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1	Introduction
In the Rel-16 work item on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify support for scheduling of multiple DL/UL transport blocks.
	The objective is to specify the following set of improvements for machine-type communications for BL/CE UEs.

[…]

Scheduling enhancement:
· [bookmark: _Hlk516765510]Specify scheduling multiple DL/UL transport blocks with or without DCI for SC-PTM and unicast [RAN1, RAN2]
· Enhancement of SPS can be discussed.




RAN1 and RAN2 agreements made in earlier meetings for this topic are summarized in [2] and [3]. The most recent L1 parameter list and UE feature list can be found in [4] and [5]. This document provides a summary and recommendations based on the contributions in [6] – [16] and the revised contributions in [17] – [19]. This is an updated version of the earlier feature lead summaries provided in [20] – [22].

2	DCI design for CE mode A
Based on discussion on email reflector discussion, the following can be considered.
1. For unicast in CE mode A, select one of the following DCI design options.

· [bookmark: _Hlk25260126]Option 1: Support FH for 1, 2, and 8 HARQs

	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	 

	1 HARQ
	0
	0
	0
	0
	0
	HARQ ID
	NDI
	RV1
	FH1

	2 HARQS
	0
	0
	HARQ2 Index +8
	N1
	N2
	RV2-1
	RV/FH2-2
	 

	4 HARQS
	0
	HARQ4 index + 36
	N1
	N2
	N3
	N4
	 

	6 HARQS
	HARQ6 Index +27
	N1
	N2
	N3
	N4
	N5
	N6
	 

	8 HARQS
	1
	1
	1
	N1
	N2
	N3
	N4
	N5
	N6
	N7
	N8
	RV/FH8
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Where Hi is the scheduled HARQ ID in the set {0-7}
HARQ2 Index = nChoosek(8- H1,2)-H2+H1
HARQ4 Index = nChoosek (7- H1,4)+nChoosek (7- H2,3)+nChoosek(8- H3,2)- H4+H3
HARQ6 Index = nChoosek(8- H1,2)-H2+H1     H1 and H2 are the HARQ ID’s not scheduled.
RV1 is RV for H1 in the set {0,1,2,3}
FH1: Same behaviour as legacy frequency hopping bit. Set to 0 when frequency hopping and 64QAM are disabled
RV2-1 indicates the RV for H1 in the set {0,2}
RV/FH2-2: If Repetition=1 and frequency hopping is enabled and 64QAM is not enabled then
  RV/FH2-2 indicates the RV for H2 in the set {0,2}
                       Else if Repetition=1 and 64QAM is enabled then
   RV/FH2-2 indicates the extension to MCS table for 64QAM and RV for H2 is 0
                       Else if Repetition>1 and frequency hopping is enabled then 
   RV/FH2-2 indicates if H1 and H2 are frequency hopped and RV for H2 starts at 0
                       Else 
   RV/FH2-2 indicates the RV for H2 in the set {0,2}
                        End
RV/FH8: If Repetition=1 and frequency hopping is enabled and 64QAM is not enabled then
  RV/FH8 indicates the RV for H1 to H8 in the set {0,2}
                       Else if Repetition=1 and 64QAM is enabled then
  RV/FH8 indicates the extension to MCS table for 64QAM and RV for H1 to H8 is 0
                       Else if Repetition>1 and frequency hopping is enabled then 
  RV/FH8 indicates if H1 to H8 are frequency hopped and RV for H1 to H8 starts at 0
                       Else 
  RV/FH8 indicates the RV for H1 to H8 in the set {0,2}
                        End
[bookmark: _GoBack]
· Option 2: Support FH for 1 and 8 HARQs

	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	 

	1 HARQ
	0
	0
	0
	0
	0
	HARQ ID
	NDI
	RV1
	FH1

	2 HARQS
	0
	0
	HARQ2 Index +8
	N1
	N2
	RV2-1
	RV2-2
	 

	4 HARQS
	0
	HARQ4 index + 36
	N1
	N2
	N3
	N4
	 

	6 HARQS
	HARQ6 Index +27
	N1
	N2
	N3
	N4
	N5
	N6
	 

	8 HARQS
	1
	1
	1
	N1
	N2
	N3
	N4
	N5
	N6
	N7
	N8
	FH8
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Where Hi is the scheduled HARQ ID in the set {0-7}
HARQ2 Index = nChoosek(8- H1,2)-H2+H1
HARQ4 Index = nChoosek(7- H1,4)+nChoosek (7- H2,3)+nChoosek(8- H3,2)- H4+H3
HARQ6 Index = nChoosek(8- H1,2)-H2+H1  (H1 and H2 are the HARQ ID’s not scheduled)
RV1 is RV for H1 in the set {0,1,2,3}
FH1: Same behaviour as legacy frequency hopping bit. Set to 0 when frequency hopping and 64QAM are disabled
RV2-1 indicates the RV for H1 in the set {0,2}
RV2-2 indicates the RV for H2 in the set {0,2}
FH8: Same behaviour as legacy frequency hopping bit. Set to 0 when frequency hopping and 64QAM are disabled
For 4, 6 and 8 HARQ processes, RV for all the HARQ processes are set to 0.

3	Early termination
The following can be considered.
1. For unicast, use DCI codewords for early termination according to below.

For CE mode B:
	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1 HARQ
	0
	0
	0
	MCS
	HARQ1
	N1

	2 HARQS
	0
	MCS+3 
	HARQ2 Index
	N1
	N2

	3 HARQS
	MCS+15 
	HARQ3
	N2
	N3
	N4

	4 HARQS
	MCS +52
	N1
	N2
	N3
	N4



Use the only one spare state for Bits 1-6: 11 11 11.

For CE mode A, assuming this is the design:
	Bits
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	 

	1 HARQ
	0
	0
	0
	0
	0
	HARQ ID
	NDI
	RV1
	FH1

	2 HARQS
	0
	0
	HARQ2 Index +8
	N1
	N2
	RV2-1
	RV/FH2-2
	 

	4 HARQS
	0
	HARQ4 index + 36
	N1
	N2
	N3
	N4
	 

	6 HARQS
	HARQ6 Index +27
	N1
	N2
	N3
	N4
	N5
	N6
	 

	8 HARQS
	1
	1
	1
	N1
	N2
	N3
	N4
	N5
	N6
	N7
	N8
	RV/FH8
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Use one of the spare states in bits 1-6 between 11 01 10 and 11 11 11, e.g. 11 01 11.

4	Interleaving
RAN1#99 has made the following agreements:
Agreement
For unicast interleaved transmission without frequency hopping, the interleaving granularity is 1 repetition (RU) of a TB in CE mode A and 4 repetitions (RUs) of a TB in CE mode B in FDD and TDD
· No changes to the legacy RV rules

Agreement
For unicast interleaved transmission, the interleaving is supported in a way that aims to ensure that in case of frequency hopping, each TB is mapped to more than one frequency location.

Based on the above agreements, the following can be considered.

1. For unicast interleaved transmission with frequency hopping, the same interleaving is used as without frequency hopping.
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