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1. Introduction
According to the function requirements in [1], the system shall provide a mechanism to efficiently distribute data for group communication. Thus in this contribution, we will evaluate the resource efficiency for group communication via eMBMS and based on the evaluation, some enhancements will be discussed.

2. Discussion
2.1. eMBMS resource efficiency evaluation
If group communication is provided via eMBMS, resource efficiency could be argued due to the following reasons:
1) Pre-established eMBMS may result resource waste
For the pre-established eMBMS solution, the eMBMS bearer will be pre-established and the MBSFN subframes will be pre-configured. These configured MBSFN subframes will be wasted if it takes a long time to start the group communication packet transmission after the eMBMS bearer is established and there is no enough TM9/10 UEs.
Observation1: The configured MBSFN subframes may be wasted if it takes a long time to start the group communication packet transmission after the eMBMS bearer is established.
2) The traffic characteristic of public safety is different from the initial traffic for which MBMS is designed
MBMS is initially designed for traffics such as streaming or file loading. These traffics have the characteristics of large packet size and persistent data transmission. But for the public safety scenarios, voice may be the typical traffic such as PTT. It is known to all that the packet size of voice is normally small and only one packet every 20ms in the active period as well as no data in some time for PTT service. The different traffic characteristics may result resource wastes from the following two aspects:
· MBSFN subframe resource waste

For these empty MBSFN subframes, they can be reused by TM9 and TM10 UE, but if the number of TM9/10 UE in a cell is not enough, these unused MBSFN subframes will be wasted. 

In addition, since the packet size of voice is small, if the MSI and/or MTCH(s) cannot occupy the entire subframe, there will be PRB resource waste, as shown in Figure1.
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                                                  Figure1. MBSFN subframes waste
· IP header overhead

Current eMBMS does not support header compression because it is designed for traffic with large packets. But for public safety scenarios, if no header compression is used, IP header will consume much resource because the typical packet size of public safety is small. It is also less resource efficiency.
Observation2: The different traffic characteristics between the public safety services and legacy MBMS services may lead to resource waste due to limited data transmission and more IP header overhead.

3) The MBSFN area(s) does not match with the group communication geography
Since one cell can support 8 MBSFN areas at most, it is impossible to match the MBSFN area(s) and the group communication geography very well especially when the group members are moving. 
· There is the possibility that a group shares the existing MBSFN area with other group(s) since maximum 8 MBSFN areas is supported. If the shared MBSFN area is larger than the group communication geography, those pre-configured resource for this group in the cells of the MBSFN area but beyond the group communication geography will be wasted. 
· There is the possibility that one cell in the group communication geography area cannot be involved because the cell is already configured 8 MBSFN area and then the MBSFN area(s) is smaller than the group communication geography, those cells beyond the MBSFN area(s) will use unicast to provide group communication, which is also not resource efficiency. 
Observation 3: If the MBSFN area(s) does not match with the group communication geography, it may lead to resource waste.

4) The number of Group Receiver Member changes in a cell
If there are a large number of Group Receiver Members in a cell, using eMBMS is more resource efficiency than unicast. But if the number of Group Receiver Member in a cell is reduced, eMBMS may waste more resource than unicast because MBSFN subframe will occupy entire subframe even if there are only a small number of PRBs are occupied.

Observation4: If the number of Group Receiver Member is small, using eMBMS will lead to resource waste.

Proposal1: Suggest capturing the above analysis on eMBMS resource efficiency into TR 36.868.
2.2. Possible resource efficiency enhancements
As analyzed above, group communication via eMBMS may be less resource efficiency in some cases. Therefore, in this section, we will discuss some enhancements on resource efficiency.
2.2.1 Header Compression
As it was discussed on RAN2#66 meeting [2], header compression is most efficient for small packets, hence it was not introduced for Rel-9 eMBMS because eMBMS is designed mainly targeted at file push services. But for the public safety scenarios, small packets such as voice will be the typical service which has been agreed in the D2D discussion. For voice, the gain of compression about 30%-40%, thus header compression is useful to reduce the IP header overhead. 
Since there is no feedback for eMBMS, U-mode header compression should be used. In this mode, the network can periodically send a full header to enable the Group Receiver Member to decompress the received packets in order to avoid errors. 
Proposal2:  Header compression (U-mode) should be supported for group communication via eMBMS.

2.2.2 Unicast/multicast switching
If the MBSFN area(s) for group communication does not match with the group communication geography or the number of Group Receiver Member changes, network triggered unicast/multicast switching should be considered. For the network triggered unicast/multicast switching, the following issues should be considered:

Issue1: Whether the unicast/multicast switching is performed based on cell or MBSFN area?

Since the distribution of the Group Receiver Member in each cell of the same MBSFN area may be imbalance, thus per cell unicast/multicast is better from the perspective of resource efficiency.

Proposal3:  Cell based unicast/multicast switching should be supported for resource efficiency.

Issue2: Which node decides to perform the unicast/multicast switching?
For the network triggered unicast/multicast switching, if eNB is responsible for this decision, it is possible that the network architecture in CN is MBMS architecture while unicast is used in Uu interface. In order to keep the current unicast EPS bearer establishment procedure keeps unchanged, it is reasonable for the GCSE AS to decide the switching because GCSE AS has the responsibility to trigger the establishment or release the unicast bearer.

