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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 endorsed initial L1 parameter list is provided in [4]. The contributions to the previous RAN1 meeting are summarized in [5] and [6].
[bookmark: _Ref178064866][bookmark: _In-sequence_SDU_delivery]This document provides a summary and recommendations based on contributions in [7] – [18]. When referring to these contributions in the text, for readability, the first word of the first name in the source list is written within square brackets, but the full source lists are included in the References section.

2	Multicast
This section concerns the multicast case, and all the following sections concern the unicast case.
	[7] Ericsson
	Proposal 1: A UE that supports the multicast multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.
Proposal 2: For an SC-MTCH configured with the multi-TB feature, one of 4 scheduling gap patterns can be configured, and the patterns (duration, applicability, etc.) are FFS till RAN1#99.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 11: For multicast, support interleaved transmission of multiple transport blocks.

	[11] ZTE
	Proposal 1: Gap value set as follows
· For non-backward compatible deployment requirement, gap value can be zero (no gap is needed).
· For backward compatible deployment scenario, gap value can be decided by Rmax and the scheduling delay.

Proposal 2: For backward compatible scenario, gap is inserted every continuous transmission of one TB and the value is LGAP=A1*r*Rmax+D, where r is indicated by DCI subframes repetition field. A1 is cell-specifically configured by high layer and D is the scheduling delay value (default value 1 ms)
Proposal 3: The scheduling delay between the new MPDCCH and the first TB shall be set to the gap value for back compatibility.



Based on the proposals listed above, the following can be considered.
1. A UE that supports the multicast multi-TB feature also supports scheduling gaps.
1. For multicast, discuss and decide whether to support interleaving or not.
1. For multicast, discuss and decide whether the scheduling gaps need to take height for backwards compatibility or not.

The initial L1 parameter list [4] only lists a single parameter for the multicast scheduling configuration. If more parameters are needed, the L1 parameter list may need to be updated.
1. For multicast, the scheduling gap configuration indicates:
· Scheduling gap periodicity
· Scheduling gap duration
· FFS: Other scheduling gap properties
1. For multicast, discuss and (if possible) decide whether the scheduling gaps can be configured using a single parameter or whether multiple parameters may be needed.

The following sections concern the unicast case.
3	HARQ feedback
The following proposals concern HARQ-ACK bundling.
	[7] Ericsson
	Proposal 9: The HARQ-ACK bundling is based on the Rel-14 HARQ-ACK bundling feature, and it is only supported without repetition for MPDCCH and PDSCH.

	[8] Huawei, HiSilicon
	Proposal 17: For multiple TB scheduling, study the timing relationships:
· Between MPDCCH and each DL transport block 
· Between each DL transport block and ACK/NACK feedback
· Between MPDCCH and each UL transport block

	[9] Lenovo, Motorola Mobility
	Proposal 15: For unicast multi-TB scheduling with HARQ-ACK bundling, the maximal bundle size is 4.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 8: In CE Mode A, bundled ACK/NACK can be configured via higher-layer signalling. The timing of the ACK/NACK can be based on the last transmission in the bundle.
Proposal 9: In CE Mode A, the maximum bundle size for ACK/NACK bundling is 8.

	[11] ZTE
	Proposal 21: HARQ ACK/NACK feedback bundling on PUCCH should be enabled or disabled by RRC.
Proposal 22: Bundling for FDD UE should be disabled interleaving is not configured.
Proposal 23: Bundle size is equal to the TBs number, when interleaving was enabled.
Proposal 24: The timing relationship between PDSCH and bundling feedback should be based on the last TB and can be the same as the single TB case.

	[13] Intel Corporation
	Proposal 2:
· For HARQ-ACK bundling in CE mode A:
· Following Rel-14 feMTC HARQ-ACK bundling design, the HARQ-ACK bundling can be enabled or disabled by RRC and switched on/off by DCI.
· Support HARQ-ACK bundling for multiple repetitions of MPDCCH/PDSCH but restrict the bundling only to the TBs scheduled with the same single DCI.
· The bundle size is equal to the number of scheduled TBs signaled in multi-TB DCI but upper-bounded by four TBs in the bundle.
· In case of scheduling with more than four TBs, a first HARQ-ACK bundle corresponds to the first set of four TBs, and a second HARQ-ACK bundle corresponds to the remaining (up to four) TBs.
· There is a fixed delay of k subframes from the last subframe of multi-TB PDSCH to the 1st subframe of PUCCH with HARQ feedback
· The value of k=4 is reused from the no-bundling case
· The rest HARQ-ACK bundling design is reused from Rel-14 feMTC.
· For CE mode B, HARQ-ACK bundling is not supported.

	[14] Qualcomm Incorporated
	Proposal 5: Maximum bundle size for HARQ ACK transmission is not more than 4.
Proposal 6: Tailor the TB bundling configuration and/or the maximum bundle size according to:
1. The actual number of TBs scheduled by a multi-TB scheduling DCI grant
2. The number of configured PUCCH repetitions

Proposal 7: Study methods to efficiently signal the bundling configuration and specify the associated PUCCH ACK timeline determination at the UE.

