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1. Introduction
RAN#68 approved the new work item on support of single-cell point-to-multipoint transmission in LTE [1], which would be built on the corresponding study item. In RAN2#90, the framework of SC-PTM radio interface was agreed [2]; 
	Agreements
1
As a baseline, assume that SC-PTM transmission uses a common Group-RNTI used on PDCCH and PDSCH in regular unicast subframes.

2
Use one G-RNTI per TMGI and thus, per user group.

3
Use SC-PTM specific MCCH (SC-MCCH) to signal the TMGI to G-RNTI mapping.

4
Use SC-RNTI to identify the PDCCH that contains scheduling information for SC-MCCH.

5
System information contains SC-MCCH configuration.




In this contribution, the details for radio interface enhancements including user plane and control plane are discussed and evaluated to support effective SC-PTM transmission. 
2. Discussion
2.1. User plane aspects
In RAN2#89, some companies pointed out that RAN2 had previously agreed but eventually removed the outlines of SC-PTM transmission in Rel-8 discussions [4]

 REF _Ref414300105 \w \h 
[5]. We think the descriptions in TS36.300 V8.9.0 are still useful even if the use cases and assumptions may be different from Rel-8’s one, e.g., applications to group/critical communications. Especially, the following sentences can be reused as the baseline of SC-PTM transmission, from L2 U-plane perspective [6]; 
	15.3.2    Single-cell transmission

Single-cell transmission of MBMS is characterized by:

[…] 

-
MTCH and MCCH are mapped on DL-SCH for p-t-m transmission;

[…] 

-
Multiple UEs can […], and HARQ retransmissions are made on DL-SCH using a group (service specific) RNTI in a time frame that is co-ordinated with the original MTCH transmission. All UEs are able to receive the retransmissions and combine them with the original transmissions at the HARQ level.

[…]

For single-cell transmission, an eNB is not required to comply with the stringent timing requirements indicated by SYNC protocol. The following principles still applies for the single transmission:
[…]

3. 
The segmentation/concatenation is needed for MBMS packets and should be totally up to the RLC/MAC layer in eNB, without taking into account any indication in the SYNC protocol.


In Rel-8 discussion, the MTCH was assumed to be mapped on DL-SCH after segmentation/concatenation in RLC, and the DL-SCH was identified by a group RNTI (G-RNTI) which was allocated to specific service (i.e., TMGI). The assumption is well aligned with the agreements in the study phase [2], while it has not been discussed how RLC should be handled in Rel-13 so far. Under the assumption, it may be useful to assign a single RLC to a specific TMGI, so one TMGI should be allocated to a specific LCID. In addition, similar to the existing MBMS, the RLC corresponding to SC-PTM should be only applicable to the UM mode. The handling of MAC (especially HARQ) will depend on the LS response with regard to PHY feedbacks, so the decision should be kept as FFS. 
Observation 1 An MBMS service is allocated to an RLC UM entity with an LCID. 
The handling of MAC (especially HARQ) is discussed in [3]. 
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Fig. 1
L2 structure with SC-PTM transmission (U-plane)
2.2. Control plane aspects 
As agreed in RAN2#90 [2], the control information to receive SC-PTM transmission is provided with two steps mechanism as similar to the existing MBMS reception, i.e., the SIB provides the SC-MCCH configuration as the first step and then the SC-MCCH provides SC-PTM information as the second step. In addition, the SC-MCCH and SC-PTM are mapped to DL-SCH and indentified by SC-RNTI and G-RNTI respectively. 
Several companies suggested the information necessary for the reception of SC-PTM transmission in RAN#89, #89-bis and #90 [7]

 REF _Ref423087512 \w \h 
[8]

 REF _Ref423087515 \w \h 
[9]

 REF _Ref423087517 \w \h 
[10]

 REF _Ref413786371 \w \h 
[11]

 REF _Ref423087521 \w \h 
[12]

 REF _Ref423087523 \w \h 
[13]

 REF _Ref423087524 \w \h 
[14]

 REF _Ref423087525 \w \h 
[15]

 REF _Ref423087526 \w \h 
[16]

 REF _Ref423087530 \w \h 
[17]. Other than already agreed contents [2], the possible information may be summarized as follows: 
· The mapping of TMGI (and G-RNTI) to LCID (and optionally session ID) 
· Scheduling information (e.g. time/frequency resource, MCS, modification/repetition period.)

