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1 Introduction

Single-cell PTM (SC-PTM) transmission has been proposed in the new Study Item [1] as a means to improve radio efficiency for critical communication. Although the intention of the SI is to reuse the existing eMBMS/GCSE architecture as much as possible, it is still necessary to clarify which entity is in charge of selecting the SC-PTM mechanism as the choice for data delivery.  This contribution discusses the various alternatives that should be considered for such a selection.
2 Current architecture for GCSE
Figure 1 shows a high level view of the current architecture for the Rel-12 GCSE [1].
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Figure 1: GCSE network architecture

The current specification [2] assumes that the GCS AS will decide whether the data should be delivered via Unicast or MBMS and it may dynamically decide to use an MBMS bearer service when it determines that the number of UE for a GCS group is sufficiently large within an area (e.g. within a cell or a collection of cells). When MBMS bearer service is used, GCS AS may transfer data from  a GCS group over a single MBMS broadcast bearer. When the GCS AS decides to deliver data over Unicast, this is done through the established EPS bearer, where signalling between the GCS AS and the UE, uplink data and downlink data may be transported. 
With the approved SC-PTM Study Item [1], the focus is on the study of a technical solution for radio efficiency enhancements in E-UTRAN. In particular, one of the objectives of the work item is for the UE to receive the DL multicast over PDSCH that is intended for a group of users with common interests.  However, before RAN2 considers the enhancement needed for E-UTRAN, there should be a common understanding on what is expected from the GCS AS, BM-SC, their interactions with the E-UTRAN and any possible signalling needed to support the SC-PTM transmissions.  In particular, it is necessary to understand which entity or entities should decide when SC-PTM should be utilized.

Observation:
It is necessary to clarify which entity or entities are responsible for determining whether SC-PTM should be used for group communications.
3 Selection of SC-PTM transmission
With SC-PTM as the new delivery mechanism we should first consider whether this delivery mechanism is decided by the GCS AS or some other entity.  If the selection of SC-PTM as the delivery mechanism is decided by the GCS AS then some additional signalling towards the MCE or the S/P-GW may be needed; whereas if the GCS AS does not directly determine the use of SC-PTM, then the decision should be decided by other network entities.  
3.1 Selection of SC-PTM transmission by GCS AS
If the GCS AS directly selects the SC-PTM, this means the GCS AS would need to decide whether data should be delivered to the UE via Unicast, MBMS or SC-PTM.  As pointed out in [2], the current assumptions in the Rel-12 and Rel-13 GCSE assumes the UE may report its location information and interest information to the network, so that traffic data could be routed towards the appropriate cell that UE locates.  So if the interest and location information are both available to the GCS AS, then it may be possible for the GCS AS to determine whether SC-PTM should be selected for data delivery.  
However, even if it is the GCS AS entity that decides whether SC-PTM should be used for data delivery, it is still necessary to decide how this information will be conveyed to the E-UTRAN since the delivery of the data via SC-PTM transmissions may be based on either PDSCH or PMCH.  
If the GCS AS treats SC-PTM transmission as a MBMS-type service and the UEs receive multicast over the PMCH, then it is reasonable to assume that the GCS AS should inform the BM-SC of its intent to use SC-PTM as the delivery mechanism.  Then it is up to the BM-SC to inform the E-UTRAN (through the MB2-C interface) that SC-PTM transmission should be used for data delivery.  

Proposal 1:
If the GCS AS considers SC-PTM as an MBMS-like mechanism using PMCH, it should be possible for the GCS AS to inform the E-UTRAN of the intent to support SC-PTM through the MB2-C interface.  
Alternatively, if the SC-PTM transmission is over PDSCH, the GCS AS may also consider SC-PTM as a collection of Unicast services for multiple UEs and inform the E-UTRAN through the S/P-GW of its desire to use SC-PTM transmissions. Since the resources for PDSCH is controlled by the E-UTRAN, it is conceivable that the control of the delivery mechanism could also be decided by the E-UTRAN regardless of whether it is for one UE or multiple UEs within a serving cell. Therefore, from the perspective of the GCS AS, as long as the data is not to be delivered by MBMS and the GCS AS may bypass the BM-SC and inform the E-UTRAN of the need to support data delivery. More specifically, the GCS AS may have the following two options:  
· Option A-1: The GCS AS informs E-UTRAN of the need to support SC-PTM transmission.

· Option A-2: The GCS AS informs E-UTRAN of the need to delivery data, but the decision of whether to use SC-PTM or Unicast transmission is left for the E-UTRAN to decide.