	[15] Sony
	Proposal 7: The maximum HARQ bundle size is 4.
Proposal 8: When a HARQ-bundled NACK is transmitted, individual PUCCH are transmitted following that HARQ-bundled NACK, indicating the ACK / NACK status of individual PDSCH transport blocks.

	[16] LG Electronics
	Proposal 11: Maximum bundling size depends on whether interleaved transmission is enabled.

	[17] Sequans Communications
	‎Proposal 7: RAN1 to investigate proposed method as another means of PUCCH bundling for multi-TB transmission.



Based on the proposals listed above, the following can be considered.
1. For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled by RRC and the bundle size is indicated by [RRC or DCI].
1. For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is [4 or 8].
1. Discuss what solutions, if any, to reuse from the Rel-14 HARQ-ACK bundling feature.

Proposals on HARQ ACK/NACK resource determination:
	[9] Lenovo, Motorola Mobility
	Proposal 11: HARQ ACK/NACK resource can be implicitly derived from MPDCCH location even for scheduling multiple TBs.
Proposal 12: HARQ ACK/NACK resource for the first TB is firstly determined following the legacy method and HARQ ACK/NACK resource for the remaining TBs are derived from the already determined PUCCH resource for the first TB even with PUCCH repetition, e.g., the same PUCCH resources of contiguous available subframes.



Proposals on optimizations for the individual HARQ feedback case:
	[9] Lenovo, Motorola Mobility
	Proposal 13: For full FDD case, ACK/NACK timing for a particular TB is derived from later timing of the end of the particular TB transmission plus a minimal timing offset (e.g.,4ms) and timing of end of previous TB ACK/NACK transmission
Proposal 14: For half-duplex FDD case, the contiguous ACK/NACK timing for scheduled TB starts from the end of all TB transmission plus a minimal timing offset (e.g., 4ms).

	[11] ZTE
	Proposal 25: For the individual feedback
· Separate feedback can be supported for FDD UE.
· Continuous feedback can be supported for HD-FDD UE.

	[16] LG Electronics
	Proposal 12: If individual HARQ-ACK is used in multi-TB scheduling, UE transmits HARQ-ACK for ACK reporting while DTX is used for NACK representation.
· Explicit NACK transmission can be considered to represent NACK for all scheduled HARQ processes



4	Scheduling gaps
The following proposals concern configuration/activation of scheduling gaps for unicast multi-TB scheduling.
	[7] Ericsson
	Proposal 4: For unicast, scheduling gaps for multiple transport blocks is supported and a scheduling gap can be configured by RRC separately for DL and UL.
Proposal 5: For a UE configured with the unicast multi-TB feature, one of 4 scheduling gap patterns can be configured separately for DL and UL, and the patterns (duration, applicability, etc.) are FFS till RAN1#99.

	[8] Huawei, HiSilicon
	Proposal 4: The scheduling gap is enabled by RRC and whether to use the scheduling gap is based on the number of the scheduled TBs.

	[11] ZTE
	Proposal 6: Gap is only supported for interleaving case.
Proposal 7: Gap position should be based on the interleaved blocks.
Proposal 9: Gap feature can be configured by RRC.
Proposal 10: Gap is only enabled if the product of number of repetitions and number of TBs are larger and equal to the RRC configured threshold [image: ].
Proposal 11: Gap design
· Gap duration is RRC configured 
· 
Gap position satisfies that the gap is inserted by every other  subframes, where G is the interleaving granularity, NTB is the TBs number scheduled in DCI, and [image: ] is RRC configured threshold. 

	[12] Sierra Wireless
	Proposal 7: Scheduling multiple TB with gaps is enabled and disabled by RRC signalling.
Proposal 8: When multiple TBs are scheduled by one DCI, a Gap Configuration Field is present in the DCI only when scheduling multiple TB with gaps is enabled by RRC signalling
Proposal 9: The DCI Gap Configuration Field is 1 bit long and indicates one of two possible Gap Configurations where RRC signaling defines the corresponding gap configurations.
· FFS: the set of possible gap configurations

	[13] Intel Corporation
	Proposal 1:
· Introduce a repetition threshold (respectively for DL and UL) so that the scheduling gaps are used when the number of TB repetitions exceeds the threshold
· FFS: Separate thresholds for CE mode A and B.
· The scheduling gaps configured to occur periodically
· The scheduling gaps parameters, e.g., enabling flag, threshold value(s) on numbers of repetitions of PDSCH and PUSCH respectively, gap duration, gap periodicity, etc., are configured via RRC with separate signaling for DL and UL.
· For downlink scheduling gaps, absolute starting point of gap periodicity, e.g., SFN=0, sf=0 is used. 
· For uplink scheduling gaps, the starting point is relative to, e.g., start of PUSCH transmission.

