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1 Introduction

Significant progress has been made in both RAN1 and RAN2 WGs on the support of SC-PTM in Rel-14 eNB-IoT WI. During RAN1 #87, the following were agreed related to the physical layer details of SC-MCCH and SC-MTCH in eNB-IoT systems [1]:
RAN1#87 agreements:
· 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

Working assumptions, to be confirmed or abandoned after RAN2 decision on their related working assumption:

· NB-IoT UE is not required to monitor Type1-MSS or receive NPDSCHs carrying SC-MCCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging.

· NB-IoT UE is not required to monitor Type2-MSS or receive NPDSCHs carrying SC-MTCH when the UE is monitoring its Type1-CSS on paging occasions or receiving NPDSCHs carrying paging message.

· NB-IoT UE is not required to monitor Type1-MSS or Type2-MSS nor receive NPDSCH carrying SC-MCCH/SC-MTCH when UE is receiving/sending messages during a random access procedure.

From a RAN1 perspective, the key open aspects include the details of DCI formats for SC-MCCH and SC-MTCH scheduling including feasibility of accommodating direct indication bits in the DCI used to schedule SC-MTCH. In this contribution, we share our views on these remaining details necessary to support SC-PTM in Rel-14 eNB-IoT networks.
2 DCI for scheduling of NPDSCH with SC-MCCH
As mentioned in the Introduction section, the following were agreed regarding DCI used to schedule NPDSCH carrying SC-MCCH and SC-MTCH:
· 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

Additionally, it has been agreed in RAN2 WG that a direct indication bit in the DCI scheduling SC-MCCH will be used to indicate any changes to the SC-MCCH, following which the UE is expected to acquire the updated SC-MCCH.

Next, we consider the DCI formats N1 and N2 from Rel-13 in Tables 1 and 2.

Table 1. DCI formats N1 and N2 (Rel-13) and DCI for SC-MCCH scheduling
	Field (Format N1)
	Bit-width (Format N1)
	Function for 

SC-MCCH
	Bit-width for SC-MCCH (Type1-MSS)
	Field (Format N2)
	Bit-width (Format N2)

	Flag for format N0/format N1 differentiation
	1
	Direct indication bit for SC-MCCH change notification
	1 (proposed)
	Flag for paging/direct indication differentiation
	1

	NPDCCH order indicator
	1
	N/A
	0 (proposed)
	N/A
	0

	Scheduling delay
	3
	N/A
	0 (already agreed)
	N/A
	0

	Resource assignment
	3
	Resource assignment
	3 (already agreed)
	Resource assignment
	3

	Modulation and coding scheme
	4
	Modulation and coding scheme
	4 (already agreed)
	Modulation and coding scheme
	4

	Repetition number
	4
	Repetition number
	4 (already agreed)
	Repetition number
	4

	New data indicator
	1
	N/A
	0 (proposed)
	N/A
	0

	HARQ-ACK resource
	4
	N/A
	0 (proposed)
	N/A
	0

	DCI subframe repetition number
	2
	DCI subframe repetition number
	3 (already agreed)
	DCI subframe repetition number
	3

	Total
	23
	Total
	15
	Total
	15


As can be seen from the above table, DCI format N2 is perfectly suited for scheduling of NPDSCH carrying SC-MCCH with the re-interpretation of the flag for paging/direct indication as the direct indication bit for SC-MCCH change notification. Hence, we propose the following.
Proposal 1:

· The DCI format (DCI format N3) used to schedule NPDSCH carrying SC-MCCH is based on Rel-13 DCI format N2 with the 1-bit flag for paging/direct indication reinterpreted as the direct indication bit for SC-MCCH change notification.
· Size of DCI format N3 is 15 bits.
3 DCI for scheduling of NPDSCH with SC-MTCH

In addition to the agreements made in RAN1 related to DCI for scheduling of SC-MTCH, RAN2 WG recently sent an LS to RAN1 and RAN4 [2] sharing the relevant agreements in RAN2 and asking for confirmation from RAN1 on the feasibility of accommodating 2 bits for (i) direct indication of change notification for SC-MTCH configuration in the next modification period (MP), and (ii) direct indication of any new SC-PTM services due to start in the next MP.
	· 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. 
· We ask RAN1 if 2 bits is ok. If only 1 bit can be accommodated we use 1 bit. 


