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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 feMTC WI. During RAN1 #87, the following were agreed related to search space and DCI designs, and physical layer configurations for SC-MCCH and SC-MTCH in feMTC systems [1]:

RAN1#87 agreements:
· Frequency hopping

· Frequency hopping is supported in multicast to BL/CE UEs 

· MPDCCH search spaces

· MPDCCH search space configuration for SC-MCCH consists of {narrowband, Rmax, G}.

· MPDCCH search space configuration for SC-MTCH consists of {narrowband, Rmax, G}.

· For the MPDCCH search space scheduling SC-MCCH, UE monitoring of blind decoding candidates is reused from Type1-CSS.

· For the MPDCCH search space scheduling SC-MTCH, UE monitoring of blind decoding candidates is reused from Type2-CSS.

· DCI design

· DCIs for scheduling SC-MCCH is based on DCI format 6-2 with at least the following fields:

· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· DCIs for scheduling SC-MTCH include at least the following fields:

· Frequency-hopping flag
· Resource assignment
· Number of PDSCH repetitions
· MCS
· Number of MPDCCH repetitions
· The sizes of the DCI fields are FFS.

· Other DCI fields than the ones listed above are not precluded.
· MPDCCH/PDSCH configuration for SC-PTM

· PDSCH carrying SC-MCCH supports up to 1000 bits TBS and up to 6 PRBs channel bandwidth.

· PDSCH carrying SC-MTCH is configurable in SC-MCCH, and supports up to [4008] bits TBS and [24 or 25] PRBs channel bandwidth.

· For MPDCCH scheduling SC-MCCH or SC-MTCH, the frequency hopping and its configuration follow the Rel-13 eMTC design.

· For PDSCH carrying SC-MCCH or SC-MTCH, the frequency hopping and its configuration follow the Rel-13 eMTC design.

· The frequency hopping activation (ON/OFF) for MPDCCH/PDSCH for SC-MCCH is configured by a new 1-bit parameter.

· The frequency hopping activation (ON/OFF) for MPDCCH/PDSCH for SC-MTCH is configured by a new 1-bit parameter per SC-MTCH.

· Coverage enhancement related settings (CE mode A / CE mode B) for MPDCCH/PDSCH for SC-MCCH are configured by a new 1-bit parameter.

· Coverage enhancement related settings (CE mode A / CE mode B) for MPDCCH/PDSCH for SC-MTCH is configured by a new 1-bit parameter per SC-MTCH.
In this contribution, following the prior RAN1 and RAN agreements, we share our views on the remaining details of maximum channel BW and TBS for PDSCH carrying SC-MTCH, DCI design for scheduling of PDSCH carrying SC-MTCH, and support of direct indication bits in the DCI scheduling PDSCH carrying SC-MTCH.

2 Max channel BW and TBS for SC-MTCH

As indicated in the Introduction, the maximum channel BW and TBS for the PDSCH carrying SC-MTCH are yet to be finalized. In this regard, RAN1 made the following agreements during RAN1 #86bis [2] and sent an LS to RAN2 [3] to confirm the feasibility and usefulness from higher layer point of view of the above described options for feMTC regarding maximum channel bandwidth and maximum TBS:
· Max channel bandwidth and max TBS for SC-MTCH PDSCH transmission to BL/CE UEs:

· Option 1: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)

· Option 2: Configurable per SC-MTCH (with minimum maximum values of 6 PRBs and 1000 bits)

· Max channel bandwidth and max TBS for SC-MCCH PDSCH transmission to BL/CE UEs:

· Option A: According to Rel-13 Cat-M1 limitations (i.e. 6 PRBs and 1000 bits)

· Option B: Configurable per SC-MCCH (with minimum maximum values of 6 PRBs and 1000 bits)

· From physical layer point of view,

· All four options are feasible.

· Option 2 may have performance benefits over Option 1.

In response, RAN2 WG indicated the following [4]:

· Option 2 and option A listed in the LS are feasible and useful for cell resources efficiency/UE power consumption.
Accordingly, we propose that the following:

Proposal 1:

· PDSCH carrying SC-MTCH is configurable in SC-MCCH, and supports up to [4008] bits TBS and [24 or 25] PRBs channel bandwidth. 
3 DCI for scheduling of PDSCH 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 [4] 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 assume the max channel BW of 6 PRBs and max TBS of 1000 bits and propose DCI fields taking into account the prior RAN1 agreements on DCI for scheduling of PDSCH carrying SC-MTCH and compare it to the options of using DCI format 6-1A and 6-1B.

