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1 Introduction
Device-to-Device (D2D) direct communication could operate in the same radio spectrum as an ordinary cellular network or in dedicated spectrum. For direct communications (D2D) there are two co-existence aspects that need to be considered; 
· In-band interference to other D2D users within the operating channel bandwidth

· OOB interference to adjacent WAN services 
In this contribution, we look at the issues related to specifying the maximum number of broadcast transmission for D2D services in the R4 specification
2 Background
The following agreements have been proposed by RAN1 for D2D communication;
a) Resource allocation:

· Mode 1: eNodeB or rel-10 relay node schedules the exact resources – supported in-coverage

· Mode 2: UE on its own selects resources from resource pools – at least in edge/out-of-coverage
b) Number of D2D broadcast transmitters 
· Option 1: Average number of broadcast transmitters per cell is 3

· Option 2: Average number of broadcast transmitters per cell is 6

· Both Option 1 and 2 are to be simulated.
Note:

1.  Option 2 is being simulated to study robustness of the system in case of rare events.

2. 
Only critical problems identified with 12 Tx UEs, if any, will be addressed in rel-12. No optimization for 12 TX UEs will be considered in rel-12.
The RAN1 simulations are based on an average number of broadcast transmitters for two options {3, 6}. The CCDF posted by Qualcomm to RAN1 reflector for these two options are shown below 
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· Option 1
 shows, for an average 3 TX/cell; about 10% of cells have more than 6 transmitters per cell and 1% of cells have more than 8 transmitters per cell.
· Option 2 shows for an average 6 TX/cell; about 10% of cells have more than 10 transmitters and 1% of the cells have more than 12 TX UEs.

For both options, the R1 “average” value would allow for the support of larger number simultaneous Tx broadcast transmitters for a specific cell, albeit with a lower probability of occurrence. In particular, the R1 assumption does not indicate a maximum value for the number of allowed TX broadcast transmitters than could be deployed in a PS incident apart from that fact that PS users tend to follow radio discipline and are expected to limit unnecessary transmissions. 
3 R4 Radio requirements 

From a R4 perspective it is important to quantify the maximum number of allowed TX broadcast transmitters that could be supported (on a per cell basis) since it impacts the system performance in a number of aspects; 
a) The loss in UL throughput in the adjacent channel/cell due to cumulative OOB interference due to the maximum number of simultaneous TX broadcast transmissions 
b) The loss in D2D coverage within the PS cell due to in band interference from other D2D broadcast transmission. This in-band noise will degrade the SNR for a co-located D2D Rx user on an adjacent RB frequency within the PS channel. Increasing the number of allowed TX broadcast transmissions will result in an increase to the in-band noise and will result in loss of coverage for the co-located D2D Rx user on a different talk group. Therefore, the cells which have a higher than “average” number TX broadcast transmitters will be affected worse.
c) Resource allocation. The current R1 assumption is that for Mode 1 the eNodeB or rel-10 relay node schedules the exact resources for in-coverage deployment and for Mode 2 the UE on its own selects resources from resource pools – at least in edge/out-of-coverage deployment.
1) For both modes, but more critically for Mode 2, the maximum number of D2D transmission would need to be specified in order for the UE to assign the D2D transmissions to particular set of RB locations. If the specification does not define a maximum value, we could have a different UE behaviour as the number of D2D transmissions increase. 
2) Depending on the D2D TX in-band emission limit and RX resource block selectivity, a D2D transmission signal will be seen as noise on the wanted D2D RX channel (for a co-located D2D UE but on a different talk group). This is not an issue for normal uncast cellular operation, since power control tends to mitigate this near far problem. Since power control is not expected to be used for D2D communications the SNR degradation could be significant and we may need to limit the maximum number of D2D broadcast transmissions to allow for greater frequency separation in terms of RB allocations used for the different D2D talk groups or require a more stringent in-band emission specification
3) It is expected that D2D operation would also be required for systems with different channel bandwidths. Currently, both 5MHz and 10MHz allocations are being considered for PS services. Without defining the maximum number of broadcast transmissions the co-existence could be different since same number of PS user will be expected to be supported for both 5/10 MHz operation and there is less RB offset for mitigation in the 5MHz case. The results of this would results in either worse or less interference depending on the transmission bandwidth 
d) R4 has previously used a less than 5% loss of UL throughput criteria as a maximum level of allowed degradation for the worst case scenario in the development of the radio specifications. These core requirements are then used as the bases for UE tests in R5. If we follow the R1 methodology it would not be clear what should be used in the R4 specification and then followed through in R5 conformance specifications. The evolved R5 UE tests are normally used to show conformance for certification and regulatory approval. Some possible options would some combination of both solutions to account for average and worst case. For example;
1) 5% loss of UL throughput is specified for a specified lower  number [ 3, 6] of broadcast transmissions 
2) A greater than 5 % loss of UL throughput is specified for maximum number [x] of broadcast transmissions on the bases that this occurrence is deemed to be a rare worst case. In some ways this approach is not too dissimilar in the case of UE to UE coexistence for some band or where there is no guard band or synchronisation between TDD carriers and therefore a <5% loss UL throughput cannot be expected. 
If companies feel that this dual requirement approach is not acceptable than we would need to either limit the maximum number of number of broadcast transmissions or tighten the requirements in the specifications
4 Way forward 

From a R4 perspective it is important to quantify the impact on the maximum number of allowed TX broadcast transmitters on a per cell basis, noting that on “average” over many adjacent cells (R1 methodology) the impact of would be much lower.
In order to understand the impact of OOB interference to adjacent services on a per cell bases we propose to consider the loss of throughput for different values [3, 6. 9, 12] of broadcast transmission.  Based on these results, R4 could consider the following options;
Proposal 1;
Limit the maximum number of D2D broadcast groups for out of network coverage based on the simulations results  

Proposal 2:
Requirement in the R4 specification are based on “average” number of D2D broadcast transmission and a worst case number. In this case the “average” should met the 5% loss of throughput criteria and the worst case could meet greater than 5% allowed loss of throughput on the bases this is a rare worst corner scenario. In this case both the average and worst case number of D2D broadcast transmission are specified in the specification 
Proposal 3: 
We should also consider the impact in terms of loss of coverage for the in-band emission case for both the average and worst case since loss of coverage for the in-band emission case would negate the benefits of increasing the number of allowed D2D broadcast transmission as this would impact the reliability of using the D2D feature by a PS user  
Proposal 4
Look at other mechanism, such as a tighter ACLR and in-band emission requirements to ensure both the maximum required number of D2D TX broadcast can be supported in the specification   