	[15] Sony
	Proposal 1: MTBG scheduling gaps are configured by RRC.
Proposal 2: RRC signaling configures the following aspects of MTBG scheduling gaps:
· Duration of scheduling gap
· Number of subframes of MTBG transmission before a scheduling gap is inserted
· Time offset of scheduling gap

	[18] Xiaomi Communications
	Proposal 1: 
· The configuration of the scheduling gap can be performed in hybrid way. 
· The support of scheduling gap is configured in semi static way 
· The scheduling gap can be activated/deactivated in dynamic way



Based on the proposals listed above, the following can be considered.
1. For unicast, scheduling gaps can be configured separately for DL and UL by RRC, and dynamic activation/deactivation of scheduling gaps via DCI is FFS.
1. For unicast, the scheduling gap configuration indicates:
· Scheduling gap periodicity
· Scheduling gap duration
· FFS: Scheduling gap time offset
· FFS: Scheduling gap threshold value

The following proposals concern use of scheduling gaps for early termination of PUSCH transmission.
	[7] Ericsson
	Proposal 6: Aim to design at least one of the scheduling gap patterns for the UL unicast multi-TB feature such that it allows eNB to indicate early termination of an ongoing UL transmission by sending a (Rel-15) positive HARQ-ACK in the DCI.
Proposal 7: The possibility to apply the scheduling gaps also in the single-TB case in order to allow eNB to use the scheduling gaps for early termination of an ongoing UL transmission is FFS.

	[11] ZTE
	Proposal 8: Scheduling gaps can be used to allow early termination of an ongoing (multi-TB) uplink transmission. 

	[12] Sierra Wireless
	Proposal 12: Strive to support early termination for HD-FDD UEs in the scheduling gaps

	[15] Sony
	Proposal 3: For the purposes of allowing a non-eMTC device to be scheduled during the scheduling gap, an MPDCCH can early terminate an MTBG transmission.
Proposal 4: For the purposes of allowing a non-eMTC device to be scheduled during the scheduling gap, an early terminated MTBG transmission can be re-scheduled or re-started by MPDCCH.

	[16] LG Electronics
	Proposal 10: In case of multi-TB scheduling via single DCI, gap can be configured for following purposes:
· Utilizing DL/UL gap(s) for the time diversity gain.
· Configuring DL/UL gap(s) on UE-specific search space(s) to reduce the impact on missing of multi-TB scheduling DCI.
· Configuring UL gap(s) for allowing early termination



Based on the proposals listed above, the following can be considered.
1. For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of an ongoing PUSCH transmission.
5	Interleaving and cyclic repetition
The following proposals concern interleaving and cyclic repetition for unicast multi-TB scheduling.
	[7] Ericsson
	Proposal 8: 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. Details of interleaving are FFS till RAN1#99.

	[8] Huawei, HiSilicon
	Proposal 1: Interleaving granularity should be introduced, and its value is integral multiple of Ych.
Proposal 2: When interleaving is enabled, the PUSCH/PDSCH starts at the subframe n which satisfies that n mode Ych = 0.

	[9] Lenovo, Motorola Mobility
	Proposal 8: For CE mode A, frequency hopping is utilized every frequency hopping interval Ych absolute subframes, interleaving is performed every valid subframe, and subframes adopt the same RV is Ntb valid subframes and scrambling sequence is initialized every Ntb valid subframes at least for full PRB.
Proposal 9: For CE mode B, interleaving is performed every Nacc absolute subframe. RV is changed every Ntb* Nacc absolute subframes when mod (SF, Ntb* Nacc) =0, and each TB spans Nacc absolute subframe within each Ntb* Nacc absolute subframe circle.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 10: For unicast interleaved transmission, the interleaving is done every N subframes.

	[11] ZTE
	Proposal 4: When interleaving is configured, the interleaving granularity G=M*Q, where M is the power of 2 and configured by RRC.
· If hopping feature is configured and enabled by DCI, Q = N*Ych
· If hopping feature is configured and disabled by DCI, Q =Ych
· If hopping feature is not configured, Q = 1
where N is the number of narrowbands and Ych is hopping granularity
Proposal 5: When TB interleaving feature was configured, the interleaving should be disabled if any of the following condition applies:
· the repetition number is less than or equal to the interleaving granularity
· the product of the number of repetitions and the number of TB is less than or equal to the predefined cell-specific threshold

Proposal 26: The interleaving granularity design should be based on the length of TB for sub-PRB case.

	[12] Sierra Wireless
	Proposal 10: For full PRB transmissions in CE Mode A, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes every TTI. 
Proposal 11: For full PRB transmissions in CE Mode B, when multiple TBs with repetitions and interleaving are scheduled by one DCI, the TB changes when mod(SF,4*X)=0 where X can be 1,2, or 4 and is configured by RRC signalling.

	[14] 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: 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.

	[16] LG Electronics
	Proposal 13: When scheduled TBs are interleaved, the cyclic repetition pattern should be preserved

	[18] Xiaomi Communications
	Proposal 2: The granularity for time interleaving is Z
· Z is configured via RRC when frequency hopping or RV cycling is NOT enabled 
· Z equals to the granularity of frequency hopping or RV cycling when frequency hopping / RV cycling is enabled.

