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1 Introduction

In RAN2 #81bis meeting, RAN2 sends LS [1] to RAN1:
RAN2 would like to thank RAN1 for sending the LS on MCH support on NCT. At RAN2#81bis RAN2 has concluded that if MBMS reception is to be supported on NCT, UEs supporting MBMS reception on NCT shall be able to perform it in RRC_IDLE and RRC_CONNECTED.

RAN2 identified as the main issue how to provide MBSFN subframe configuration of NCT (if needed at all), SIB13 for NCT and SIB15 and discussed the following solutions:
a)
Via dedicated signalling
b)
SIBs containing at least SIB13 for an NCT are provided on an associated LCT(BCT)
c)
MBMS related system information are provided on the NCT

In solutions b) and c), Support of more than 6 MBSFN subframes per radio frame would be feasible from RAN2 signalling point of view.

In this contribution, we investigate the potential issues related to PMCH transmission on NCT, and share our views for these issues. 
2 Discussion
MBMS service transmission and reception are closely linked to the following three aspects:

1) System information acquisition for MBMS;

2) MCCH change notification;

3) The structure of PMCH.

System information acquired for MBMS is mainly from SIB13 and SIB 15, and RAN2’s detailed analysis has been summarized in [1]. MCCH change notification is introduced to inform the modification of MCCH information, and to reduce the UE’s power consumption. The structure of PMCH mainly involves how to multiplex unicast channel and PMCH in a PMCH subframe.

The following analyses are based on the three aspects above.
2.1 System information acquisition for MBMS
The UE can acquire the system information for MBMS on NCT via the following options:
a)
Via dedicated signalling
b)
SIBs containing at least SIB13 for an NCT are provided on an associated LCT

c)
MBMS related system information are provided on the NCT

MBMS on non-standalone NCT
UEs supporting MBMS reception are mostly in idle mode, but idle UEs cannot receive dedicated signalling according to the current specification. So option a) is requires changes in operation mode for NCT in reception of MBMS.
For option b), SIBs containing at least SIB13 for non-standalone NCT are provided on an associated BCT, idle UEs camping on BCT can receive the NCT’s SIB13. So the MBMS service reception on NCT becomes possible. UE with CA capability can receive MBMS service from NCT by carrier aggregation. UE without CA capability can still receive MBMS-related system information and PMCH from camped BCT and NCT respectively via TDM.

To ensure idle UE able to receive MBMS-related system information on NCT, NCT’s SIB13 need be broadcasted on the corresponding BCT in option b. Option b) has less impacts for non-standalone NCT on standardization than option c). It is a preferred method for non-standalone NCT. 

Non-standalone NCT has been defined as the carrier does not transmit system information. SIB13/15 (including its scheduling info) requires some extension on the already defined non-standalone NCT.
MBMS on standalone NCT
Standalone NCT is capable of system information transmission by itself, and existing SIBx and MBMS reception process can be reused on standalone NCT. Idle UE is allowed to camp on standalone NCT, and can receive MBMS service from NCT regardless of carrier aggregation capability. So, standalone NCT is most appropriate to support MBMS.