· Change notification
In the following sections, it’s discussed which information is provided in which signalling. 

2.2.1. Mapping of TMGI to LCID and optionally session ID 
The mapping of TMGI to G-RNTI was already agreed to be provided in SC-MCCH. However, the mapping information for LCID was not discussed yet. It could be considered whether the SC-MCCH provides this information in addition to the mapping of TMGI to G-RNTI.  With regards to the session ID, it could also be provided in SC-MCCH for compliance with the objective that SC-PTM transfers the MBMS session data over a single cell using PDSCH [1], since it is expected the UE shall inform upper layers about the establishment of the MRB by indicating the corresponding tmgi and sessionId [18]. 
Proposal 1 SC-MCCH should also provide the mapping of TMGI to LCID and optionally session ID. 
2.2.2. Scheduling information
2.2.2.1. Time/frequency resource and MCS 
With regards to the time/frequency resource and MCS for PDSCH conveying both SC-MCCH and SC-PTM, PDCCH should provide the scheduling information associated with the allocated PDSCH resource as it is today. 
Proposal 2 PDCCH should provide the detailed information of resource allocation, such as time/frequency resource and MCS. 
Additionally, UEs in DRX need to only know occasions for SC-MCCH and SC-PTM in order to wake-up for a minimum period of time, similar to the case for MBSFN subframes. The UE may monitor PDCCH as needed in the subframe occasions for SC-MCCH or SC-PTM independent of the existing Idle/Connected mode DRX (e.g., if the UE is interested in the SC-PTM corresponding to the TMGI), as suggested in [16]

 REF _Ref423095137 \w \h 
[20]. 
Proposal 3 To realize the efficiency of DRX, RRC should provide the subframe occasions of SC-MCCH and SC-PTM transmission. 
Proposal 4 The UE may monitor PDCCH in the subframe occasions for SC-MCCH or SC-PTM reception, independent of the existing Idle/Connected mode DRX. 
If Proposal 3 and Proposal 4 are agreeable, it’s natural that the subframe occasions for SC-MCCH andSC-PTM are independently provided in SIB and in SC-MCCH respectively, i.e., there is no relation between the SC-MCCH occasions and the SC-PTM occasions. 
Proposal 5 The subframe occasions for SC-MCCH and the subframe occasions for SC-PTM are independently provided in SIB and in SC-MCCH respectively. 
2.2.2.2. Modification/repetition periods 
The modification and repetition periods of SC-MCCH are beneficial in controlling the latency of the new bearer setup and for allowing new UEs to join an on-going session with SC-PTM, as suggested in [16].  Within the modification period, the contents in SC-MCCH should not be changed so that the UE may skip the monitoring of PDCCH once it receives SC-MCCH in order to reduce power consumption. This is similar to the existing mechanism with MCCH. So, the modification period of SC-MCCH should be provided in SIB to the UE. 
Proposal 6 The modification period should be provided in SIB. 
Regarding the repetition period, if Proposal 5 and Proposal 6 are agreeable, it’s obvious that SC-MCCH is repeated in each SC-MCCH subframe occasion within the modification period. So, the explicit repetition period of SC-MCCH is not necessary. 
Proposal 7 The repetition period is not necessary to be provided explicitly, if Proposal 5 and Proposal 6 are agreeable. 
2.2.3. Change notification 
The change notification of SC-MCCH may be assumed to be provided repeatedly within the modification period in advance of SC-MCCH change. Unless the UE receives the change notification, it may skip the monitoring of PDCCHs for SC-MCCH within the next modification period, which helps to reduce UE power consumption.  The change notification is especially helpful to Idle UEs, since the UE would otherwise have to monitor SC-MCCH every 40 [ms] to fulfill the evaluation assumption in section 6.1.2.2 of [19], which causes significant power consumption compared to a typical paging cycle of 640 [ms] (rf32~rf256 [18]), as pointed out in [16] and discussed in RAN2#90 [2].  Therefore, the change notification should be introduced and informed in the paging message. 
Proposal 8 The change notification of SC-MCCH should be informed in the paging message. 
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Fig. 2
SC-MCCH Modification period, Change notification 
and Subframe occasions (instead of repetition period)
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Fig. 3
L2 structure with SC-PTM transmission 

