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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] and [21].

2	Interleaving
The following proposals concern interleaving for unicast multi-TB scheduling.
	[6] Ericsson
	Proposal 9: For the unicast multi-TB feature, do not further consider RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively.

	[7] Huawei, HiSilicon
	Proposal 1: Interleaving granularity should be introduced and its value is integral multiple of Ych.
Proposal 2: When interleaving is enabled for multiple TBs scheduling, the PUSCH/PDSCH starts at the subframe n which satisfies that n mode Ych = 0.
Proposal 3: When interleaving is enabled for multiple TBs scheduling, the frequency hopping pattern is determined based on the following equation:
[image: ]

Proposal 4: For interleaving, the symbol counter  is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the two TBs.
, where  is the number of scheduled TBs.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 5: For unicast interleaved transmission, the interleaving is done every N subframes.

	[11] Beijing Xiaomi Software Tech
	Proposal 2: The number of TBs involved in one cycle of interleaving transmission can be configured
Proposal 3: When frequency hopping is NOT enabled, the granularity for the time interleaving is configured via higher layer signalling
Proposal 4: When frequency hopping is enabled
· The granularity for the time interleaving equals to the frequency hopping interval
· The narrow bands used for the whole multi-TB transmission is switched every (M_tb*F_ch), where M_tb is the number of TBs involved in the interleaving transmission and F_ch is the frequency hopping interval configured in SIB


	[12] Sierra Wireless
	Proposal 12: For full PRB transmissions in CE Mode A when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes every SF
· If frequency hopping (FH) is used and #TB scheduled=8 and # of FH narrowband=2 then the interleave order follows this pattern [1 2 3 4, 5 6 7 8, 5 6 7 8, 1 2 3 4]
· else, the interleaving order is sequential

Proposal 13: For full PRB transmissions in CE Mode B, when multiple TBs with repetitions and interleaving are scheduled by one DCI
· If frequency hopping (FH) is used and mod(# of TBs, # of FH narrowbands)=0 then the TB changes when mod(SF,8)=0
· else, the TB changes when mod(SF,4)=0

Proposal 14: For sub-PRB transmissions, when multiple TBs with repetitions and interleaving are scheduled by one DCI – when to switch TBs should follow similar NB-IOT agreements

	[14] ZTE
	Proposal 3:
· For CE mode A,
· If hopping feature is configured and enabled by DCI, interleaving granularity is 4*Ych
· If hopping feature is configured and disabled by DCI, interleaving granularity is 4
· If hopping feature is not configured, interleaving granularity is 4
· For CE mode B
· If hopping feature is configured, interleaving granularity is 16*Ych
· If hopping feature is not configured, interleaving granularity is 16

Proposal 4: When the repetition is less than the granularity, interleaving is not supported

	[15] Qualcomm Incorporated
	Proposal 8: For subframe index  the TB index mapping , which implicitly involves the design of the time-domain interleaver, should be designed such that all TBs have an equitable distribution of repetitions across all configured narrowbands
Proposal 9: With frequency hopping enabled, for subframe index  the TB index mapping  should depend on the actual number of TBs scheduled, and the relationship may be determined by 
,
where the parameters are as defined in this contribution.
Proposal 10: The interleaving granularity is 1 subframe for CE Mode A and 4 subframes for CE Mode B with and without frequency hopping.

Table 1: TB Interleaving pattern with Frequency Hopping for CE Mode A with Interleaving Granularity = 1. Green entries can use sequential interleaving.
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Table 2: TB Interleaving pattern with Frequency Hopping for CE Mode A with Interleaving Granularity = 1 (. Green entries can use sequential interleaving.
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Table 3: TB Interleaving pattern with Frequency Hopping for CE Mode B with Interleaving Granularity = 4, . Green entries can use sequential interleaving.
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Based on the proposals listed above, the following can be considered.
1. For unicast interleaved transmission, for the PUSCH sub-PRB 2-subcarrier case, the symbol counter [image: ] is reset at the start of the first TB transmission and incremented for each symbol during the whole transmission of the TBs
	
	where Y is the number of scheduled TBs.
1. 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].
1. For unicast interleaved transmission with frequency hopping, discuss and decide among the proposals for interleaving granularity.

3	DCI design aspects for CE mode B
The following proposals concern indication of HARQ ID, NDI and HARQ processes in CE mode B.
	[6] Ericsson
	[bookmark: _Hlk24996773]Proposal 15: For unicast in CE mode B, the same DCI design option is adopted for DL and UL.