With Option A-1, since the GCS AS explicitly informs E-UTRAN of the need to support SC-PTM transmission, the data delivery should only be carried out based on SC-PTM and not Unicast and vice versa. Due to the dynamic radio condition and load condition at E-UTRAN, it may not always be possible to apply the transmission mechanism instructed from GCS AS which may lead to reduced efficiency at the radio interface since service continuity must not be compromised. 
With Option A-2, the E-UTRAN would decide between SC-PTM transmission and Unicast transmission. Considering the issue with RRM and the need to support frequent handovers, the choice of the delivery mechanism over the PDSCH should be controlled by E-UTRAN and not the GCS AS. With Option A-2, a new mechanism may be needed for the serving cell to collect the necessary information from its UEs (e.g., TMGI interest indication).
Proposal 2:
If the UE receives DL multicast by PDSCH and the GCS AS considers SC-PTM as a Unicast-like mechanism, the choice between SC-PTM and Unicast should be controlled by E-UTRAN (Option A-2).
3.2 Selection of SC-PTM transmission by BM-SC/MCE
From a different perspective, since SC-PTM transmission is not unlike MBMS in that it is a form of a multicast delivery mechanism, it may be possible for the BM-SC to decide whether data should be delivered via MBMS or SC-PTM transmissions.  This means the GCS AS may function the same as in Rel-12, and only decides between Unicast and MBMS (i.e., SC-PTM is mapped to MBMS).  If the GCS AS determines that many UEs are interested in the same service it may inform the BM-SC of the need to deliver the data via MBMS.  
Once the BM-SC is informed of the need to deliver data, it should decide whether the data should be delivered by MBMS or SC-PTM. In order for the BM-SC to determine which delivery mechanism to use, it will need some feedback from the interested UE.  In particular, the BM-SC needs to determine whether the UEs belong to the same cell or multiple cells.  If the interested UEs are from multiple cells then it may be more efficient to use MBMS whereas if the UEs are all from one cell, then the choice may be for SC-PTM transmissions. To obtain the location information of UEs, one of the following three options may be considered: 
· Option B-1: The BM-SC may obtain the location information from the GCS AS

· Option B-2: The BM-SC in coordination with the MCE may obtain the location information using a mechanism similar to Counting Request.

· Option B-3: The BM-SC may request E-UTRAN to determine the number of UEs served by the same cell.  
With Option B-1, it is assumed that the GCS AS will be able to obtain the UE’s location information through the application layer so this information may be shared with the BM-SC.  Considering the possibility of frequent handovers especially with the deployment of many small cells, it should be considered how often the UE needs to provide updates to its current location.  

With Option B-2, the BM-SC could coordinate with the MCE to use a method similar to the Counting Request to determine how many UEs are interested in the same service belonging to the same cell.  The advantage of this approach is that much of the existing mechanism for MBMS may be reused.
With Option B-3, a new mechanism will be needed for the serving cell to collect the necessary information from its UEs (e.g., TMGI interest indication).  The collected information may be transferred to the BM-SC but it may also be necessary to transfer to the target cells to support service continuity since it cannot be assumed that neighbour cells would also broadcast the same content using SC-PTM as in the case for MBMS.  
Proposal 3:
If the BM-SC selects SC-PTM, how the BM-SC decides between MBMS and SC-PTM should be further clarified.
3.3 Support for SC-PTM within the GCSE_LTE architecture
As discussed above, several of the options and proposals above involve changes to the inter-node signalling within the GCSE_LTE architecture. The decision on what changes may be needed should not be considered independently of the radio aspects in the E-UTRAN. In particular, if SC-PTM is realized through PDSCH rather than PMCH, the E-UTRAN should have direct control over the use of SC-PTM. Once the decision is made on how SC-PTM is to be supported in E-UTRAN, RAN2 should inform SA2 and RAN3 on its recommendation on how SC-PTM transmission may be selected.
Proposal 4:
RAN2 should inform SA2 and RAN3 regarding the basis for SC-PTM selection from RAN2’s perspective.
4 Conclusion
With the addition of the SC-PTM transmission mechanism, it is necessary to determine the overall structure of how SC-PTM transmission may be selected. In particular, the decision for using SC-PTM transmission may rest with the GCS AS, BM-SC, E-UTRAN or a combination of the entities.  We have the following observation and proposals.
Observation:
It is necessary to clarify which entity or entities are responsible for determining whether SC-PTM should be used for group communications.

Proposal 1:
If the GCS AS considers SC-PTM as an MBMS-like mechanism using PMCH, it should be possible for the GCS AS to inform the E-UTRAN of the intent to support SC-PTM through the MB2-C interface.
Proposal 2:
If the UE receives DL multicast by PDSCH and the GCS AS considers SC-PTM as a Unicast-like mechanism, the choice between SC-PTM and Unicast should be controlled by E-UTRAN (Option A-2).
Proposal 3:
If the BM-SC selects SC-PTM, how the BM-SC decides between MBMS and SC-PTM should be further clarified.
Proposal 4:
RAN2 should inform SA2 and RAN3 regarding the basis for SC-PTM selection from RAN2’s perspective.
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