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Abstract of the contribution: This paper analyses the architecture options of SC-PTM based group communication system.
1. Introduction
SC-PTM (Single Cell Point to Multi-point) is a R13 study item [1] led by RAN2. The primary use case of SC-PTM is group communication. SC-PTM may be more efficient than eMBMS/MBSFN in some scenarios, e.g.:

· eNBs are not synchronized

· Receiving UEs are distributed in a few disjoint cells of MBSFN area. 

SA2 and RAN3 were asked by RAN2 in LS S2-150726 [4] for: 

· What information could be provided so that the eNB can know which MBMS service(s) to provide in which of its cell(s) 

· Which node determines whether to use SC-PTM or MBSFN. 
In this contribution, we discuss the architecture of PTM, particularly supporting GCSE traffic over PTM and propose a draft reply to RAN2. 

2. Information for Bearer type decision

GCSE traffic could be carried over unicast, MBMS using MBSFN or SC-PTM. 

In R12, SA2 has decided that GCS-AS determines bearer type between unicast and broadcast [2].
Observation 1: For GCSE, bearer type selection between unicast and broadcast (MBSFN or SC-PTM) is determined by GCS-AS.
Unicast is efficient when there are only 1~4 UEs receiving the service in disjoint cells [1]. SC-PTM with feedback has similar (or better) performance as unicast even when there are only 1~4 UEs receiving the service. 
Broadcast is efficient when interested UEs are distributed in adjacent cells of MBSFN area. Even if one cell has no interested UE, its signal may be still useful in providing MBSFN gain to neighbor cells if there are interested UEs in neighbor cells. Figure 1 shows an example where broadcast is the optimal bearer type. The UE number of each cell/eNB is specified inside the hexagon.
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Figure 1: Scenario where MBMS/MBSFN is the optimal bearer type
When interested UEs are in disjoint cells, SC-PTM is efficient in the cell with more than 4 UEs [3]. Figure 2 shows an example where unicast and SC-PTM are the optimal bearer types. 

Similar to unicast, SC-PTM also suffers inter-cell interference. But, when inter-eNB synchronization is not supported, broadcast doesn’t work very well in single eNB MBSFN. In this case, SC-PTM may be used too.
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Figure 2: Scenario where SC-PTM and unicast are optimal bearer types
Observation 2: The network should determine the bearer type between MBSFN and SC-PTM based on the location/distribution of receiving UEs.
3. UE location reporting

UE location information can be gathered by the network in different ways.

Application layer solution

When the UE moves to a new cell in terms of either cell reselection/selection or handover, UE reports its location to application server, e.g. GCS-AS by application layer signalling. If UE is in RRC_IDLE, UE shall enter RRC_CONNECTED to send the location reporting to GCS-AS.

Service layer solution – Service layer counting

As part of R12 MooD (MBMS Operation on Demand) WID, the UE reports its location and interest in ADP (associated delivery procedure) consumption report to BM-SC, refer to section 9.4A of 26.346 [5]. To avoid RAN congestion, BM-SC may only require a certain percentage of UEs to report their location and interest.

RAN based solution
For UE in RRC_CONNECTED, eNB knows its interest for a MBMS service from either (RRC) Counting or MBMS Interest Indication. 

GCSE UEs may receive the group call from RRC_IDLE for power saving. However, no RAN based solution was defined for RAN (eNB/MCE) to count the RRC_IDLE mode UEs. When defining (RRC) counting in Rel-10, counting mechanism for RRC_IDLE UEs was not defined due to the concerns of signalling congestion when many UEs initiate random access, and RRC Connection establishment. 
However, it is possible to avoid the signalling congestion issue in counting RRC_IDLE UEs. Here are two examples showing the feasibility of counting RRC_IDLE UEs.
a. Physical layer counting

eNB sends Counting Request via MCCH/GCCH. UE responds counting in term of random access preamble on a shared PRACH. The random access parameters (TMGI/preamble mapping, power, PRACH resource) are sent to UE in system information. From the signal received on the shared PRACH, the eNB knows whether there are UEs receiving the service in the cell. The eNB may further estimate the number or number range of interested UEs by measuring the Rx power and/or power spectrum property. 
b. MBMS Interest Indication for RRC_IDLE UE
When UE reselects a new cell, the UE autonomously enters into RRC_CONNECTED and sends MBMS Interest Indication or Counting Response to the eNB. With proper reason code in RRC Connection establishment, the eNB can release the RRC connection soon after the MBMS Interest Indication. In the application layer solution, after location reporting to GCS-AS, the RRC connection is not released until inactivity timer expires. So, the MBMS Interesting Indication solution is more efficient in power consumption and costs less eNB capacity.
Power consumption estimation

For UE in RRC_CONNECTED, the power consumption is similar for above location reporting solutions. Here we compare the power consumption of location report for UEs in RRC_IDLE.
Table 1: Assumptions for power consumption estimation

	Pc: RRC Connected probability
	0.5

	Rm: Cell changes per min
	1

	Tra: Random Access Duration (sec)
	0.1

	Ta: UE Inactivity timer (sec) 
	8

	N: Average UE number per cell
	N

	Cr: RRC_CONNECTED circuit
	100

	Ci: RRC_IDLE circuit
	1

	Minimal Counting Interval (min)
	1


For application layer solution, the power consumption for location reporting per UE per minute is: (1-Pc) * Rm * (Tra + Ta) * Cr = 405. The power consumption is independent of average UE number per cell. 

