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In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:
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 RAN1#86bis meeting, regarding SC-PTM, the followings are agreed:
· UE monitoring of blind decoding candidates of Type1-MSS (SC-MCCH) is the same as the UE monitoring behaviour of Type1-CSS: 
· UE monitoring of blind decoding candidates of Type2-MSS (SC-MTCH) is the same as the UE monitoring behaviour of Type2-CSS :
Value range of parameters for Type1-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5, 2, 4,8,16,32,48,64}

	αoffset
	{0,1/8,1/4,3/8,1/2,5/8,3/4,7/8}



Value range of parameters for Type2-MSS
	Parameter name
	Value range

	Rmax
	{1,2,4,8,16,32,64,128,256,512,1024,2048}

	G
	{1.5, 2, 4,8,16,32,48,64}

	αoffset
	{0,1/4,1/2,3/4}



· At least the following fields are introduced in DCI formats for scheduling NPDSCH carrying SC-MCCH/SC-MTCH:
· Resource assignment: 3 bits, indicate ISF  value and reuse the mapping from ISF to NSF.
· Modulation and coding scheme: 4 bits, indicate IMCS  value and use the Rel-14 mapping from IMCS to modulation scheme and TBS.
· Repetition number: 4 bits, Indicate Irep value and reuse the mapping from Irep to number of repetitions.
· DCI subframe repetition number: 3 bits for Type-1 MSS and 2 bits for Type2-MSS
· Scheduling delay field is not introduced in DCI format for scheduling SC-MCCH
· Introduce scheduling delay field in DCI format for scheduling SC-MTCH
· 3 bits field {0, 4, 8, 12, 16, 32, 64, 128} not conditional on Rmax
· The size of the DCI formats is no more than 23 bits
· There can be reserved bits
· In case of collision between NPDSCH carrying SC-MTCH/SC-MCCH and NPSS/NSSS, NPBCH, and SIBs, the NPDSCH carrying SC-MTCH/SC-MCCH is postponed.
· In case of collision between Type1-MSS or Type2-MSS and NPSS/NSSS, NPBCH, and SIBs, the NPDCCH is postponed.
· There is at least 4 ms from the end of one Type1-MSS or Type2-MSS to the start of the next Type1-MSS or Type2-MSS
· This also applies to partial search spaces
· UE is not required to monitor Type1-MSS while receiving NPDSCH carrying SC-MCCH;
· When a UE is monitoring Type1-MSS or receiving NPDSCH carrying SC-MCCH, it is not required to simultaneously monitor Type2-MSS nor receive NPDSCH carrying SC-MTCH.
· Maximum TBS value for NPDSCH carrying SC-MCCH or SC-MTCH is 2536 bits
· Cat NB-1 UE does not need to receive the NPDSCH if the DCI indicates a TBS larger than 680 bits
In RAN2#96 meeting, regarding SC-PTM, the following agreements are made:
· Value ranges that are agreed at this meeting are considered to be the baseline.
· The exact extension values for repetition period for SC-MCCH in NB-IoT and feMTC can be extended to {rf512, rf1024, rf2048, rf4096, rf8192}.
· The exact extension values for modification period for SC-MCCH in NB-IoT and feMTC can be extended to {rf131072, rf262144, rf524288, rf1048576}.
· RAN2 does not introduce multiple SC-MCCH per cell. 
· As a starting point for dimensioning R2 assumes it is sufficient to support 64 simultaneous SC-MTCH for NB-IoT and 128 simultaneous SC-MTCH for feMTC. 
· SC-MCCH message segmentation should be supported for NB-IoT and FeMTC.
· Segmentation/concatenation of RLC UM mode is used for SC-MCCH message segmentation.
· For transmission of segments, a transmission scheme similar to that for LTE SC-MTCH DRX is used.

Furthermore, in an LS send from RAN2 to RAN1, RAN2 asked that whether it is possible to 
· Use 1 bit in the DCI in PDCCH for SC-MCCH scheduling, and SC-RNTI is used.
· Use 1 bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the configuration of the SC-MTCH will be changed in next MP.
· Use 1 additional bit in DCI in PDCCH for SC-MTCH scheduling to indicate whether the new services are due to start in next MP. For the UE who has on-going service and is interested in detection of other new session starts. 

In this contribution, we discuss the remaining issues of the DCI design of SC-PTM. 
Currently it is agreed that 17 bits are used in the DCI, and given that the DCI size should be no more than 23 bits, we have 6 bits left that can be used. 