	[7] Huawei, HiSilicon
	Proposal 9: For scheduling multiple TBs in CE modeB, using Table 3 to indicate the number of scheduled TBs, the HARQ process number and the NDI of each scheduled TB and the index of the MCS.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 3: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode B, select Option 3 or Option 6 in R1-1911381.

	[9] Intel Corporation
	Proposal 5: For CE Mode B:
· Jointly encode HARQ process ID, NDI, the number of scheduled TBs.
· HARQ process ID, NDI, bit fields from DCI format 6-0/6-1 B are repurposed.


	[12] Sierra Wireless
	Proposal 3: For CE mode B MTBG DCI design, support coding HARQ ID, # of HARQs, and NDI together
Proposal 4: For CE mode B MTBG DCI design, support scheduling of only 1,2, and 4 HARQ processes (i.e. do not support 3)

	[13] LG Electronics
	Proposal 6: For DCI design for CE mode B, 6 bits are used for HARQ process ID, NDI, and number of scheduled TBs 
· If the first bit is 1, 
· 2 TBs are scheduled
· 3 bits are used for allocating HARQ process ID and 2 bits are used for NDI
· Else if second bit is 1, 
· 4 TBs are scheduled
· 4 bits are used for NDI
· Else if third bit is 1, 
· 1 TB is scheduled
· 2 bits are used for allocating HARQ process ID and 1 bit are used for NDI


	[15] Qualcomm Incorporated
	Proposal 1: For the DCI design for scheduling multiple transport blocks in CE Mode B:
· Retain same scheduling flexibility as legacy DCI when the number of TBs scheduled ∈ {1,2}
· Retain full scheduling flexibility across all combinations of (up to 4) HARQ processes for all values of number of TBs scheduled
· Jointly encode HARQ processes scheduled and NDIs for all values of number of TBs scheduled
· For number of scheduled TBs ∈ {3,4}, restrict the MCSs allowed when number of repetitions is large

Proposal 2: Adopt the DCI design for scheduling multiple transport blocks in CE Mode B outlined in Section 2.

	[18] ZTE
	Proposal 11: If DCI size is increased by no more than 3 bits
· MCS are reduced to 8 options with 3 bits 
· 1 bit for mixed scheduling and non-mixed scheduling
· For mixed scheduling, all the HARQ process combinations are continuous
· For non-mixed scheduling, bitmap method for HARQ process, 1 bit NDI and MSB 4 bits(0000) for early termination are adopted 
· If DCI size increased by 4 bits, the full scheduling flexibility should be provided, with joint-coding of 10 bits value X, indicating MCS, HARQ processes and NDI, X is calculated by
· X=80*ITBS+M, where ITBS is [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5950.tmp.png]for uplink and [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5960.tmp.png] for downlink, M is [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5961.tmp.png] and [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5962.tmp.png] for uplink and [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5963.tmp.png] for downlink

· [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5964.tmp.png] for 1 TB, [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5965.tmp.png] for 2 TB, [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5976.tmp.png] for 3 TB, and [image: C:\Users\lishu\AppData\Local\Temp\ksohtml\wps5977.tmp.png] for 4TB.




Based on the proposals listed above, the following can be considered.
1. For unicast in CE mode B, select one of the following alternative encoding solutions for MCS, HARQ ID, NDI, and number of HARQ processes.

Option A:
	6 bits indicate a value of V.   

1) Imcs = floor(V/5). 
2) The result of Vmod5 indicates N0 and TB number. 

For Vmod5=0 or 1, it implicitly indicates N0. Moreover, if H0=H1, it means one TB. Otherwise two TBs. For two TBs, the comparison of H0 and H1 can implicitly indicate NDI1 for the second TB. For example, N1=0 for 2nd TB if H0 < H1, and N1=1 for 2nd TB if H0 > H1. For two TBs case, N0 is the NDI for the TB with smaller HARQ process number, N1 is the NDI for the TB with larger HARQ process number. 

For Vmod5=2 or 3: it implicitly indicates N0. Moreover, two bits to indicate the one HARQ process ID combination from all four combinations (012, 013,023,123) for 3TBs. 

