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1. Introduction
Group communication is a new service for LTE. It enables new business opportunities for LTE on e.g. public safety, PTT. 
SA1 defined requirements for GCSE_LTE (group communication system enabler for LTE) in TS 22.468 [1]. SA2 has been studying the GCSE over LTE architecture in TR 23.768 [2]. Pre-configured eMBMS bearer and EPS bearer were identified by SA2 as candidate solution of group communication in [2], as show in figure below.
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Figure 1‑1 GCSE over pre-configured eMBMS architecture
This paper describes the GC over pre-configured eMBMS with more RAN details and analyzes the requirements compliance of the solution.
2. GC over pre-configured eMBMS
In group communication, media content is broadcasted to all the UEs of the group. eMBMS is a straightforward solution to carry the broadcast/multicast type group communication. Pre-configured eMBMS saves the group call setup time. The subframe(s) configured for MBSFN can be reused for TM9 and TM10 unicast transmission if not all MBSFN subframes allocated in MCCH are needed for transmission of MBMS services. So, pre-configured eMBMS doesn’t lead to radio resource waste if the MBSFN component cells have sufficient TM9/TM10 capable UEs. Pre-configured eMBMS can be widely deployed as coverage layer of group communication.
Observation 1: Pre-configured eMBMS saves group call setup delay and doesn’t lead to radio resource waste if the MBSFN component cells have sufficient TM9/TM10 capable UEs.
Figure 2‑1 shows the procedure of group call over pre-configured eMBMS.
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Figure 2‑1 Group Communication over pre-configured eMBMS
1. Group is managed by GCSE AS. GCSE AS requests BM-SC to assign TMGI to the group.
2. The eMBMS bearer corresponding to the TMGI is pre-established.

3. UE downloads USD of the pre-configured eMBMS bearer in advance. The USD may be received from either eMBMS or unicast bearer.

4. The UE establishes QCI=5 EPS bearer for GCSE signaling and registers to the GCSE AS over the EPS bearer. When the UE registers with the GCSE server, the UE reports its capability and indicates if it is within MBMS coverage. UE may also register to BM-SC for security keys.   
5. The group call session is established in advance. This step is similar to the session establishment procedure of PoC (push to talk over cellular). The unicast EPS bearer is established for future sending and/or receiving (in case of eMBMS bearer is not available) of group communication. UE activities eMBMS receiving by reading SIB2, SIB13, SIB15 and MCCH.
6. When a UE presses PTT button, the UE performs service request procedure to enter RRC_CONNECTED if the UE is in RRC_IDLE.
7. The originating UE sends Floor Request to GCSE AS.
GCSE AS knows whether eMBMS is available from UEs’ location and capability information from step 4. GCSE AS sends Talker Identity to UEs in the same bearer as media, i.e. pre-configured eMBMS bearer (if available) and/or unicast bearer (for UEs not in eMBMS coverage). 

The UEs in eMBMS coverage monitor MSI (MBMS scheduling information) on MCH at the beginning of each MSP (MBMS scheduling period).  The shortest MSP is 80ms in current standard. So, the average user plane delay on eMBMS air interface can be as short as 40ms.
When UE detects scheduling information for the MTCH of the group, UE tunes to the MTCH to receive the Talker Identity message and the following media.

8. The GCSE AS sends Floor Grant to the originating UE. It is up to GCSE AS implementation on the timing of sending Floor Grant. Ideally, the Talker Identity message and the first media packet should be sent by eNB in the same MSP. Otherwise, after Talker Identity is delivered, one more MSP delay is needed for media transmission. 
9. UE sends media to GCSE AS. GCSE AS forwards the media to the eMBMS bearer and/or the unicast bearer(s).
3. Group Communication requirements compliance analysis

The RAN related key requirements identified by SA1 include: call setup delay, radio efficiency and service continuity.
3.1 Call setup delay estimation
Per SA1 requirement in [1], the call setup delay should be less than or equal to 300ms. 
TS 22.468 [1]: “The system should provide a mechanism to support a Group Communication end-to-end setup time less than or equal to 300ms. It is assumed that this value is for an uncontended network, where there is no presence checking and no acknowledgements requested from Receiver Group Member(s). The end-to-end setup time is defined as the time between when a Group Member initiates a Group Communication request on a UE and the point when this Group Member can start sending a voice or data communication.
The time from when a UE requests to join an ongoing Group Communication to the time that it receives the Group Communication should be less than or equal to 300ms”
The call setup delay here refers to the time between originating UE pushes PTT button and downlink is reachable for media. Downlink becomes reachable when UE receives MSI for the MTCH of the group call.
Assumption: the bearer of the talker for UL media transmission has been established in advance.
	Step 
	Description
	Average Time (ms) 


