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1 Introduction

In the RAN#66 meeting, a new Study Item on “Support of Single-cell PTM transmission in LTE” was approved [1], aims to investigate technical solutions for the SC-PTM transmission. In the RAN2#89 meeting, three questions on PHY aspects for SC-PTM transmission [2] were sent to RAN1.
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.
2)
Which transmission mode(s) could be supported for the SC-PTM transmission, e.g. is it possible to support other transmission mode(s) in addition to TM2?
3)
Is it feasible to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier?
In this contribution, we will give our views on these three questions above.
2 Discussion
2.1 Views on UL feedback for SC-PTM
In Rel-8, SC-PTM with and without UL feedback was evaluated. In [3, 4], the performance gain of SC-PTM with link adaptation and retransmissions is observed compared to SC-PTM without link adaptation and retransmissions. According to Figure 4 in [3], a maximum spectral efficiency gain of about 100% is achieved for 5 users on average, a maximum spectral efficiency gain of about 40% is achieved for 10 users on average and a maximum spectral efficiency gain of about 20% is achieved for 15 users on average. With user number increasing, SC-PTM with retransmissions approaches the spectral efficiency of SC-PTM without retransmission. According to Figure 1 and 2 in [4], to deliver the same rate MBMS service, roughly 50% resources can be saved with UL feedback for 4 UEs per sector, which means 100% performance gain is achieved.
The evaluation assumptions in [3,4] are not up to date since the Rel-8 specification was not finished then. Another evaluation assumption not suitable to the current study is that UEs in different cells are receiving the same MBMS service. However, for SC-PTM evaluation, since the signal is transmitted cell by cell, whether the packet is same or different across cells does not affect the performance.

In [5], SC-PTM with UL feedback and SC-PTM without UL feedback are evaluated with the updated evaluation assumptions and it is verified that the same trend is observed. For the SC-PTM with UL feedback scheme, the spectrum efficiency has almost 100% gain than the SC-PTM without UL feedback scheme when there are 4 users in the cell. When there are 15 users per cell, there is about 20.35% performance gain. As the number of users increase, more users are at the cell edge and this increases the HARQ retransmission probability and consequently reduces the spectrum efficiency gain. 
Observation 1: SC-PTM with UL feedback can achieve roughly 100% performance gain if the  number of users in the cell receiving the same SC-PTM transmission is 4-5. The gain is reduced to 20%, when the number of UEs increases to 15.
2.2  Views on supporting other transmission mode(s) for SC-PTM in addition to TM2
Transmit diversity can be used to achieve reliable transmission and it is the first choice for SC-PTM transmission. 
For Closed-loop MIMO (TM4,5,6,8,9,10), eNB needs to precode a single PDSCH with a suitable codebook for multiple UEs according to most UEs’ UL feedback. Since different UEs could be in different channel states, it is difficult to choose a codebook to satisfy all the UEs in a group. If there are few UEs (e.g. 1 or 2) in a group, eNB may be able to select a suitable codebook. However, in this case, PTP transmission can be enough.
For Large delay CDD (TM3), codebook selection is predefined. If all UEs in a group can support multi-layer transmission and are with good enough SINR, TM3 can be supported.
Proposal 1: At least TM4,5,6,8,9,10 can hardly support multiple UEs in SC-PTM transmission with the same precoding matrix. TM3, which is open loop MIMO, can be supported for UEs supporting more than one layer.
2.3 Views on simultaneous reception of unicast and one or more SC-PTM transmissions
Whether to support simultaneous reception capability depends on the UE capability. It is known that parallel reception will increase the processing requirements and the cost, so it is unreasonable to support parallel reception for an MBMS capable UE at least with lower UE capabilities, unless one of the PUSCHs carries system information. However, it is feasible to support parallel reception for an MBMS capable UE with higher capabilities, e.g. CA capable UE, with additional specification and implementation effort. Currently, a CA capable UE is able to receive parallel physical channels on different CCs simultaneously. Thus implementing this parallel reception on one CC can have less impact on such type of UEs.  
Proposal 2: It is feasible for certain UEs to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier, with extra standardization and implementation work, but it may not be feasible to expect that all UEs can support the simultaneous reception.
3 Conclusion

In this paper, we discuss some issues for supporting SC-PTM and give our proposals:

Observation 1: SC-PTM with UL feedback can achieve roughly 100% performance gain if the  number of users in the cell receiving the same SC-PTM transmission is 4-5. The gain is reduced to 20%, when the number of UEs increases to 15.
Proposal 1: At least TM4,5,6,8,9,10 can hardly support multiple UEs in SC-PTM transmission with the same precoding matrix. TM3, which is open loop MIMO, can be supported for UEs supporting more than one layer.
Proposal 2: It is feasible for certain UEs to support simultaneous reception of unicast and one or more SC-PTM transmissions in one subframe on one carrier, with extra standardization and implementation work, but it may not be feasible to expect that all UEs can support the simultaneous reception.
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