In physical layer counting of RAN based solution, eNB performs physical layer counting only when there are no UEs in RRC_CONNECTED. The probability of no UE in RRC_CONNECTED is: (1-Pc) N. So, per UE power consumption is: Tra * Cr * (1-Pc) N. Figure 3 shows the per UE power consumption under different average UE number per cell. 
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Figure 3: Physical layer counting power consumption
Observation 3: RAN based UE location report is much more efficient than application layer location reporting in UE power consumption.

4. Architecture 

In R12, SA2 has decided that GCS-AS determines bearer type between unicast and broadcast. RAN2 #89 discussed the architecture of SC-PTM and agreed “RAN2 assumes that SC-PTM reuses the eMBMS system architecture and acts as a complementary bearer type of eMBMS”. The SC-PTM is a new broadcast bearer type. So, in this paper, we only discuss the bearer type selection between MBSFN and SC-PTM. 

The bearer type may be determined by GCS-AS, BM-SC and RAN (MCE or eNB).
With different UE location reporting mechanisms and different bearer type decision entities, there can be multiple SC-PTM architecture alternatives.

Alternative 1: GCS-AS and CN agnostic 
In this alternative, SC-PTM is transparent to core network and application. Application/GCSE AS doesn’t differentiate SC-PTM and MBSFN. RAN makes decision on the bearer type between MBSFN and SC-PTM based on the RAN based UE location reporting, e.g. counting, MBMS Interest Indication.
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Figure 4: Architecture Alternative 1: GCS-AS and CN agnostic

Step 1-5 are exactly same as GCSE over eMBMS call establishment procedure as defined in [2] in R12. The IP multicast transmission on M1 interface is inherited to SC-PTM.

Alternative 2: SC-PTM aware GCS-AS/BM-SC
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Figure 5: Architecture Alternative 2: GCS-AS and CN aware

In this alternative, UE reports cell level location information to GCS-AS or BM-SC. GCS-AS and/or BM-SC could decide the bearer type between MBSFN, SC-PTM and unicast based on UEs’ location and interest.

The Session Start procedure needs to be enhanced to include the bearer type information and target ECGI list. 

Alternative 3: RAN makes decision based on info from GCS-AS/BM-SC 
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Figure 6: Architecture Alternative 2: GCS-AS and CN aware

In this alternative, UE reports cell level location information to GCS-AS or BM-SC for GCS-AS and/or BM-SC to decide the ECGI list to broadcast. The Session Start procedure needs to be enhanced to include the target ECGI list. 

5. Evaluation

	
	Alt1 (App/CN Agnostic)
	Alt2, Alt3
	Comparison

	RAN Impacts
	Add signalling for SC-PTM configuration;

Enhance service continuity;

Enhance RAN based UE location reporting;
	Add signalling for SC-PTM configuration;

Enhance service continuity


	Alt2/3 is simpler 

	CN Impacts
	No Impact 
	Change CN interfaces to send ECGI list in signalling from BM-SC to eNB via: BM-SC (MBMS-GW(MME(MCE.
Alt2 needs bearer type information in addition.
	Alt1 is better if RAN counting is assumed

	Application Impacts
	No special requirement
	UE reports cell level location information to GCS-AS or BM-SC
	Alt1 is better 

	Air Interface Efficiency
	Counting for RRC_IDLE UEs is performed only when there are no RRC_CONNECTED UEs receiving the service in the cell.
	UE needs to enter RRC_CONNECTED and report cell level location information to GCS-AS whenever cell changes
	Alt1 is better

Alt2/3 requires signalling for UE cell level location information reporting;

Same on user plane;

	Standard Coordination
	Not impact to SA and CT 
	Needs to involve RAN, SA and CT
	Alt1 is better


6. Conclusion
Observation 1: For GCSE, bearer type selection between unicast and broadcast (MBSFN or SC-PTM) is determined by GCS-AS.
Observation 2: The network should determine the bearer type between MBSFN and SC-PTM based on the location/distribution of receiving UEs.
Observation 3: RAN based UE location report is much more efficient than application layer location reporting in UE power consumption. 
Proposal 1: Core network and GCS-AS are agnostic to SC-PTM. Both SC-PTM and MBSFN are using MBMS bearer establishment procedures in core network and GCS-AS.

Proposal 2: RAN makes decision on mapping MBMS bearer to SC-PTM or MBSFN
Proposal 3: Use application or service layer counting as baseline, RAN can investigate whether RAN counting provides benefits for RRC_IDLE UEs in terms of power consumption
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