a number of cellular technologies which are candidates to be used in this band. In the analysis to follow, such technologies can be considered similar to 802.16.
1.2 Technical background

The coexistence problems may appear in a number of situations:

1. The limitation of the available channels in urban environments which can conduct to the need to share a channel between two systems;
2. The interference created by the out-of-band transmissions (masks) of radios using adjacent channels.

From the user point of view, the lack of coexistence can be translated into:

1. Degraded performance:
· lower throughput;
· drop of packets, especially problematic in case of multi-media services;
· latency, problematic for the interactive services.
2. Denial of service; in this case the user device is not able to detect in a reliable mode the BS (802.16, 802.22) or AP (802.11) transmissions.

The out-of-band emissions may create interference in TDD bands. This happens in case of lack of synchronization between the Tx (transmit) and Rx (receive) intervals and can happen in case of 802.16 and 802.22 transmissions, the first using 5ms frames while the second is using 10ms frames. However, 802.22 and 802.16h can potentially coexist, in case of synchronized operation.

The 802.11 energy detect mechanism may NOT operate, given its high levels in LE bands (20dB above the sensitivity level), such that the transmissions of 802.16 and 802.22 BSs and devices will NOT be sensed at high distances from the cell center (hidden nodes effect). 

802.11 operation may be affected by the scheduled transmissions of 802.16 and 802.22, which can start in the middle of an 802.11 data frame. 802.16h allows better performance of 802.11 systems.

2.1 Deployment Scenarios
The basic deployment scenario which can be considered in TVWS bands is constituted from two overlapping cells, using different technologies.
Fig. 1 provides a description of the two cells which may interact on the same or adjacent channel. Each cell consists on a BS/AP and a number of SS (802.16 and 802.22) / STA (802.11, 802.15). In the case 802.15, the cell may be formed by at least two STAs.


Fig. 1  Interacting cells

The basic deployment possibilities are:

- OUTDOOR;
- OUTDOOR-TO-INDOOR;
- INDOOR.
The interactions between different technologies may occur for the following scenarios:

1. Cell 1: OUTDOOR (one of 802.11, 802.16, 802.22); Cell 2: OUTDOOR (one of 802.11, 802.16, 802.22).
2. Cell 1: OUTDOOR (one of 802.11, 802.16, 802.22); Cell 2: OUTDOOR-TO-INDOOR (one of 802.11, 802.16, 802.22).
3. Cell 1: OUTDOOR (one of 802.11, 802.16, 802.22); Cell 2: INDOOR (one of 802.11, 802.15, 802.16).
4. Cell 1: OUTDOOR-TO-INDOOR (one of 802.11, 802.16, 802.22); Cell 2: OUTDOOR-TO-INDOOR (one of 802.11, 802.16, 802.22).
5. Cell 1: OUTDOOR-TO-INDOOR (one of 802.11, 802.16, 802.22); Cell 2: INDOOR (one of 802.11, 802.15, 802.16).
6. Cell 1: INDOOR (one of 802.11, 802.15, 802.16); Cell 2: INDOOR (one of 802.11, 802.15, 802.16).
The fundamentally different deployment scenarios are Scenario 1 (similar with Scenario 4) and Scenario 5; these scenarios will be analyzed in continuation. 
3. User experience in the different scenarios
We will consider the following users enjoying the services of a given technology:

1. Andrew, Barry and Chris are subscribed to an outdoor service provided with respectively 802.11, 802.16and 802.22.

2. Dan, Edward and Greg are subscribed to an outdoor-to-indoor service provided with respectively 802.11, 802.16and 802.22.

3. Michael, Paul and Ran enjoy indoor communication provided with 802.11, 802.15 and 802.16.
2.1 Interaction between outdoor services – Scenario 1
Let’s consider that two operators, using different technologies, select same or adjacent channels for providing outdoor services (Scenario 1). 
The distance between the Andrew’s, Barry’s and Chris’s homes and their respective BSs are such that the SINR (Signal-to-Interference-and-Noise-Ratio) is strongly affected by interference.
The following Table shows the problems of each user in the possible combinations.

Table 1: User experience in Scenario 1

	Cell 1 (outdoor)
	Cell 2 (outdoor)
	Andrew (802.11)
	Barry (802.16) 
	Chris (802.22)

	802.11
	802.16
	Degraded performance with 802.16.
Better performance with 802.16h.

	Degraded performance
Lack of service in some situations (hidden node effect).
	

	802.16
	802.22
	
	Regular 802.16: strongly degraded performance, independent of sync.

(BS-BS interference due to  different DL/UL intervals)
Better performance with 802.16h.
	Strongly degraded performance
(BS-BS interference due to different DL/UL intervals)
Better performance with 802.16h.

	802.22
	802.11
	Degraded performance
	
	Degraded performance


2.2 Interaction between outdoor-to-indoor and indoor services – Scenario 5
	Cell 1

(outdoor-to-indoor)
	Cell 2

(indoor)
	Dan (802.11 out-to-indoor)
	Edward and Greg (802.16 and 802.22 out-to-indoor) 
	Michael(802.11 indoor)
	Paul (802.15 indoor)
	Ran (802.16 indoor)

	802.11
	802.16
	Degraded performance with 802.16
Better performance with 802.16h.

	
	
	
	Doing relatively well – the 802.11 energy detection works for small cells.

	802.16

and 802.22
	802.11 and 802.15
	
	Essentially denial of service

802.11 is not detecting the BS signals; even more, due to proximity of the AP / STA transmitters the Edward’s and Greg’s radios may be saturated during their receive intervals.
	Doing relatively well (the retransmissions may compensate the dropped packets by the scheduled transmissions of 802.16 and 802.22 SSs)
	T.B.C.
(To be completed)
	


4. Self-coexistence scenarios

In self-coexistence scenarios two systems (BS/AP and the associated SS/STA) using the same technology shall be able of sharing a frequency channel. The following situations are possible:

1. 802.11 with 802.11

a. The channel sharing is good if both systems use the same PHY technology and channel width

b. The channel sharing is sub-optimal in other cases, based on energy detection levels.

2. 802.15 with 802.15

a. T.B.C.

3. 802.16 with 802.16

a. The channel sharing is good with 802.16h;

b. The channel sharing is not feasible with the regular 802.16.

4. 802.22 with 802.22

a. T.B.C.
Conclusions
The coexistence analysis shows that none of the available technologies is immune to the coexistence problems and further actions should be taken for improving the coexistence between 802 systems operating in TVWS bands.
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