Table 2. DCI formats 6-1A and 6-1B (Rel-13) and DCI for SC-MTCH (format 6-4) scheduling
	Field (Format 6-1A)
	Bit-width (Format 6-1A)
	Function for 

SC-MTCH
	Bit-width for 
SC-MTCH 
	Field (Format 6-1B)
	Bit-width (Format 6-1B)

	FH flag
	1
	FH flag
	1
	FH flag
	1

	Resource assignment


	ceil (log2(floor(NRBDL/6))+ 5
	Resource assignment


	ceil (log2(floor(NRBDL/6))+ 1
	Resource assignment


	ceil (log2(floor(NRBDL/6))+ 1

	Number of PDSCH repetitions
	2
	Number of PDSCH repetitions
	3
	Number of PDSCH repetitions
	3

	HARQ process number
	FDD:3

TDD:4 
	Direct indication of change notification for SC-MTCH configuration in the next MP
	1
	HARQ process number
	1

	MCS
	4
	MCS
	4
	MCS
	4

	RV
	2
	RV
	-
	RV
	-

	NDI
	1
	Direct indication of any new SC-PTM services due to start in the next MP
	1
	NDI
	1

	PMI confirmation
	1
	N/A
	-
	PMI confirmation
	-

	TPMI
	1 or 2
	N/A
	-
	TPMI
	-

	DM-RS scrambling/ antenna ports
	2
	N/A
	-
	DM-RS scrambling/ antenna ports
	-

	DAI
	2
	N/A
	-
	DAI
	-

	PUCCH power control
	2
	N/A
	-
	PUCCH power control
	-

	SRS request
	0/1
	N/A
	-
	SRS request
	-

	Ack/Nack offset
	2
	N/A
	-
	Ack/Nack offset
	2

	Number of MPDCCH repetitions
	2
	Number of MPDCCH repetitions
	2
	Number of MPDCCH repetitions
	2

	Flag for 6-0/6-1 differentiation
	1
	N/A
	-
	Flag for 6-0/6-1 differentiation
	1


In the above, it is proposed that the resource allocation in frequency domain for max channel BW of 6 PRBs follows that of Rel-13 CE mode B, i.e., either of 4 or 6 PRBs within the NB is used for PDSCH carrying SC-MTCH.

Overall, the DCI scheduling SC-MTCH can follow the design of DCI format 6-1B. 

Additionally, the HARQ process number and NDI fields of format 6-1B can be re-interpreted for the direct indication fields as considered by RAN2. 

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 PDSCH carrying SC-MTCH [6].

Proposal 2:

· The DCI format (DCI format 6-4) used to schedule NPDSCH carrying SC-MTCH is based on Rel-13 DCI format 6-1B with:

· the 1-bit field indicating HARQ process number reinterpreted as the direct indication bit for change notification for SC-MTCH configuration in the next MP; and
· the 1-bit field for NDI reinterpreted as the direct indication of any new SC-PTM services due to start in the next MP
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 PDSCH carrying SC-MTCH.
Further, as mentioned before, it should be possible (and in fact, beneficial) to schedule PDSCH carrying SC-MTCH using a max channel BW of 24 PRBs and a max TBS of 4008 bits. The configuration for this should be indicated in the SC-MCCH, and accordingly, UEs that are capable of this combination of max channel BW and max DL TBS would monitor the MPDCCH search space for SC-MTCH scheduling for the DCI format such that the resource assignment field is as in equivalent of DCI format 6-1B in Rel-14 for UEs with larger max channel BW (of up to 24 PRBs PDSCH BW). In general, the bit-width of this field depends on the resource allocation mechanism used for larger channel BW support (for details, please see our companion contributions [7] and [8]).
4 Conclusion

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

Proposal 1:

· PDSCH carrying SC-MTCH is configurable in SC-MCCH, and supports up to [4008] bits TBS and [24 or 25] PRBs channel bandwidth. 
Proposal 2:

· The DCI format (DCI format 6-4) used to schedule NPDSCH carrying SC-MTCH is based on Rel-13 DCI format 6-1B with:

· the 1-bit field indicating HARQ process number reinterpreted as the direct indication bit for change notification for SC-MTCH configuration in the next MP; and
· the 1-bit field for NDI reinterpreted as the direct indication of any new SC-PTM services due to start in the next MP
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 PDSCH carrying SC-MTCH.
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