Proposal 3: When time interleaving is configured, frequency hopping or RV cycling is performed on the basis of relative subframe index within repetitions of each TB instead of absolute subframe index



Based on the proposals listed above, the following can be considered.
1. For unicast, discuss and decide whether the generation of the interleaving and cyclic repetition patterns need any additional RRC parameters beyond the RRC parameters for enabling/disabling the interleaving in DL/UL.

The following proposals concern cyclic repetition (in non-interleaving case) for unicast multi-TB scheduling.
	[9] Lenovo, Motorola Mobility
	Proposal 7: Cyclic repetition is supported for CE mode B and RV is changed every Nacc absolute subframes when mod (SF, Nacc) =0, and multiple TBs are transmitted in predefined order for non-interleaving transmission.
Proposal 10: For CE mode B, TB transmission order within each Ntb* Nacc absolute subframe circle should be carefully designed.



6	MPDCCH monitoring
The following proposal concern MPDCCH monitoring for multi-TB scheduling.
	[8] Huawei, HiSilicon
	Proposal 16: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling.



Based on the proposals listed above, the following can be considered.
1. Discuss and decide whether to consider reduced MPDCCH monitoring for multi-TB scheduling.

7	Scheduling flexibility
RAN1#98 made the following agreement regarding overall scheduling flexibility:
Agreement
For the design of DCI for multiple DL/UL TB:
· At least when a single TB is scheduled, aim for similar scheduling flexibility as that of legacy DCI
· Possible exceptions at least for some cases are the frequency hopping flag and RV index field

The following proposals concern overall scheduling flexibility.
	[7] Ericsson
	Proposal 11: For unicast, scheduling of 2 TBs with a single DCI is supported without new restrictions on MCS, RA, and HARQ ID.
Proposal 12: For unicast, scheduling of 8 TBs with a single DCI is supported with some restrictions on one or more of MCS, RA, and HARQ ID.

	[11] ZTE
	Proposal 12: For CE mode A, reducing MCS shall not be considered. For CE mode B, reducing MCS 1 bit is acceptable.
Proposal 13: For CE mode A and CE mode B, PRB assignment field should not be reduced.

	[12] Sierra Wireless
	Proposal 1: […] For the maximum 8 TBs schedule case, the MCS and PRB location choices are limited compared to legacy operation 
· FFS number of MCS and PRB location choices
· FFS whether MCS and PRB locations choices are fixed or configured via RRC

Proposal 4: When a maximum of 8 TB can be schedule with 1 DCI, limit the MCS options to 2 
· FFS: MCS choices and if configured by RRC or fixed in specification

Proposal 5: When a maximum of 8 TB can be schedule with 1 DCI and for Full PRB allocations, limit the resource field to 4 options 
· FFS: the 4 options and if configured by RRC or fixed in specification

	[14] 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 
· […] For number of scheduled TBs , restrict the MCSs allowed when number of repetitions is large

Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· […] Retain same scheduling flexibility as legacy DCI when the number of TBs scheduled , including full flexibility for RV-index signalling and frequency hopping indicator
· […] For number of scheduled TBs , the starting RV for each TB across a set of TB repetitions is fixed or (optionally) a common RV across TBs is signalled

	[16] LG Electronics
	Proposal 7: Restriction of DCI fields for either MCS or resource allocation can be considered to reduce the size of multi-TB scheduling DCI. (e.g. reducing 1 bits)

	[18] Xiaomi Communications
	Proposal 4: Consider compressing the DCI size by restricting the resource allocation choices and MCS choices
· The restriction can be different when different number of TBs are scheduled



Based on the proposals listed above, the following can be considered.
1. For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.
1. For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.
1. Discuss and decide whether similar requirements are suitable also for CE mode B.

The following proposals concern the possibility to dynamically control the redundancy versions (RVs) and the frequency hopping (FH) flag.
	[7] Ericsson
	Proposal 10: When the DCI indicates multi-TB transmission, RV is derived according to a fixed cycle, not indicated by a DCI field.

	[8] Huawei, HiSilicon
	Proposal 3: When multiple TBs are scheduled via one DCI, the RV of each TB is updated independently.
Proposal 14: A set of available RV is configured for multi-TB scheduling.
Proposal 15: The RV of the TBs are the same if HARQ-ACK bundling is used on these TBs.

	[9] Lenovo, Motorola Mobility
	Proposal 6: For scheduling of initial and retransmission TBs in one DCI, RV is SAME for all TB, the RV is default value or indicated in DCI.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 7: Support limited RV, MCS and TBS selections to limit the increase in DCI size.

	[11] ZTE
	Proposal 14: For CE mode A, RV field is at least 1 bit including RV0 and RV2.

	[12] Sierra Wireless
	Proposal 2: For CE mode A and B: […]
· [...] When 1 TB is schedule
· Legacy RV, HARQ ID and NDI fields are used
· When multiple TBs are scheduled
· RV is fixed at zero when no repeats are scheduled and cycles when repeats are scheduled [...]

