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1. Introduction
TSG-RAN#66 approved the new study item on support of single-cell point-to-multipoint (SC-PTM) transmission [1]. For the critical communication and the commercial use cases such as top videos/popular apps download, mobile advertising and traffic information for cars, the study item will investigate more flexible/efficient radio interface for group communication, as compared to Rel-12 eMBMS-based mechanism. One of the big challenges of this study item is as the support for “dynamic multicast” over PDSCH, where the objective of study was identified as follows [1]; 
	· Method for UE to receive the DL multicast over PDSCH that is intended for a group of users (i.e. users that have common interest on a particular service/content). 

· Whether HARQ feedback and CSI report are still necessary for single-cell PTM transmission, and if so identify possible solutions.
· Service continuity aspects.


In this contribution, the possible issues with DRX operation are identified from the perspective of SC-PTM reception over PDSCH. 
2. Discussion
2.1. Agreements related to DRX operation
RAN2#89 reached several agreements/conclusions as the result of the initial discussion on SC-PTM transmission. In the agreements/conclusions, some assumptions for DRX operation in this study was found as follows [2][3][4]; 
	=>
In the study we cover IDLE and Connected mode support


	1) RAN2 discussed what gains could be achieved with link adaptation and HARQ (re)transmissions if group members can provide e.g. CSI/HARQ feedback. RAN2 would like RAN1 to evaluate e.g. CSI/HARQ feedback in response to SC-PTM transmissions on PDSCH.


	At RAN2#89, RAN2 discussed the newly approved Study Item “Support of Single-cell PTM transmission in LTE” (see RP-142205), which studies provisioning of multicast via PDSCH on a per cell basis, instead of providing multicast via PMCH over the whole MBSFN area. RAN2 assumes that SC-PTM reuses the MBMS system architecture and acts as a complementary bearer type of MBMS. RAN2 is targeting GCSE requirements (and MCPTT if available) for the SC-PTM transmission.


According to the agreed sentences above, IDLE UEs should decode PDSCH to receive SC-PTM transmission, as well as CONNECTED UEs. Therefore, it should be studied how to ensure SC-PTM reception with DRX operation. 
Observation 1 The UE in both IDLE and CONNECTED mode needs to receive SC-PTM transmission. 
Observation 2 SC-PTM transmission is mapped to PDSCH. 
2.2. PDCCH monitoring opportunity for SC-PTM with DRX
Considering SC-PTM transmission uses PDSCH and should ensure improved radio efficiency [1], it’s natural to assume PDCCH for resource allocation of PDSCH conveying SC-PTM. In this assumption, the following issues such as DRX, and PDCCH monitoring should be considered. 

Compared to eMBMS reception which is performed independently of DRX, one of the challenges in the SC-PTM reception in the connected mode is to allow the reception to work within the existing DRX mechanism. The challenges stems from subframe alignment between DRX and single-cell PTM. While the MBSFN subframes are completely separate from normal subframes, the SC-PTM transmissions occur within normal subframes since it’s mapped to the PDSCH and scheduled by PDCCH. 
In the current idle mode procedure, the UE is required to monitor PDCCH only in the paging occasion which is randomized by UE-ID, while the UE in connected mode is required to monitor PDCCH during Active Time and controlled by the serving cell through dedicated signalling. Further discussion is needed to determine the SC-PTM transmission occasions that would be applicable for all UEs within the same group. In other words, the opportunities for PDCCH monitoring should be aligned for all UEs assigned to the same group. 
Proposal 1 RAN2 should discuss how to provide sufficient opportunities for PDCCH monitoring for all UEs assigned to the same group. 
The following alternatives may be considered; 
· ALT 1: Extend the existing DRX mechanisms in the idle mode and in the connected mode. 

· ALT 2: Introduce a new DRX mechanism independent of the existing DRX mechanisms. 

· ALT 3: Leave up to smart eNB implementation. 
ALT 1 may be considered as the baseline mechanism, although the issue may have impacts on backward compatibility from the eNB’s point of view, i.e., it may be difficult to change the DRX occasions especially in the idle mode. 
ALT 2 may be a simpler way if the DRX rule relates to some sort of group ID, e.g., TMGI or Group-RNTI, although more standardization efforts are expected. 
ALT 3 may be considered the simplest alternative from the standardization perspective. However, it should be considered how the eNB knows the UE-IDs of IDLE UEs belonging to the same group and how the paging occasions should be aligned to the DRX OnDurations for all UEs in the connected mode. 
Due to the difficulty in supporting all UEs interested in the data delivery in ALT 3 and the impact to backwards compatibility in ALT1, RAN2 should consider whether a new DRX mechanism would be needed to support SC-PTM receptions for both IDLE and CONNECTED UEs.
Proposal 2 Introduce a new DRX mechanism independent of the existing DRX mechanism for the SC-PTM reception of PDSCH. 
2.3. Possible DRX mechanism for SC-PTM
If Proposal 2 is acceptable, three options may be considered to align PDCCH monitoring opportunity for SC-PTM reception. 
· Option 1: Semi-persistent scheduling (SPS)-based mechanism; 
The existing SPS mechanism may be used as the basis for the SC-PTM DRX configuration. According to the current specification [5]