	Comments

	6
	Service Request procedure
	140
	80ms for random access; 60ms for the rest steps.

	7
	Floor Request
	20
	Sending Floor Request

	8
	Floor Grant
	20
	Talk Burst Confirmation

	9
	MSP (Read MSI)
	40
	MSP ranges from 8 frames to 1024 frames. 80ms MSP is assumed here. The balance between UE power consumption and call setup delay can be tuned flexibly by adjusting the length of MSP.

	
	Total
	220
	


Table 3‑1 Call Setup Delay Estimation
Observation 2: Pre-configured eMBMS meets the call setup delay requirement of group communication, and supports flexible balancing between UE power consumption and call setup delay.

3.2 Capacity and efficiency
TS 22.468 [1]: 

· “The system shall provide a mechanism to efficiently distribute data for Group Communication”;

· “The number of Receiver Group Members in any area may be unlimited”
eMBMS supports receiving in idle mode. So, the receiver group member can be unlimited. This requirement is met.
Certainly, the system always has room to further improve the efficiency.
3.3 Service continuity
The service continuity can be supported by eMBMS bearer to unicast bearer switching.

When UE moves outside of eMBMS coverage, the group communication receiving can be switched to unicast bearer. When UE goes back to eMBMS coverage, the receiving can be switched back to eMBMS. The bi-directional switching can be controlled by GCSE AS and UE without E-UTRAN standards impact. Refer appendix for the detailed bearer switch procedures. 
Observation 3: The service continuity can be supported by bearer switching between eMBMS and unicast bearer without E-UTRAN standard change.

Conclusion: Group communication over pre-configured eMBMS could meet the SA1 defined GCSE_LTE requirements without eMBMS standard change.
3.4 User plane delay
SA1 requirement in TS22.468 [1]: The end to end delay for media transport for Group Communications should be less than or equal to 150ms.
	Description
	Average

Time (ms) 


	Comments

	Talker UE ( eNB
	10
	Reference: Annex B.2 of TR 36.912

	eNB(SGW/PGW(GCSE AS(BM-SC
	20
	Backhaul transmission

	BM-SC ( eNB
	40
	Assumes SYNC sequence length = 40ms = MSP/2. The eNB processing time and M1 delay are captured into the 40ms.

	MSP (Read MSI)
	40
	MSP = 80ms

	eNB ( Receiving UEs
	10
	Receiving and processing

	Total
	120
	Meets the SA1 user plane delay requirement


Table 3‑2 User plane delay estimation
Observation 4: Pre-configured eMBMS meets the requirement of user plane delay. 
4.  Limitation of pre-configured eMBMS

Pre-configuration eMBMS is suitable to the scenario where the receiving UEs concentrate in pre-defined geographic area. When UE moves out of area with pre-configured eMBMS, the group communication efficiency would be downgraded. 
5. Conclusion
Observation 1: Pre-configured eMBMS saves group call setup delay and doesn’t lead to radio resource waste if the MBSFN component cells have sufficient TM9/TM10 capable UEs.
Observation 2: Pre-configured eMBMS meets the call setup delay requirement of group communication, and supports flexible balancing between UE power consumption and call setup delay
Observation 3: The service continuity can be supported by bearer switching between eMBMS and unicast bearer without E-UTRAN standard change.
Observation 4: Pre-configured eMBMS meets the requirement of user plane delay. 
Conclusion: Group communication over pre-configured eMBMS could meet the SA1 defined GCSE_LTE requirements without eMBMS standard change.
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7. Appendix
Section 6.1.2.2 of TR 23.768 v040 regarding service continuity:
6.1.2.2 Service continuity during unicast and MBMS switching

6.1.2.2.1 General

The section provides flows for switching from MBMS to unicast and vice-versa.