	[13] Intel Corporation
	Proposal 4:
· [...] Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH repetitions is greater than 4.
· [...] Include in the jointly encoded states the case of n=8 scheduled TBs with contiguous HARQ PID allocation but only for initial transmission assuming starting RV 0.

	[14] Qualcomm Incorporated
	Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· [...] Retain same scheduling flexibility as legacy DCI when the number of TBs scheduled ∈{1,2}, including full flexibility for RV-index signalling and frequency hopping indicator
· [...] Jointly encode repetition number and frequency hopping indicator
· Jointly encode HARQ processes scheduled, NDIs and RV indices (when present)
· For number of scheduled TBs ∈{3,…,8}, the starting RV for each TB across a set of TB repetitions is fixed or (optionally) a common RV across TBs is signalled

	[16] LG Electronics
	Proposal 8: For CE mode A, one bit is used to represent either RV or FH indicator. 
· If scheduled repetition number is one, one bit is used for representing RV. 
· If scheduled repetition number is greater than one, one bit is used for FH indicator.



Based on the proposals listed above, the following can be considered.
1. For unicast in CE mode A, signaling of RV index is not needed when [2 or 4] or more repetitions are used.
1. For unicast in CE mode A, all TBs use the same RV at least when HARQ-ACK bundling is used.

RAN1#98 made the following agreements regarding the allocation of HARQ processes in unicast:
Agreement
For unicast, at least when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), the allocation of the HARQ processes is downselected from the following options in RAN1#98bis
· Option 1: Contiguous allocation of any starting HARQ process #
· FFS: The number of contiguous allocations defined in the DCI
· Option 2: Contiguous allocation of a limited set of HARQ processes
· FFS: The number of contiguous allocations defined in the DCI 
· Option 3: Allocation of any set of HARQ processes
· Option 4: Allocation of a limited set of HARQ processes
· Option 5: Contiguous allocation for mixed (initial+retransmisson) scheduling and non-contiguous allocation for all-initial or all-retx scheduling
Down selection to be made separately for CE mode A and B

The following proposals concern the allocation of HARQ processes in unicast.
	[8] Huawei, HiSilicon
	Proposal 6: When only initial transmission TBs or only retransmission TBs are scheduled, discontinuous HARQ process allocation is used, while for scheduling of both initial and retransmission TBs by one DCI, consecutive HARQ processes allocation is used. (Option 5)
Proposal 7: For mixed scheduling, arbitrary starting HARQ process allocation is supported.

	[9] Lenovo, Motorola Mobility
	Proposal 2: For scheduling multiple TB in unicast, the HARQ processes ID for the scheduled TB are consecutive.
Proposal 4: For unicast, when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), option 2 of contiguous allocation of a limited set of HARQ processes is straightforward to reduce the DCI size without losing much scheduling flexibility.
Proposal 5: For scheduling multiple TB in unicast, some predefined HARQ process combination scheduling patterns are supported, especially for TDD.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 4: For unicast scheduling in CE Mode A and B, allocation of any set of HARQ processes is supported. (Option 3)

	[11] ZTE
	Proposal 19: For mixed scheduling in CE mode A, 1 bit is added to the DCI to indicate one of the following:
· Up to 4 TBs are scheduled
· In which case, a bit map is used to indicate details
· Up to 8 TBs are scheduled
· In which case, a table is used to indicate details

[bookmark: _GoBack]Proposal 20：1 bit is added to the DCI to indicate mixed (initial and retransmission) scheduling and non-mixed scheduling.
(Option 4 or Option 5)

	[12] Sierra Wireless
	Proposal 3: For unicast, when the scheduling with a single DCI includes retransmission(s)
· Option 3: Allocation of any set of HARQ processes is supported

	[13] Intel Corporation
	Proposal 4:
· [...] Restrict the maximal number of scheduled TBs to N=4 for the case of mixed scheduling of initial transmissions and retransmissions.
· Apply grouping of HARQ processes with consecutive HARQ PIDs. (Option 2)
· Include in the jointly encoded states the case of n=8 scheduled TBs with contiguous HARQ PID allocation but only for initial transmission assuming starting RV 0.

	[14] Qualcomm Incorporated
	Proposal 1: For the DCI design for scheduling multiple transport blocks in CE Mode B:
· […] Retain full scheduling flexibility across all combinations of (up to 4) HARQ processes for all values of number of TBs scheduled […] (Option 3 for CE mode B)

Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· […] Retain full scheduling flexibility across all combinations of (up to 8) HARQ processes for all values of number of TBs scheduled […] (Option 3 for CE mode A)

	[16] LG Electronics
	Proposal 2: Scheduling contiguous allocation of any starting HARQ process number is supported. (Option 1)

	[17] Sequans Communications
	‎Proposal 6: For unicast, at least when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), the allocation of the HARQ processes is an allocation of a limited set of HARQ processes. (Option 4)



Based on the proposals listed above, there does not seem to be anything resembling a majority for any option.
1. Arrange an offline discussion on HARQ process allocation in unicast.