For Vmod5=4, N0, N1, N2, N3 are four NDIs related to 4TBs. 
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Option B:
	Joint_coded_result=80*I_tbs+M 
[image: cid:_1_1D49B5401D49B140007539CB852584B9]
For CE mode A, 4 HARQ processes are numbered as 0, 1, 2, 3 separately. Assume that when m HARQ processes are scheduled, h1~hm denotes the m HARQ processes number which belongs to {0,1,2,3} and the corresponding NDI is denoted as x1~xm which belongs to {0,1}. for example, if HARQ ID 0 and 2 are scheduled, we have h1 =0, h2=2. (Actually, we can give the constraint h1<h2<...<hm) 



Option C:
	For CE mode B MTBG DCI design, for DL grant and full PRB UL grant and for Sub-PRB UL grant, the following bit map to indicate HARQ ID, # of HARQ, NDI, MCS:
	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



where:
· HARQ1 = HARQ ID scheduled
· HARQ2 index = nChoosek(4- H1,2)-H2+H1
· HARQ3 = HARQ ID not scheduled
MCS is 11 legacy values for DL grant and 10 legacy values UL grant for full PRB and 8 legacy valued for UL grant for sub-PRB




4	Feature combinations
RAN1#98bis made the following agreements regarding the configuration or use of the unicast multi-TB feature in combination with other features:
Agreement
Unicast multi-TB scheduling can be configured and used together with at least the following other features:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
FFS till RAN1#99 whether unicast multi-TB scheduling can be configured and/or used together with the following other features:
· Rel-14 feature for new numbers of repetitions for PUSCH and modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Any other feature that was supported since Rel-13 LTE eMTC

The following proposals concern the relation between the multi-TB feature and legacy Rel-14/15 features.
	[6] Ericsson
	Proposal 19: For unicast, multi-TB scheduling can be configured and used in combination with:
· Rel-14 feature for new numbers of repetitions for PUSCH
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

Proposal 20: For unicast, if a DCI design can support configuration and/or use of the multi-TB feature in combination with the following Rel-14/15 features, it is in counted as a benefit for that DCI design.
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel BW in CE mode A/B
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B


	[9] Intel Corporation
	Proposal 6: Do not support Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A together with scheduling of multiple TBs.

	[14] ZTE
	Proposal 16: Support:
· Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

Proposal 16: Not support:
· Rel-14 feature for new numbers of repetitions for PUSCH in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A


	[17] Qualcomm Incorporated
	Proposal 11: For optional features:
· Supported: Modulation restrictions, 2984 bits, flexible PRB, HARQ-ACK feedback (except early termination)
· Deprioritized/FFS: 10 HARQ processes, sub-PRB, 64-QAM, early PUSCH termination.
· Not supported: New repetitions for PDSCH/PUSCH, larger BW, dynamic HARQ-Ack delay




Based on the proposals listed above, the following can be considered, where the Rel-14 features ‘HARQ-ACK bundling in HD-FDD in CE mode A’ and ’10 downlink HARQ processes in FDD in CE mode A’ are excluded.
1. The following features can be configured together with the unicast multi-TB feature and used at least when scheduling a single TB:
1. Rel-14 feature for new numbers of repetitions for PUSCH
2. Rel-14 feature for modulation restrictions for PDSCH/PUSCH in CE mode A
3. Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
4. Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
5. Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
6. Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A
7. Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
8. Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B

5	UE capabilities
RAN2#106 made the following agreements:
Agreement
UE capability for multiple TB is indicated separately for CE Mode A and CE mode B.
UE capability for multiple TB is indicated separately for uplink and downlink.

RAN1#98 made the following agreements:
Agreement
For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by [RRC and/or DCI].
· The support of scheduling gaps is UE optional feature regardless of the support of multiple TBs.
· FFS: Details on the scheduling gap such as duration, applicability, etc.

So, it has already been agreed that the multi-TB feature has separate UE capability indications for sub-features 1 through 5 in the following list. 
1. For DL in CEmodeA
2. For DL in CEmodeB
3. For UL in CEmodeA
4. For UL in CEmodeB
5. With scheduling gaps
6. With TB interleaving
7. With HARQ bundling
8. With UL sub-PRB

The following proposal concern the indication UE capabilities.
	[6] Ericsson
	Proposal 21: For unicast, discuss whether the following sub-features of the multi-TB feature should have separate UE capability indications:
· TB interleaving
· HARQ bundling
· UL sub-PRB




Based on the proposal listed above, the following can be considered.
1. Discuss UE capability indications for the multi-TB feature.
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