Proposal 1: RAN1 should give more priority to supporting MBMS on standalone NCT. 
If RAN1 further consider supporting MBMS operation on non-standalone NCT, SIBs containing at least SIB13 for an NCT should be transmitted on the associated BCT.
2.2 MCCH change notification
MCCH change notification is periodically transmitted by PDCCH (i.e. DCI format 1C) scrambled by M-RNTI on common search space and are carried on MBSFN subframe only. A UE will try to decode DCI format 1C, informing the modification of MCCH information, to decide whether to receive MCCH information in the next MCCH modification period. MCCH change notification is mainly to reduce the UE’s power consumption.
MBMS on non-standalone NCT
A UE may not be able to receive MCCH change notification on non-standalone NCT because eCSS of ePDCCH is not supported and there may be no PDCCH on NCT. Several solutions listed below can solve the issue:
Alternative 1:  UE support new MCCH change notification through high layer mechanism. For example, new MCCH change notification based on MAC CE can be considered.
Alternative 2:  UE monitors the DCI format 1C scrambled by M-RNTI in common search space (CSS) on the corresponding BCT.
Alt 2 reuses the current design of MCCH change notification to maximum extent, and has little standard efforts. So Alt 2 is most appropriate for non-standalone NCT.
MBMS on standalone NCT
Since eCSS and MBSFN subframe can be configured on standalone NCT, the current design of MCCH change notification can reuse on eCSS. So it is natural solution for supporting MCCH change notification on standalone NCT.
If RAN1 further consider supporting MBMS operation on non-standalone NCT, MCCH change notification should be transmitted on the associated BCT. 
2.3 Structure of PMCH on NCT
In Rel-9/10/11, PMCH in MBSFN subframe automatically occupies the entire channel bandwidth and ten/eleven OFDM symbols with extended CP. The first one /two OFDM symbols with normal CP can carry PDCCH for UL scheduling and other needs. 
With PDCCH and PHICH absent on NCT, there brings several issues. For example, how to provide UL scheduling grants and ACK/NACK feedback for uplink transmissions in MBMSFN subframe.
For multiplexing of control channel and PMCH on NCT, several methods are considered as follows.
Method 1: structure of PMCH follows LTE R9/10/11. In this case, it needs to provide UL scheduling grants and ACK/NACK feedback for uplink transmissions in MBMSFN subframe on NCT. For solving these issues, two alternatives are considered as follows:
Alt.1: The first one /two OFDM symbols can carry ePDCCH and ePHICH for UL scheduling and ACK/NACK feedback respectively in MBMSFN subframe on NCT. Due to little REs in the first one /two OFDM symbols, it is necessary to optimize the current design of ePDCCH and to consider the design of ePHICH in this case. 
Alt.2: The legacy control region should be maintained for MBSFN subframe on NCT. 
Method 2: FDM of unicast channel (ePDCCH and/or PDSCH) and PMCH in the same subframe.

The granularity of MBMS resource is PRB level, which is quite efficient especially for large system bandwidths. In addition, it is no need to modify the existing unicast-related channel specification, such as reusing current ePDCCH design. It may also be further considered to allow PDSCH and PMCH to be transmitted in the same subframe via FDM if PMCH uses partial bandwidth was agreed. Method 2 has large standard efforts, so any solutions reduced standard efforts should be prioritised. For the number of MBSFN subframe in NCT, it is reasonable to give more priority to the existing max six MBSFN subframes in a radio frame, and subsequently extend to 8 or 10 MBSFN subframes. When the number of MBSFN subframe extend to 8 or 10, it is better to transmit PMCH on PRB pairs in both sides of the system bandwidth and transmit unicast on PRB pairs in the middle of the system bandwidth. This arrangement will have less impacts on current PSS/SSS, system information (PBCH and SIBx), and paging.
Besides, considering the SFN on MBMS service, the MBMS signal energy is so strong to put interference to adjacent unicast sub-carriers. To solve this issue, it is better to introduce the guard band between the PMCH resources and the unicast resources.
Proposal 3: Multiplexing of unicast and PMCH on NCT should be discussed in RAN1. RAN1 should ask RAN4 whether guard band is necessary. If overhead is low, it is preferred FDM of uncast and PMCH in the same subframe.
3 Conclusion
In this contribution, we investigate the potential issues related to MBMS transmission on NCT, The following proposals are made:
Proposal 1: RAN1 should give more priority to supporting MBMS on standalone NCT.
Proposal 2: If RAN1 further consider supporting MBMS operation on non-standalone NCT, SIBs containing at least SIB13 for an NCT and MCCH change notification should be transmitted on the associated BCT.
Proposal 3: Multiplexing of unicast and PMCH on NCT should be discussed in RAN1. RAN1 should ask RAN4 whether guard band is necessary. If overhead is low, it is preferred FDM of uncast and PMCH in the same subframe.
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