2.2.4. Proposed procedure 
Fig. 4 describes a signalling procedure including the configurations discussed above. The descriptions of each step are provided as follows; 
Step 1
The MCE decides whether an MBMS service is to be provided over SC-PTM. 
Step 2
SIB13 or a new SIB provides the subframe occasions and modification period for the SC-MCCH. 
It’s FFS whether this SIB should also provide further information, e.g., the service continuity solution identified in [19] or “TMGIs currently provided over SC-PTM” which triggers the UE interested in the TMGI to acquire SC-MCCH.  
Step 3
Paging is used to inform IDLE UEs of any change notification. 

Step 4
The UE may not be required to monitor SIB13 or the new SIB once it acquires SC-MCCH, unless SIB update is performed.  The UE is only required to monitor SC-MCCH once within each SC-MCCH modification period, similar to the existing MCCH. This allows the UE to reduce power consumption. 

Step 5
The serving cell determines the subframe occasions for the scheduling of SC-MCCH and modifies the contents according to the modification period. 
Step 6
Within the subframe occasions for SC-MCCH, the eNB transmits PDCCH scrambled with SC-RNTI which may be predefined and common value for all UEs, similar to P-RNTI. The PDCCH indicates the RBs allocated within PDSCH. 

Step 7
The eNB transmits within PDSCH the SC-MCCH contents which include the mappings of TMGIs to G-RNTIs, which allows the UE to determine which G-RNTI is allocated to the TMGI of interest. Additionally, the mappings of TMGIs to LCIDs and optionally session ID are also included.
The SC-MCCH also includes the SC-PTM occasions which indicate the subframes scheduled for SC-PTM transmission for each TMGI, similar to MBSFN subframe configuration. By providing the SC-PTM occasions, the UE will not need to monitor all subframes in case the UE is only interested in SC-PTM transmissions.
Step 8
The eNB performs scheduling of SC-PTM.

Step 9
Within the SC-PTM occasion, the eNB transmits PDCCH scrambled with a G-RNTI corresponding to a specific TMGI. Note that it’s up to the eNB whether the SC-PTM resource is actually allocated, and it’s indicated by corresponding PDCCH availability as it is today. 
Step 10
The eNB transmits PDSCH conveying SC-PTM corresponding to the TMGI. 
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Fig. 4
Control plane procedure 
Proposal 9 The above procedure and steps should be captured in the running CR. 
3. Conclusion 
In this paper, the outline of L2 structure for SC-PTM user plane is discussed according to current agreements and conclusions. For the control plane, the necessary information and mechanisms are summarized based on the existing proposals and evaluated. In addition, the detailed signalling procedure is provided as a baseline for this study.   RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
An MBMS service is allocated to an RLC UM entity with an LCID.
Proposal 1
SC-MCCH should also provide the mapping of TMGI to LCID and optionally session ID.
Proposal 2
PDCCH should provide the detailed information of resource allocation, such as time/frequency resource and MCS.
Proposal 3
To realize the efficiency of DRX, RRC should provide the subframe occasions of SC-MCCH and SC-PTM transmission.
Proposal 4
The UE may monitor PDCCH in the subframe occasions for SC-MCCH or SC-PTM reception, independent of the existing Idle/Connected mode DRX.
Proposal 5
The subframe occasions for SC-MCCH and the subframe occasions for SC-PTM are independently provided in SIB and in SC-MCCH respectively.
Proposal 6
The modification period should be provided in SIB.
Proposal 7
The repetition period is not necessary to be provided explicitly, if Proposal 5 and Proposal 6 are agreeable.
Proposal 8
The change notification of SC-MCCH should be informed in the paging message.
Proposal 9
The above procedure and steps should be captured in the running CR.
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