In Table 2 below, we repeat the exercise in the previous section, but now, with consideration of scheduling of NPDSCH carrying SC-MTCH.

Table 2. DCI formats N1 and N2 (Rel-13) and DCI for SC-MTCH scheduling
	Field (Format N1)
	Bit-width (Format N1)
	Function for 

SC-MTCH
	Bit-width for SC-MTCH (Type2-MSS)
	Field (Format N2)
	Bit-width (Format N2)

	Flag for format N0/format N1 differentiation
	1
	Direct indication of change notification for SC-MTCH configuration in the next MP
	1 (proposed)
	Flag for paging/direct indication differentiation
	1

	NPDCCH order indicator
	1
	Direct indication of any new SC-PTM services due to start in the next MP
	1 (proposed)
	N/A
	0

	Scheduling delay
	3
	N/A
	3 (already agreed)
	N/A
	0

	Resource assignment
	3
	Resource assignment
	3 (already agreed)
	Resource assignment
	3

	Modulation and coding scheme
	4
	Modulation and coding scheme
	4 (already agreed)
	Modulation and coding scheme
	4

	Repetition number
	4
	Repetition number
	4 (already agreed)
	Repetition number
	4

	New data indicator
	1
	N/A
	0 (proposed)
	N/A
	0

	HARQ-ACK resource
	4
	N/A or Reserved
	0 or 4 bits reserved (proposed)
	N/A
	0

	DCI subframe repetition number
	2
	DCI subframe repetition number
	2 (already agreed)
	DCI subframe repetition number
	3

	Total
	23
	Total
	18 or 22 (with 4 reserved bits)
	Total
	15


From Table 2 it can be seen that the natural option for the DCI design for SC-MTCH scheduling would be to base it on DCI format N1. 

While it may be preferable to keep the DCI size small considering UE power consumption and define the DCI format for SC-MTCH scheduling (DCI format N4) at 18 bits, in case it is deemed necessary to reserve certain bits for future enhancements, the 4-bit HARQ-ACK resource field in DCI format N1 can be reserved, leading to a total DCI size of 22 bits. 

Further, RAN1 should send a response LS to RAN2 WG confirming the feasibility of accommodating the two bits for direct indication purposes in the DCI used to schedule NPDSCH carrying SC-MTCH [3].

Proposal 2:

· The DCI format (DCI format N4) used to schedule NPDSCH carrying SC-MTCH is based on Rel-13 DCI format N1 with:

· the 1-bit flag for paging/direct indication reinterpreted as the direct indication bit change notification for SC-MTCH configuration in the next MP; and
· the 1-bit field for PDCCH order indicator reinterpreted as the direct indication of any new SC-PTM services due to start in the next MP
· Size of DCI format N4 is at least 18 bits.
· The 4-bit A/N resource indication field in Rel-13 DCI format N1 may be used as reserved bits.
Proposal 3:

· Send a response LS back to RAN2 confirming the feasibility of accommodating two bits for direct indication purposes in the DCI used to schedule NPDSCH carrying SC-MTCH.
4 Conclusion

In this contribution, we presented our views on the remaining details of SC-PTM in Rel-14 NB-IoT. Based on the discussion presented, we summarize our views using the following proposals:

Proposal 1:

· The DCI format (DCI format N3) used to schedule NPDSCH carrying SC-MCCH is based on Rel-13 DCI format N2 with the 1-bit flag for paging/direct indication reinterpreted as the direct indication bit for SC-MCCH change notification.
· Size of DCI format N3 is 15 bits.
Proposal 2:

· The DCI format (DCI format N4) used to schedule NPDSCH carrying SC-MTCH is based on Rel-13 DCI format N1 with:

· the 1-bit flag for paging/direct indication reinterpreted as the direct indication bit change notification for SC-MTCH configuration in the next MP; and
· the 1-bit field for PDCCH order indicator reinterpreted as the direct indication of any new SC-PTM services due to start in the next MP
· Size of DCI format N4 is at least 18 bits.
· The 4-bit A/N resource indication field in Rel-13 DCI format N1 may be used as reserved bits.
Proposal 3:

· Send a response LS back to RAN2 confirming the feasibility of accommodating two bits for direct indication purposes in the DCI used to schedule NPDSCH carrying SC-MTCH.
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