8	DCI design aspects
RAN1#98 made the following agreements regarding the overall DCI design for unicast multi-TB scheduling:
Agreement:
For unicast, select option(s) from the following options
· Option 1: Scheduling of up to 8 TBs is supported with a single DCI design.
· Target for up to 6 bits overhead increase compared to legacy DCI
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner. 
· The design methodology for the DCI for different maximum number of TBs is further studied 
· For the 2 TB case, target for up to 3 bits overhead increase compared to legacy DCI
· Note: Option 2 will require modification on existing agreement
The following working assumption is confirmed.
· For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported
· For unicast, the new data indication is individually provided for each allocated HARQ process.

The following proposals concern whether the maximum number of TBs should be RRC configurable or not.
	[7] Ericsson
	Proposal 13: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {[1], 2, [4], 8} in a UE specific manner. (Option 2)

	[8] Huawei, HiSilicon
	Proposal 5: The maximum number of TBs per grant is fixed for both CE mode A and CE mode B for either UL or DL. (Option 1)

	[9] Lenovo, Motorola Mobility
	Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {2, 4, 8} in a UE specific manner. (Option 2)

	[10] Nokia, Nokia Shanghai Bell
	Proposal 1: Scheduling of up to 8 TBs is supported with a single DCI design. (Option 1)

	[11] ZTE
	Proposal 16: RRC configured maximum number of HARQ processes is not supported in R16. (Option 1)

	[12] Sierra Wireless
	Proposal 1: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A is RRC configured for UL and DL within the set {4, 8} in a UE specific manner. (Option 2)

	[13] Intel Corporation
	Proposal 5: Consider RRC signalling to configure the max number of TBs scheduled with a single DCI by a value from the set {2, 8}. (Option 2)

	[14] Qualcomm Incorporated
	Proposal 1: For the DCI design for scheduling multiple transport blocks in CE Mode B:
· Adopt a single DCI to schedule any number from 1 to 4 TBs [...] (Option 1)

Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· Adopt a single DCI to schedule any number from 1 to 8 TBs [...] (Option 1)

	[15] Sony
	Proposal 5: For the maximum number of TB that are supported in MTBG, option 2 is adopted:
· Option 2: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured within the set {1, 2, [4], 8} in a UE specific manner.

	[16] LG Electronics
	Proposal 3: Support option 2 if consistent DCI design principle is adopted for different maximum number of TB size. Otherwise, support option 1. 
Proposal 4: If option 2 is supported, the maximum number of scheduled TBs is configured within the set {2, 4, 8}.

	[17] Sequans Communications
	Body text: In RAN1 #98 it was agreed to decide between scheduling of up to 8 TBs in a single DCI design or using RRC configuration to semi-statically configure the maximum number of scheduled TBs. In the following example we propose a solution for the semi-statically configuration in which we prefer. (Option 2) However, a configuration of up to 8TBs can be viewed in section ‎5. (Option 1)



Among the submitted contributions and sourcing companies, Options 1 and 2 both seem to have substantial support, with a slight majority for Option 2.
1. Arrange an offline discussion on whether the maximum number of TBs in unicast should be RRC configurable or not.

RAN1#98 made the following agreements regarding indication of the number of TBs in unicast:
Agreement
In RAN1#98bis, select one of the following options for unicast in CE mode A
[bookmark: _Hlk22001957]For the purpose indicating the number of TBs
· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· [bookmark: _Hlk22001927]Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 3: 1 bit is added to the DCI to indicate one of the following:
· Up to 4 TBs are scheduled 
· In which case, a bit map is used to indicate details
· Up to 8 TBs are scheduled
· In which case, a table is used to indicate details

Agreement
In RAN1#98bis, select one of the following options for unicast in CE mode B
For the purpose indicating the number of TBs
· Option 1: 1 bit is added to the DCI to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
· Option 3: 1 bit is added to the DCI to indicate mixed (initial and retransmission) scheduling and non-mixed scheduling
· Depending on whether it is mixed or non-mixed scheduling, UE interprets the field indicating the number of TBs differently
· FFS: Details

The following proposals concern the indication of the number of TBs in unicast.
	[8] Huawei, HiSilicon
	Proposal 10: 1 flag bit is used to differentiate mixed scheduling and non-mixed scheduling, where non-mixed scheduling includes all-initial transmission, all-retransmission and single TB scheduling. For non-mixed scheduling, another bit is introduced to further differentiate all-initial (or retx) transmission and single TB scheduling. (Option 3 as formulated for CE mode B in the RAN1#98 agreement)

	[9] Lenovo, Motorola Mobility
	Proposal 3: For the purpose indicating the number of TBs, option 2 of a new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs is adopted for both CE mode A and B.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 2: For unicast scheduling in CE Mode A, 1 bit is added to the DCI to indicate 1 TB or multiple TBs. (Option 1 for CE mode A)
Proposal 3: For unicast scheduling in CE Mode B, 1 bit is added to the DCI to indicate 1 TB or multiple TBs. (Option 1 for CE mode B)