Proposal4: GCSE AS is responsible for deciding the network triggered unicast/multicast switching.

Issue3: The triggers for unicast/multicast switching?

The GCSE AS should know the exact number of the Group Receiver Member in a cell in order to decide whether unicast/multicast switching is needed. There are four options for acquiring this information:

Option1:  Group Receiver Member reports its location to GCSE AS through GC1 interface.

Option2:  MME reports the location of each Group Receiver Member to GCSE AS.

Option3:  GCSE AS acquires the location of each Group Receiver Member based on MBMS counting.

Option4:  GCSE AS acquires the location of each Group Receiver Member based on MBMS interest indication.

The current GCSE network architecture is as below:
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                                          Figure2.  GCSE network architecture
For Option1, there is no requirement on UE RRC state. But considering once UE changes its serving cell, it should report its location to the GCSE AS through GC1 interface, thus if it keeps in RRC connected, signalling overhead in radio interface will be reduced. This option has no specification effort on interfaces except for GC1 interface.
For Option2, if the MME wants to know the serving cell of each Group Receiver Member, the Group Receiver Member should also be kept in RRC connected state. Current specification has already supported PCRF acquiring the serving cell information of each Group Receiver Member. Hence if GCSE AS wants to acquire the number of Group Receiver Member in each cell, only interaction between PCRF and GCSE AS is needed. That is to say only Rx interface will be impacted.
For Option3, UE should be kept in RRC connected state; otherwise, the counting result will be inaccurate. This option has the following characteristics:

· Since maximum 16 sessions can be counted each time and parallel counting is not supported, if there are more than 16 group communication sessions in one cell, it is difficult for the GCSE AS to timely acquire the number of Group Receiver Member in each cell for each group.
· According to current specification, maximum 1024 UEs can be contained in the counting result. Hence if the interested Group Receiver Member in a cell is larger than 1024, the number of Group Receiver in each cell acquired by GCSE AS will be inaccurate. But it does not matter much because it does not impact the decision on multicast/unicast switching.
· Currently, the counting result reported from eNB to MCE does not include cell information, thus if the GCSE AS needs to acquire the Group Receiver Member in each cell,  information interactions amongst interferences M2, M3, Sm, Sgi-mb/SGmb and GC2 are needed.

For Option4, similar as Option3, UE also needs to keep in RRC connected state in order to ensure the Group Receiver Member counted in one cell is accurate. This option has the following characteristics:
· Since there is only interested frequency info in the current MBMS interest indication message, TMGI should be added in order to count the Group Receiver Member based on group.

· Information interactions amongst interferences M2, M3, Sm, Sgi-mb/SGmb and GC2 are also needed in order to transfer the number of Group Receiver Member in each cell from eNB to GCSE AS.

The above analysis can be summarized in the following table:
                                                          Table1.  Options comparisons

	
	Option1
	Option2
	Option3
	Option4

	Suitable for unicast to multicast switching
	Y
	Y
	Y
	Y

	Suitable for multicast to unicast switching
	Y
	Y
	Y
	Y

	Impacted interface
	GC1


	Rx
	M2, M3,Sm, Sgi-mb/SGmb,GC2
	M2, M3,Sm, Sgi-mb/SGmb,GC2

	Specification effort on radio interface
	N
	N
	N
	TMGI should be included in MBMS Interest Indication msg.

	UE should keep in RRC connected state
	Y or N depends on whether radio signaling overhead is high
	Y
	Y
	Y

	Delay for acquiring the number of Receiver Group Member per cell
	Quick
	Quick
	Slower


	Quick


According to the above table, the main difference between the above four options is the number of impacted interface. Option1/2 is more preferable than Option3/4 because Option1/2 only impact one interface. For Option1 and Option2, the impacted interface is beyond RAN scope, it had better let SA2 to make decision.

Proposal5: Send LS to request SA2 to choose one from the following two options as the final solution for GCSE AS acquiring the Group Receiver Member in a cell.

· Option1:  UE reports the location to the GCSE AS through GC1 interface.

· Option2:  MME reports the UE location to the GCSE AS.

3. Conclusion

According to the analysis in section 2, it is proposed:
Observation1: The configured MBSFN subframes may be wasted if it takes a long time to start the group communication packet transmission after the eMBMS bearer is established.
Observation2: The different traffic characteristics between the public safety services and legacy MBMS services may lead to resource waste due to limited data transmission and more IP header overhead.

Observation 3: If the MBSFN area(s) does not match with the group communication geography, it may lead to resource waste.

Observation4: If the number of Group Receiver Member is small, using eMBMS will lead to resource waste.
Proposal1: Suggest capturing the above analysis on eMBMS resource efficiency into TR 36.868.

Proposal2:  Header compression (U-mode) should be supported for group communication via eMBMS.
Proposal3:  Cell based unicast/multicast switching should be supported for resource efficiency.

Proposal4: GCSE AS is responsible for deciding the network triggered unicast/multicast switching.

Proposal5: Send LS to request SA2 to choose one from the following two options as the final solution for GCSE AS acquiring the Group Receiver Member in a cell.

· Option1:  UE reports the location to the GCSE AS through GC1 interface.

· Option2:  MME reports the UE location to the GCSE AS.
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