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1   Introduction
At RAN#66, a new Study Item on “Support of Single-cell PTM transmission in LTE” was approved [1]. The objective of this Study Item is to investigate technical solutions for SC-PTM transmission. As kick-off, in this contribution we will first discuss some observations based on the SC-PTM SID, which should be taken as the basis for subsequent discussions. We will then discuss the general aspects which will impact the design of detailed solutions. For aspects that require the coordination with other WGs (e.g. SA2, RAN3), we propose to send an LS to them to initiate the study with their expertise.
2   Background
2.1   System architecture
The following sentence is included in the objective part of the SC-PTM Study Item description [1]: 
Solutions should reuse the existing MBMS system architecture and focus on the radio efficiency improvement.
This means, for SC-PTM, we will keep the current MBMS nodes (i.e. BM-SC, MBMS-GW, MCE), as well as the interface between these nodes (i.e. M1, M2, M3). Enhancement will focus on how to carry MBMS bearers over PDSCH instead of PMCH in the radio interface, as shown in Figure 1.
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Figure 1: SC-PTM system architecture
Observation 1: SC-PTM will rely on the existing MBMS system architecture, i.e. keep the current MBMS nodes as well as the interface between these nodes, and focus on how to carry MBMS bearers over PDSCH instead of PMCH in the radio interface.

2.2   UE location awareness
The following sentence is included in the objective part of the SC-PTM Study Item description [1]: 
In line with the current assumptions in the Rel-12 and Rel-13 GSCE work, methods for the UE to report its location information and interest information to the network, so that traffic data could be routed towards the cell that UE locates, are left to application layer.
This means, it is the GCS AS (i.e. Application Server) who decides the target cell(s) under which MBMS bearer is established, since the GCS AS knows the position of all the group members. Therefore, in this Study Item, we don’t need to study any AS layer solution (e.g. MBMS counting enhancement) or NAS layer solution (e.g. TAU report at every cell change) for UE location awareness for SC-PTM.
Observation 2: The application server knows the UE location via application layer signalling, and it is not necessary to study any AS layer solution or NAS layer solution for UE location awareness in this Study Item. 
3   Discussion
3.1   Supported RRC states
As described in TS 22.468 [2], for critical communications, the number of Receiver Group Members in any area may be unlimited (e.g. 36 simultaneous groups involving 2000 users in an area). 
It is no doubt that SC-PTM operation should be supported in RRC_CONNECTED. However, due to the eNB processing capability limitation, the supported number of users in RRC_CONNECTED will be limited. In order to provide services for a massive number of users for critical communications, SC-PTM operation should be supported in RRC_IDLE as well.
Proposal 1: Support SC-PTM in both RRC_IDLE and RRC_CONNECTED.
3.2   Coordination with SA2 and RAN3
The Study Item “Study on MBMS Enhancements” [3] is ongoing in SA2, and one of the objectives is as follow:
Study possible improvements to allow establishment of MBMS bearers using target area information (e.g. a list of cell identifiers), as distinct from using an MBMS Service Area.
Note: The mentioned improvements have impact to RAN, thus work on this objective requires coordination with RAN working groups. Solutions for this objective are supposed to have no UE impacts and are backward compatible to existing MBMS in a way that they do not change the MBSFN area concept.

With the target area information (e.g. a list of cell identifiers) provided by GCS AS, MBMS bearer(s) for one group could be established towards the MBSFN area where the group members locate (i.e. MBSFN Area 2 in Figure 2) rather than towards all the MBSFN areas within the MBMS Service Area for that group (i.e. MBSFN Area 1, 2 and 3 in Figure 2).
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Figure 2: Target area selection

For SC-PTM, it seems that the outcome of the SA2 Study Item “Study on MBMS Enhancements” could be reused. In this case, GCS AS also needs to provide a list of cell identifiers to the BM-SC as the target area information, and the list cell identifiers is the cells on which GCS AS wants to setup the MBMS bearer(s) for group communication because e.g. multiple group members are located in these cells. Then, eNB will establish the MBMS bearer(s) and perform the SC-PTM transmissions exactly on these cells and no other cells (i.e. Cell 2 in Figure 2). 

