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1 Introduction
In RAN #72, new WID on enhancement of NB-IoT is approved. It was agreed to extend Rel-13 SC-PTM to support multi-cast downlink transmission
Multicast:

· Extend Rel-13 SC-PTM to support multi-cast downlink transmission (e.g. firmware or software updates, group message delivery) for NB-IoT [RAN2 lead, RAN1, RAN4, RAN3] 

· Introduction of necessary enhancements to support narrowband operation, e.g. support of NPDCCH, and coverage enhancement, e.g. repetitions
In this contribution, we analyze the enhancement of Rel-13 SC-PTM to support coverage enhancement, including narrowband operation, and support of NPDCCH. 
2 Rel-13 SC-PTM
In Rel-13 SC-PTM, there are several steps for UE to decode SC-MTCH (also shown as Figure 1): 

· Read SIB 20 to get SC-MCCH configuration (e.g., SC-MCCH subframe, modification period, repetition period and Offset)

· Monitor PDCCH on SC-MCCH subframe 
· Monitor PDCCH scrambled with SC-RNTI for SC-MCCH, which contains SC-MTCH configuration such as TMGI and G-RNTI, DRX configuration, SC-MTCH scheduling cycle, SC-MTCH scheduling offset. 
· Monitor PDCCH scrambled with SC-N-RNTI for SC-MCCH change

· Monitor PDCCH with G-RNTI for SC-MTCH based on SC-MTCH configuration in SC-MCCH.

Three steps are needed for SC-MTCH decoding, which is too much signaling overhead for NB-IoT UEs, especially UEs in extended coverage case. 
Observation #1: Rel-13 SC-PTM procedure has too much signaling overhead for NB-IoT UEs especially UEs in extended coverage case. 
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Figure 1 Rel-13 SC-PTM procedure
3 Discussion on SC-PTM for NB-IoT
In NB-IoT system, power boosting and repetition are used for coverage extension. Same schemes can be used for SC-PTM with coverage enhancement. Considering signaling overhead and scheduling flexibility, SIBs transmission for both eMTC and NB-IoT are L1 control less. The scheduling information of other SIBs are indicated in SIB 1. Considering the overhead, especially in extended coverage case, SC-MCCH can be transmitted directly in SIB 20, following the same scheme as other SIB transmission. This simplification may lose some scheduling flexibility. However, considering the narrowband system, it would be acceptable. Another impact is that, SC-MCCH may change more frequently than other SIBs. Thanks to the mechanism in NB-IoT, it is possible to indicate to UE which SIB changed by paging. For the UEs who are not interested to SC-PTM may just simply ignore the change of SIB 20, i.e., SC-MCCH. 
In Rel-13, PDCCH with SC-N-RNTI is used to indicate the change of SC-MCCH. If SC-MCCH is transmitted in SIB 20, there is no need to introduce a new DCI to indicate change of SC-MCCH. Paging can be used to indicate the change of SIB 20 carrying SC-MCCH. 
Proposal #1: SC-MCCH is transmitted in SIB 20. 
Proposal #2: SC-MCCH information change can be indicated by paging. 
In Rel-13 SC-PTM, SC-MTCH is scheduled by PDCCH. Considering scheduling flexibility and possibility of more than SC-MTCH transmission, NPDCCH is better to be kept for SC-MTCH scheduling. A cell specific Rmax and G for NPDCCH with G-RNTI can be configured by eNB and NPDCCH with G-RNTI can be transmitted in CSS. If a new CSS for SC-MTCH needs to be introduced can be further study. 
Proposal #3: SC-MTCH is scheduled by NPDCCH. NPDCCH with G-RNTI for SC-MTCH is transmitted in CSS. 
[image: image2.png]For

configuration

of MCCH, e.g.,
inSIB 20

For change

notification of

configuration
of MCCH

On MCCH
subframe for
MTCH
configuration

SC-PTM 1

On SCPTM on
duration
DRX of SC-PTM

One UE may be interested to multiple SC-MTCH
Different EU may be interested to different SC-MTCH

0OnSC-PTMon geAd

duration
DRX of SC-PTM





Figure 2 Proposed procedure for SC-PTM for NB-IoT
HARQ is not support in Rel-13 SC-PTM. ARQ may be used to ensure the performance. However, it may waste of resource if some UE in extended coverage mode only need an additional a small number of repetition for SC-PTM decoding and need to wait for retransmission of the whole transport block. It may worthwhile to further study if HARQ for SC-PTM is beneficial. 
Proposal #4: Future study on HARQ for SC-PTM especially for extended coverage case.  
Considering the load of DL anchor PRB. SC-PTM transmission, including both SC-MCCH and SC-MTCH should be able to be transmitted on non-anchor PRB, even though SC-MCCH may be delivered in SIB 20. There is no backward compatible issue to transmit a new SIB in non-anchor PRB. 
Proposal #5: Both SC-MCCH and SC-MTCH is able to be transmitted on non-anchor PRB. 

 Due to the RF restriction, UE can only monitor one PRB or receive one DL channels. Collision between MBMS and other DL traffic reception or UL transmission is another issue to need to be solved. Pre-defined a prioritization of MBMS reception with other DL traffic reception and/or UL transmission is one way to solve the issue. However, this may result UE need to monitor multiple search space or frequently switching between multiple PRBs. A configuration to prioritize MBMS reception may be another way to solve the issues. 
Proposal #6: Potential collision between MBMS reception with other DL traffic reception or UL transmission needs to be further studied. A configuration to prioritize MBMS reception over other traffic can be considered.  
4 Conclusion

In this paper, we discussed SC-PTM in narrow band system and in enhanced coverage mode. We proposed that: 
Proposal #1: SC-MCCH is transmitted in SIB 20. 
Proposal #2: SC-MCCH information change can be indicated by paging. 

Proposal #3: SC-MTCH is scheduled by NPDCCH. NPDCCH with G-RNTI for SC-MTCH is transmitted in CSS. 
Proposal #4: Future study on HARQ for SC-PTM especially for extended coverage case.  

Proposal #5: Both SC-MCCH and SC-MTCH is able to be transmitted on non-anchor PRB. 

Proposal #6: Potential collision between MBMS reception with other DL traffic reception or UL transmission needs to be further studied. A configuration to prioritize MBMS reception over other traffic can be considered.  
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