	[11] ZTE
	Proposal 17: Equally divide the total state space by 1 bit differentiation for single TB case and multi-TBs case should not be adopted. 
Proposal 18: Joint coding of single TB states and multi-TB states should be supported.  
Proposal 19: For mixed scheduling in CE mode A, 1 bit is added to the DCI to indicate one of the following: (Option 3 for CE mode A)
· Up to 4 TBs are scheduled 
· In which case, a bit map is used to indicate details
· Up to 8 TBs are scheduled
· In which case, a table is used to indicate details

Proposal 20: 1 bit is added to the DCI to indicate mixed (initial and retransmission) scheduling and non-mixed scheduling. (Option 3 for CE mode B)

	[12] Sierra Wireless
	Proposal 2: For CE mode A and B: For the purpose indicating the number of TBs, HARQ IDs, and NDI
· 1 bit is used to indicate if 1 TB or multiple TBs are scheduled
· FFS if a legacy DCI bit (e.g. frequency hopping) is re-purposed or a new bit is added […] (Option 1 for CE mode A, Option 2 for CE mode B)

	[13] Intel Corporation
	Proposal 4: Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions. […] (Option 2)

	[14] Qualcomm Incorporated
	Proposal 1: For the DCI design for scheduling multiple transport blocks in CE Mode B:
· [...] Jointly encode HARQ processes scheduled and NDIs for all values of number of TBs scheduled [...] (Option 2 for CE mode B)

Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· [...] Jointly encode HARQ processes scheduled, NDIs and RV indices (when present) [...] (Option 2 for CE mode A)

	[16] LG Electronics
	Proposal 1: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs. (Option 2)

	[17] Sequans Communications
	‎Proposal 2: For the purpose indicating the number of TBs for unicast in CE mode A/B support option 2: A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs.



Based on the proposals listed above, there does not seem to be a clear majority for any option, but Option 2 has more support that the other options, so the following can be considered.
1. For unicast in CE mode A, for the purpose indicating the number of TBs, select Option 2, i.e.:
· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple
1. For unicast in CE mode B, for the purpose indicating the number of TBs, select Option 2, i.e.:
· A new or repurposed field(s) in DCI indicates implicitly or explicitly to indicate 1 TB or multiple TBs
· FFS: Details on how to indicate the exact number of TBs in case it is multiple

The following proposals are additional detailed DCI design proposals not already listed above.
	[8] Huawei, HiSilicon
	Proposal 8: For mixed scheduling, at least 10 bits are used to indicate the number of scheduled TBs, the starting HARQ process and the NDI of each scheduled TBs.
Proposal 9: For all-initial or all-retx scheduling, 9 bits are used to indicate the number of scheduled TBs and the used HARQ processes:
· The first 8 bits are used to indicate whether the corresponding HARQ process is scheduled or not.
· The total number of the first 8 bits represents the number of the scheduled TBs.
· The last bit provides the new data indication of all scheduled TBs.

Proposal 11: For the DL transmission of CEMode A UEs, jointly encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is small.
· More repetition number candidates are provided when the number of allocated RBs is large.
· Reduce the candidates of the allocated RB number.

Proposal 12: For the UL transmission of CEMode A UEs, joint encode the resource allocation field and the DCI repetition number field based on the following principle:
· Less repetition number candidates are provided when the number of allocated RBs is large.
· More repetition number candidates are provided when the number of allocated RBs is small.
· Reduce the candidates of the allocated RB number.

Proposal 13: When multiple TBs are scheduled by one DCI, the range of the PDSCH/PUSCH repetition number is dependent on the MCS order.

	[10] Nokia, Nokia Shanghai Bell
	Proposal 5: For unicast scheduling of multiple TBs in CE Mode A and B, HARQ process numbers are indicated using a bitmap.
Proposal 6: For unicast scheduling of multiple TBs in CE Mode A and B, NDI values are indicated using a bitmap.

	[11] ZTE
	Proposal 15: Additional 5~6 bits DCI overhead increase can be adopted considering scheduling flexibility and control channel performance impact

	[12] Sierra Wireless
	Proposal 2: For CE mode A and B: For the purpose indicating the number of TBs, HARQ IDs, and NDI
· 1 bit is used to indicate if 1 TB or multiple TBs are scheduled
· FFS if a legacy DCI bit (e.g. frequency hopping) is re-purposed or a new bit is added
· When 1 TB is schedule
· Legacy RV, HARQ ID and NDI fields are used
· When multiple TBs are scheduled
· RV is fixed at zero when no repeats are scheduled and cycles when repeats are scheduled
· Number of TBs, HARQ IDs and NDI fields are joint coded
· FFS: details of joint coding

Proposal 6: Use a set of piecewise linear equations to specify the jointly encoding of the scheduled HARQ IDs and corresponding NDI values to the index.

	[13] Intel Corporation
	Proposal 3: Introduce a new DCI format for scheduling of multiple DL/UL TBs.
· The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

Proposal 4:
· Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions.
· Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH repetitions is greater than 4.
· Restrict the maximal number of scheduled TBs to N=4 for the case of mixed scheduling of initial transmissions and retransmissions.
· Apply grouping of HARQ processes with consecutive HARQ PIDs.
· Include in the jointly encoded states the case of n=8 scheduled TBs with contiguous HARQ PID allocation but only for initial transmission assuming starting RV 0.