DCI design for SC-MCCH and SC-MTCH
From the RAN2 agreements we can see that “RAN2 does not introduce multiple SC-MCCH per cell” and “SC-MCCH message segmentation should be supported for NB-IoT and FeMTC”. At most 64 simultaneous SC-MTCH is supported in a cell. From the RAN1 agreements we can see that if Cat-NB1 UE is targeted in a cell for SC-PTM, the maximum TBS of each segment of SC-MCCH cannot be more than 680 bits, and therefore, for the worst case the SC-MCCH will be segmented to more than 20 transport blocks (TBs) in a cell [3][4]. Since the SC-MCCH needs to be decoded by all the UEs in a cell that is interested in SC-PTM service, the number of repetitions used by the NPDCCH carrying the DCI is large. Hence, the NPDCCH overhead of scheduling all the TBs is foreseeable significant.
Observation 1 Due to a large amount of NPDSCH TBs are required to carry SC-MCCH, due to the limited DL resource in NB-IoT, the NPDCCH overhead of scheduling the SC-MCCH TBs can be large. 
Hence, in order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several SC-MCCH TBs at the same time. 
In order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several SC-MCCH TBs at the same time.
Given that RAN2 would like to use 1 additional bits in the DCI for SC-MCCH, we have 5 bits left can be used in the DCI for SC-MCCH. Apparently, due to limited DL resources, it is not reasonable to schedule a large amount of SC-MCCH TBs at the same time. Therefore, there is a tradeoff between the number of SC-MCCH TBs can be scheduled simultaneously, and the NPDCCH overhead. Considering the number of available bits, and the DCI overhead, we can use 2 bits to indicate the number of scheduled SC-MCCH segments, and another 2 bits to indicate the delays between each of the TBs. In order to simplify the design, the same delays can be applied between each of the TBs if more than 2 TBs are scheduled at the same time. Furthermore, the delay value should be large enough to allow the UE to decode the SC-MCCH TB. 
[bookmark: _GoBack]It is proposed to use 2 bits in the DCI to indicate the number of simultaneously scheduled the SC-MCCH TBs, and 2 bits to indicate the delays between each of the TB. 
In order to simplify the design, the same delays can be applied between each of the TB if more than 2 TBs are scheduled at the same time. 
The delay value should be large enough to allow the UE to decode the SC-MCCH TB.
For SC-MTCH, similar arguments as SC-MCCH applies. However, RAN2 needs 2 additional bits in the DCI. Therefore, we have 4 bits left that can be used in the DCI. As the size of the SC-MTCH can be large in the case of firmware or software updates, therefore, it is beneficial to support more numbers of simultaneously scheduled SC-MTCH TBs, especially if the service is targeted Cat-NB1 UEs which cannot receive TBS more than 680 bits. Therefore, it is proposed that 
It is proposed to use 2 bits in the DCI to indicate the number of simultaneously scheduled the SC-MTCH TBs, and 2 bits to indicate the delays between each of the TBs. 
In order to simplify the design, the same delays can be applied between each of the TB if more than 2 TBs are scheduled at the same time. 

Conclusions
Base on the above analysis and discussions, we have the following observations and proposals:
Observation 1 Due to a large amount of NPDSCH TBs are required to carry SC-MCCH, due to the limited DL resource in NB-IoT, the NPDCCH overhead of scheduling the SC-MCCH TBs can be large. 

1. [bookmark: _Ref474159113]In order to reduce the NPDCCH overhead, it is reasonable to use a single DCI to schedule several SC-MCCH TBs at the same time.
1. It is proposed to use 2 bits in the DCI to indicate the number of simultaneously scheduled the SC-MCCH TBs, and 2 bits to indicate the delays between each of the TB. 
1. In order to simplify the design, the same delays can be applied between each of the TB if more than 2 TBs are scheduled at the same time. 
1. The delay value should be large enough to allow the UE to decode the SC-MCCH TB.
1. It is proposed to use 2 bits in the DCI to indicate the number of simultaneously scheduled the SC-MTCH TBs, and 2 bits to indicate the delays between each of the TBs. 
1. In order to simplify the design, the same delays can be applied between each of the TB if more than 2 TBs are scheduled at the same time. 
References
[1] [bookmark: _Ref462665614]RP-161901, “Revised work item proposal: Enhancements of NB-IoT”, RAN#73, source Huawei, HiSilicon, 19 – 22 September, 2016.
[2] [bookmark: _Ref473276751]R1-1611633, “Non-anchor PRB enhancements”, source Qualcomm Incorporated, 3GPP TSG RAN WG1 Meeting #87, Reno, USA 14th - 18th November 2016. 
[3] [bookmark: _Ref474159006]R2-168800, “Number of SC-MTCHs supported by SC-MCCH”, Ericsson, November 2016.
[4] [bookmark: _Ref474159117]R2-1701076, “SC-MCCH segmentation for eMTC and NB-IoT”, Ericsson, February 2017.
1(4)
[bookmark: _Toc458939174]4(4)