 REF _Ref413784739 \w \h 
[6], the PDSCH is semi-persistently allocated in the Nth subframes for which; 
	(10 * SFN + subframe) = [(10 * SFNstart time + subframestart time) + N * semiPersistSchedIntervalDL] modulo 10240.


However, it’s necessary to extend the mechanism in terms of, e.g, how to configure with SFNstart time, subframestart time and N, how to handle a UE late joining in an on-going group communication, and/or how to configure IDLE UEs. 
· Option 2: MCCH-based mechanism; 
In RAN2#89, several companies pointed out the possibility to reuse the existing MCCH-based mechanism for SC-PTM control information transfer, including the concept of GCCH [7]

 REF _Ref413786369 \w \h 
[8][9][10]

 REF _Ref413786374 \w \h 
[11]

 REF _Ref413786375 \w \h 
[12]

 REF _Ref413786377 \w \h 
[13]. With this option, the UE interested in SC-PTM reception may monitor a SIB (much like SIB13) which indicates the opportunities for GCCH reception. The GCCH contains the necessary control information including the information on when to start receiving SC-PTM transmission on PDSCH. From the DRX perspective, the necessary control information in the GCCH may also include the subframes where SC-PTM transmission is scheduled, so that the UE would not need to monitor other subframes in case the UE isn’t interested in any other services. Even if the subframes for SC-PTM transmissions are indicated in GCCH, whether SC-PTM is actually transmitted on a scheduled subframe is should still be based on the PDCCH within the subframes. This allows for a more dynamic allocation of resources for the serving cell.  
· Option3: SIB-based mechanism; 
This option was also proposed by many companies in RAN2#89 [7][8][9]

 REF _Ref413786375 \w \h 
[12]

 REF _Ref413918206 \w \h 
[14]. With Option 3, a SIB will provide all the mapping information among TMGI, LCID and G-RNTI.  It may also provide the subframes where SC-PTM may be transmitted.  Changes to the SIB may happen at BCCH modification period.  
· Comparisons among options:

All three options have the common principle that the serving cell should inform the UEs in IDLE and CONNECTED of the subframes which the UEs should wake up to monitor PDCCH. The differences of the options pertain to whether the PDCCH points to the PDSCH conveying the control information or the SC-PTM data.
Option 1 has the potential for significant reduction in overhead in terms of UE configuration when compared with either Option 2 or Option 3.  And both dedicated and system information configuration may be possible. 

Although Option 2 and Option 3 are similar in principle, there are important differences that should be considered. With Option 2, the new SIB only provides the UE with opportunity to monitor PDCCH corresponding to GCCH. And in turn, the contents of GCCH (i.e., G-RNTI) will allow the UE to find the SC-PTM data. And with Option 3, the new SIB directly provides the UE with opportunity to monitor PDCCH corresponding to SC-PTM data. Option 3 may appear to be straight-forward but it doesn’t allow for fast bearer setup since the length of the BCCH modification period is limited by the defaultpagingcycle.  With Option 2, the GCCH modification period may be configured to be a value short enough for fast bearer setup.
Proposal 3 Regardless of which option is chosen, the serving cell should provide the occasion(s) for PDCCH monitoring that corresponds directly to or indirectly to SC-PTM transmission. 
3. Conclusion 
In this paper, the issue with DRX alignment for the single-cell PTM is considered. Three options are provided which may be used as basis for further considerations to resolve the DRX alignment issue among IDLE and CONNECTED UEs.  RAN2 is kindly asked to take into account the observations/proposals below; 
Observation 1
The UE in both IDLE and CONNECTED mode needs to receive SC-PTM transmission.
Observation 2
SC-PTM transmission is mapped to PDSCH.
Proposal 1
RAN2 should discuss how to provide sufficient opportunities for PDCCH monitoring for all UEs assigned to the same group.
Proposal 2
Introduce a new DRX mechanism independent of the existing DRX mechanism for the SC-PTM reception of PDSCH.
Proposal 3
Regardless of which option is chosen, the serving cell should provide the occasion(s) for PDCCH monitoring that corresponds directly to or indirectly to SC-PTM transmission.
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