	[14] Qualcomm Incorporated
	Proposal 1: For the DCI design for scheduling multiple transport blocks in CE Mode B:
· Adopt a single DCI to schedule any number from 1 to 4 TBs
· 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.
Proposal 3: For the DCI design for scheduling multiple transport blocks in CE Mode A:
· Adopt a single DCI to schedule any number from 1 to 8 TBs
· Retain same scheduling flexibility as legacy DCI when the number of TBs scheduled ∈{1,2}, including full flexibility for RV-index signalling and frequency hopping indicator
· Retain full scheduling flexibility across all combinations of (up to 8) HARQ processes for all values of number of TBs scheduled
· Jointly encode repetition number and frequency hopping indicator
· Jointly encode HARQ processes scheduled, NDIs and RV indices (when present)
· For number of scheduled TBs ∈{3,…,8}, the starting RV for each TB across a set of TB repetitions is fixed or (optionally) a common RV across TBs is signalled

Proposal 4: Adopt the DCI design for scheduling multiple transport blocks in CE Mode A outlined in Section 3.

	[15] Sony
	Proposal 6: For an MTBG transmission, when the UE signals ACK for a HARQ process and the NDI bit is not toggled when that HARQ process is subsequently used, the UE understands that no data is transmitted in that HARQ process.

	[16] LG Electronics
	Proposal 5: For CE mode A, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 9 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 8-N bit(s) are “0” and the (9-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 3 bits are used for representing the starting HARQ process ID.

Proposal 6: For CE mode B, HARQ process ID, the number of scheduled HARQ processes, and NDI are signaled by joint encoding scheme as follows:
· HARQ process IDs scheduled by a multi-TB scheduling DCI are consecutive.
· 5 bits are used for representing the number of scheduled HARQ processes and individual NDIs.
· If the number of scheduled HARQ processes is N, the first 4-N bit(s) are “0” and the (5-N)th bit is “1”. Remaining N bits are used for representing individual NDIs of scheduled HARQ processes.
· 2 bits are used for representing the starting HARQ process ID.

Proposal 9: In unicast, DCI design in Figure 3 or Figure 4 is supported for the multi-TB scheduling.

	[17] Sequans Communications
	‎Proposal 1: Every bit increase in the DCI’s size must be carefully evaluated.
Proposal 3: At least Five bits are allocated for jointly encoding the number of TBs, HPID sequence and NDI sequence for FDD, six bits for TDD.
‎Proposal 4: For multiple-TB DCI, the HARQ process ID sequence is in increasing order.
Proposal 5: Use sequence generating algorithm as baseline for HPID, and NDI fields in Rel-16 multiple UL/DL TBs DCI.
‎Proposal 6: For unicast, at least when the scheduling with a single DCI includes retransmission(s) in some of the allocated HARQ process(es), the allocation of the HARQ processes is an allocation of a limited set of HARQ processes.



9	Feature combinations
RAN2#106 agreed that UE capability for multiple TB is indicated separately for CE mode A/B and for DL/UL. The following proposal concerns configuration of the multi-TB feature in DL and UL, respectively.
	[7] Ericsson
	Proposal 3: The unicast multi-TB feature is configured separately for DL and UL.



Based on the RAN2 agreement and the proposal listed above, the following can be considered.
1. The unicast multi-TB feature is configured separately for DL and UL.

The following proposals concern the relation between the multi-TB feature and legacy Rel-14/15 features.
	[8] Huawei, HiSilicon
	Observation 3: The DCI design of scheduling multiple TBs is decoupled with Rel-14/15 features.

	[11] ZTE
	Proposal 27:
· The following features should be considered in R17
· Rel-14 feature for dynamic HARQ-ACK delay for HD-FDD in CE mode A
· Rel-14 feature for 10 downlink HARQ processes in FDD in CE mode A
· Rel-14 feature on HARQ-ACK bundling in HD-FDD in CE mode A
· The following features should be supported and further studied in R16
· Rel-15 feature for PUSCH sub-PRB allocation in CE mode A/B
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
· The following features should be supported in R16
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A

	[13] 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] Qualcomm Incorporated
	Proposal 10: 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, HARQ-ACK bundling, larger BW, dynamic HARQ-Ack delay

	[15] Sony
	Proposal 9: The following features could be configured to work alongside the MTBG feature:
· Rel-14 feature for 2984 bits max UL TBS in 1.4 MHz in CE mode A
· Rel-14 features for 5 or 20 MHz max PDSCH/PUSCH channel bandwidths in CE mode A/B
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH 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



Based on the proposals listed above, the following can be considered.
1. 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
· Rel-15 features for flexible starting PRB for PDSCH/PUSCH in CE mode A/B
· Rel-15 feature for uplink HARQ-ACK feedback in DCI in CE mode A/B
1. 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
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