6.1.2.2.2 Switching from MBMS to unicast - make-before-break

Figure 6.1.2.2.2-1 shows the procedures for service continuity when the UE is about to move from a cell (eNB1) transmitting (e)MBMS bearer service to a cell (eNB2) which does not transmit the same (e)MBMS service, i.e. when the UE is about to move out of MBSFN area. 
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Figure 6.1.2.2.2-1: Service continuity when moving out from eMBMS coverage (Make-Before-Break)
The following steps are performed:

· In Step 1 the group call is on going. The UE receives the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service.

· In Step 2, for make-before-break switching procedures, the UE detects that it is about to move out from the eMBMS coverage through the following implementation-specific methods (but not limited to):

· The UE detects that MBSFN signal strength becomes weak; 

· The UE detects that packet data loss rate is increased. 

Editor’s note: It is FFS whether UE can reliably detect that it is moving out of MBSFN coverage by measuring MBSFN signal strength or packet error rate.

· In Step 3, If the UE is in idle state, the UE enters connected state by performs RRC connection procedures with eNB1.

· In Step 4, the UE indicates the GCSE-AS that it is moved out from the eMBMS coverage through application signalling. 

· In Step 5, the GSCE-AS sends ack to the UE through application signalling.

· In Step 6, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB1.

· In Step 8, the UE is handoff from eNB1 to eNB2.

· In Step 9, the UE receives the GC service data/media from the content provider (GCSE-AS) via the unicast bearer through eNB2.

· In Step 10, the UE stops receiving current MTCH and continues receiving SIBs.

6.1.2.2.3 Switching from MBMS to unicast - Non make-before-break

Figure 6.1.2.2.3-1 shows the procedures for service continuity when the UE moves from a cell (eNB1) transmitting (e)MBMS bearer service to a cell (eNB2) which does not transmit the same (e)MBMS service, i.e. when the UE moves out of MBSFN area. 

Editor’s Note: It is FFS if the non make-before-break can satify the service continuity requirements.
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Figure 6.1.2.2.3-1: Service continuity when moving out from eMBMS coverage (non make-before-break)

The following steps are performed:

· In Step 1 the group call is on going. The UE receives the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service.

· In Step 2, the UE detects that it is already moved from eNB1 to eNB2 which doesn’t support GC service data/media over the MBMS session by monitoring SIB (SIB2/SIB13/SIB15 etc.) messages or MCCH. 

· In Step 3, the UE enters Connected State if the UE is in Idle State.

· In Step 4, the UE indicates the GCSE-AS that it is moved out from the eMBMS coverage through application signalling. 

· In Step 5, the GSCE-AS sends ack to the UE through application signalling.

· In Step 6, the UE receives the GC service data/media from the content provider (GCSE-AS) via an EPC unicast bearer through eNB2.

-
In Step 7, the UE continues receiving the SIB messages.

6.1.2.2.4 Switching from unicast to MBMS

Figure 6.1.2.2.4-1 shows the procedures for service continuity when the UE moves into MBMS coverage. 
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Figure 6.1.2.2.4-1: Service continuity when moving into eMBMS coverage

The following steps are performed:

· In Step 1 the group call is on going. The UE is in connected state and receives the GC service data/media via an unicast bearer through eNB2 which doesn’t support MBMS.

· In Step 2, the UE is handoff from eNB2 to eNB1 which supports MBMS and the UE continues to receive the GC service data/media via theunicast bearer through eNB1.

· In Step 3, the UE detects that it is moving into the eMBMS coverage by monitoring SIB (SIB2/SIB13/SIB15 etc.) messages or MCCH.

· In Step 4, the UE performs service discovery procedures if needed. The UE receives USD from eMBMS channel or from unicast channel.

· In Step 5, the UE performs MBMS service registration procedures and receive MBMS service key if needed.

· In Step 6, the UE receives the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service. 

· In Step 7, the UE indicates the GCSE-AS that it is moved into the eMBMS coverage through application signalling.

· In Step 8, the GSCE-AS sends an ack to the UE through application signalling.

· In Steps 9, the GCSE- AS stops sending the GC service data/media via an EPC unicast bearer. The unicast bearer can be released.

-
In Step 10, the UE continues to receive the GC service data/media from the content provider (GCSE-AS) via an eMBMS bearer service.
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