When asking SA2 and RAN3 to analyse the potential impacts on architecture and network interface for SC-PTM, it is beneficial to ask them to consider SC-PTM in the scope the SA2 Study Item “Study on MBMS Enhancements”, so that 3GPP could develop the architecture common for group communications over MBSFN and over SC-PTM.
Proposal 2: Ask SA2 and RAN3 to analyse the potential impacts on architecture and network interfaces for SC-PTM, so that eNB could know exactly the cell(s) on which eNB should establish the MBMS bearer(s) and perform the SC-PTM transmissions and no other cells. 
3.3   High level procedures for SC-PTM
After GCS AS requires the establishment of MBMS bearers for group communication, assuming MCE is the node to select between MBSFN and SC-PTM for MBMS bearers to be transmitted in the air interface (as MCE knows the eNBs capabilities about MBSFN and SC-PTM, MBSFN area configurations, etc), Figure 3 illustrates the high level procedures for SC-PTM transmission.
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Figure 3: High level procedures for SC-PTM
· Step 1: UE reports its location information (e.g. ECGI of the current cell) to the GCS AS via application layer signalling, e.g. when the UE joins the GCSE group or when the UE location is changed.
· Step 2/3: According to the group member distribution for one group, for cells where multiple group members are located, GCS AS requires BM-SC to establish MBMS bearer(s) for group communication, and a list of cells is provided to the BM-SC as the target area information.  
· Step 4: Appropriate MME/MBMS-GW/MCE node(s) are selected according to the cell list information provided by GCS AS. 
· Step 5: MCE decides to use SC-PTM to carry the MBMS bearer(s) in the air interface, based on e.g. eNB capabilities, or O&M configuration.
· Step 6: MCE sends the MBMS Session Start Request messages to the concerned eNB(s), according to the cell list information provided by GCS AS.
· Step 7: Upon the reception of the MBMS Session Start Request messages, the concerned eNBs set up the MBMS bearer on the concerned cell(s) and updates the SC-PTM configuration. The concerned eNBs also joins the transport network IP multicast.
· Step 8/9/10: Response messages to inform upstream nodes of the cells on which the MBMS bearer was successfully established.
· Step 11/12: UE starts the SC-PTM reception. 
Proposal 3:  Discuss the high level procedures as described in Figure 3.
3.4   Mapping of MBMS bearers to group-RNTIs
For SC-PTM, MBMS bearer is broadcast over PDSCH and the corresponding DL assignments will be provided by PDCCH/EPDCCH. While unicast transmission is indicated with a UE specific RNTI, SC-PTM transmission would be indicated by an identifier common to a group of UEs, which is called "group-RNTI" in this contribution. In order to allow group members to receive MBMS bearers over PDSCH, upon the reception of MBMS Session Start Request message from the MCE for one group, the eNB should broadcast the TMGI and the group-RNTI for this group. UE knows the TMGI(s) for its group(s) via USD, as in Rel-12/13 GCSE. 
Ideally, there could be one Group-RNTI per TMGI (as shown in Figure 4a), which allows the maximum flexibility and efficiency for SC-PTM transmission. For example, using a specific group-RNTI for each TMGI could be beneficial for group specific link adaptation and transmission if UL feedback is supported for SC-PTM. However, the actual benefits of group specific link adaptation largely depend on the number of UEs in each group. Also, using a specific group-RNTI for each TMGI could be beneficial as the UE would only decode PDSCH when PDCCH indicates one MBMS bearer that it wants to receive. However, this also means one TB for each group-RNTI, and the UE may have to decode multiple TBs in one subframe as group communication requires one UE to receive multiple groups simultaneously. In this case, extra complexity will be requested to the UE for procedures after the post FFT buffering, e.g. turbo decoding. 
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Figure 4a: one-to-one mapping 







Figure 4b: all MBMS bearers

between MBMS bearers and group-RNTIs   



mapped to a single group-RNTI
A possibility to reduce the UE complexity for SC-PTM is to use a single group-RNTI and all the MBMS bearers are mapped to this group-RNTI (as shown in Figure 4b). This approach even enables low complexity UEs (e.g. MTC UEs) to enjoy the benefits provided by SC-PTM. Obviously, if the eNB wants to schedule multiple groups in one subframe, those groups need to be multiplexed together into one MAC PDU. This is similar to the case of MBSFN transmission where there is only one TB transmitted in one subframe potentially with multiple MBMS bearers multiplexed. The problem of this approach is that UE has to decode every SC-PTM transmission before it knows whether the SC-PTM transmission is for the MBMS bearers of interest. Nevertheless, from UE battery efficiency perspective, this may not be a problem compared to the multiple group-RNTIs approach where UE only needs to monitor PDCCH to find the MBMS bearers of interest, because anyway UE needs to wake up and buffer all the radio resources of the system bandwidth. For single group-RNTI, with an indication of the SC-PTM reception status from the UE, eNB could take the UE capability into account for the SC-PTM scheduling if the UE is in RRC_CONNECTED. If one UE has the capability to process multiple TBs in one subframe (e.g. due to the capability of MIMO and/or CA in DL), eNB will still have the opportunity to schedule both unicast and SC-PTM in the same subframe for the UE. 
Proposal 4:  Discuss the possible options to map MBMS bearers to group-RNTIs and choose the appropriate one.
4   Conclusion
In this contribution, as the kick-off, we first had the following observations based on the SC-PTM Study Item description, which should be taken as the basis for subsequent discussions:

Observation 1: SC-PTM will rely on the existing MBMS system architecture, i.e. keep the current MBMS nodes as well as the interface between these nodes, and focus on how to carry MBMS bearers over PDSCH instead of PMCH in the radio interface.

Observation 2: The application server knows the UE location via application layer signalling, and it is not necessary to study any AS layer solution or NAS layer solution for UE location awareness in this Study Item. 

Then, we discussed general aspects as well as the aspects that require the expertise of other WGs, and we propose:

Proposal 1: Support SC-PTM in both RRC_IDLE and RRC_CONNECTED.

Proposal 2: Ask SA2 and RAN3 to analyse the potential impacts on architecture and network interfaces for SC-PTM, so that eNB could know exactly the cell(s) on which eNB should establish the MBMS bearer(s) and perform the SC-PTM transmissions and no other cells. 
Proposal 3:  Discuss the high level procedures as described in Figure 3.
Proposal 4:  Discuss the possible options to map MBMS bearers to group-RNTIs and choose the appropriate one.

The draft LS to SA2 and RAN3 is provided in [4].
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