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Introduction
In this contribution, we will analyze L2 grouping in different ProSe grouping scenarios.





 We concentrate on the backhaul overhead and process time of L2 grouping in different deployment scenarios. Here, three deployment scenarios from [1] are discussed:
a) In-coverage-single-cell scenario ([1], scenario 1C)

b) In-coverage-multiple-cell scenario ([1], scenario 1D)

c) Partial coverage scenario ([1], scenario 1B)

Here, the out-of-coverage scenario is skipped because there is no backhaul connection in the out-of-coverage scenario. 
Based on these scenarios, we will provide suggestions for RAN2 to consider during the discussion.
2         Discussion 
Before the analysis, it is necessary to has consensus for the functionalities of L2 grouping. Otherwise, there is no common background to discuss the Pros and Cons of L2 grouping and so the discussion may diverge. 
Proposal 1: To discuss L2 grouping, RAN2 should have consensus for the functionalities of L2 grouping. 

For the progress of discussion, we assume a ‘L2 ProSe grouping function’ is implemented in each eNB.
 Because of the ProSe grouping function is implemented in L2, which the PDCP, RLC and MAC layer are involved.  We assume the L2 ProSe grouping function has the following functionalities. 
L2 ProSe grouping function: 
L2 ProSe grouping function includes the following functionalities:
(1) Group identification and group management. 
(2) D2D Resource allocation for the ProSe group. 
(3) Channel quality monitoring and interference avoidance. 





Based on this assumption, we analyze the overhead that L2 ProSe grouping function may cost in different scenarios. 
a) In-coverage-single-cell scenario
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Fig.1 In-coverage-single-cell scenario
b) 
The in-coverage-single-cell scenario is plotted in Fig.1. It is clear that serving eNB should be responsible for the ProSe registration, discovery and resource allocation.
 L2 ProSe grouping function can be implemented in the serving eNB and L2 ProSe grouping function doesn’t need to cooperate with neighbor eNBs. Therefore, apart from the control signaling to the EPC [1], L2 ProSe grouping function may create less backhaul overhead.



c) In-coverage-multiple-cell scenario

In Fig. 2, we plot the in-coverage-multiple-cell scenario. In this scenario, it happens that L2 ProSe grouping functions in the {eNB_A, eNB_B, eNB_C} need to cooperate to serve the ProSe group. Here, LTE network needs to address the following problems:

1) Which eNB is in charge of the ProSe group?

2) For a moving ProSe group, how eNBs propagate ProSe group information between different eNBs?

Possible Solution for L2 ProSe grouping function 
 One possible solution is assigning a group anchor in each ProSe group. The group anchor is one member device in the ProSe group and it is in charge of negotiating with LTE network. So, the group anchor should be served by one serving eNB (eNB_S) and it maintains an infrastructure path with eNB_S. The L2 ProSe grouping function in eNB_S will take the major role to serve the ProSe group.  When ProSe group is moving, there are three possible cases:
i) Case 1: Same serving eNB but the group anchor is changed. 
In this case, the L2 ProSe grouping function needs to help the ProSe group to re-select the new group anchor. eNB_S doesn’t need to negotiate with neighbor eNBs and so the backhaul signaling overhead is limited.
ii) Case 2: Same group anchor but the serving eNB is changed to another eNB (eNB_Snew). 
In this case, the group anchor will implement handover progress from eNB_S to eNB_Snew. After the handover progress, the ProSe group information may also be transmitted from eNB_S to eNB_Snew. Here, the overhead of backhaul signaling may depend on the contents of ProSe group information, such as the member list of the ProSe group. The progress time may depend on the backhaul bandwidth and the how the radio resource re-allocation is decided in the e_NB_Snew.
iii) Case 3: Different group anchor and different serving eNB (from eNB_S to e_NB_Snew).
How to change the group anchor and the serving eNB at the same time may depend on the channel qualities of the ProSe group to the LTE network. Here, one possible solution is the original group anchor handovers to e_NB_Snew and the ProSe group information is also forwarded to e_NB_Snew. Then, e_NB_Snew helps the ProSe group to decide the new group anchor. So, the backhaul overhead and process time may be similar to that of case 2. 
Based on the suggested solution, it is clear that L2 ProSe grouping function creates backhaul signaling
 and process time when the ProSe group is moving. The amount of overhead may depend on the size of ProSe group and the process delay may depend on the backhaul bandwidth and radio resource reallocation for the moving ProSe group. It is worthy for RAN2 to clarify if the service continuity requirement in SA2 [2] can be fulfilled when process delay is considered.  
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Fig. 2 In-coverage-multiple-cell scenario

d) Partial coverage scenario
In the partial coverage scenario, the problem of backhaul signaling and process delay may be more severe. It is because the L2 ProSe grouping functions need to search the ‘right eNB’ to cooperate with. In Fig. 3, we plot the partial coverage scenario. ProSe group A is served by the L2 ProSe grouping function in the eNB_A and ProSe group B is served by L2 ProSe grouping function in the eNB_B.  There is no overlap between eNB_A and eNB_B. However, ProSe group A and ProSe group B are quite close and so both of them may interfere with each other when they use the same radio resource. In this condition, L2 ProSe grouping function in eNB_A may spend much signaling overhead and a period of time to identify the source of interference, which is ProSe group B.  Similarly, L2 ProSe grouping function in eNB_B also spends same overhead to find out the source of interference. It is worthy to note that mobile ProSe groups may enhance this problem further. 
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Fig. 3 Partial coverage scenario

Based on our observations in the three scenarios above, we suggest RAN2 to set in-coverage-multiple-cell scenario and partial coverage scenario as the first and second priority when RAN2 is discussing L2 grouping. Moreover, it is clear that mobility will increase the backhaul overhead and process time. 
Proposal 2: Partial coverage scenario and In-coverage-multiple-cell scenario should be considered first for the discussion of L2 grouping. 
Proposal 3: RAN2 should consider the influence of mobile ProSe group on the backhaul signalling overhead and process time of L2 grouping.   
For the reference of RAN2 discussion, we suggest the priorities of discussion in Table 1. 
Table 1 Suggestions for the priorities of RAN2 discussion
	Scenario
Mobility                 
	Fixed ProSe Group
	Mobile ProSe Group 

	In-coverage-single-cell  
	3rd  
	3rd  

	In-coverage-multiple-cell  
	2nd  
	Case 1

	3rd   

	
	
	Case 2

	2nd  

	
	
	Case 3

	3rd  

	Partial coverage  
	1st priority 
	1st priority 
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Conclusion 
Based on our discussion about L2  grouping, we propose: 
Proposal 1: To discuss L2 grouping, RAN2 should have consensus for the functionalities of L2 grouping. 


Proposal 2: Partial coverage scenario and In-coverage-multiple-cell scenario should be considered first for the discussion of L2 grouping. 

Proposal 3: RAN2 should consider the influence of mobile ProSe group on the backhaul signalling overhead and process time of L2 grouping.   
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