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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] and [18]. This is an updated version of the initial feature lead summary provided in [19].

2	Multicast scheduling gaps
RAN1#98bis made the following agreements on multicast multi-TB scheduling:
Conclusion
For multicast, interleaving is not supported

Agreement
For multicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity (FFS)
· FFS: Scheduling gap periodicity
· FFS: Other scheduling gap properties

The following proposals concern configuration/activation of scheduling gaps for multicast multi-TB scheduling.
	[6] Ericsson
	Proposal 1: For multicast, a UE that supports the multi-TB feature also supports scheduling gaps, and it is up to eNB whether to configure the scheduling gaps or not.
Proposal 2: For multicast, it is enough to be able to configure a single scheduling gap pattern per cell (rather than per SC-MTCH).
Proposal 3: For multicast, the scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
Proposal 4: For multicast, discuss whether the scheduling gaps should be supported also in the single-TB case.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 7: For unicast, scheduling gap of Ngap_multicast subframes is inserted every Nrep subframes where Ngap_multicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.

	[14] ZTE
	Proposal 1: Gap value for multicast 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 MPDCCH length.

Proposal 2: For backward compatible scenario, gap is inserted before every continuous transmission of one TB and the value is LGAP=A1*r*Rmax, where r is indicated by DCI subframes repetition field. A1 is cell-specifically configured by high layer and at least includes {0,1}



Based on the proposals listed above and offline discussion, perhaps the following can be considered.
1. For multicast, a scheduling gap can be inserted after each TB, where the gap length is configurable between {0, [8], [16], [24]} subframes. The configuration is [per cell or per SC-MTCH].

3	Unicast scheduling gaps
RAN1#98bis made the following agreements on scheduling gaps for unicast multi-TB scheduling:
Agreement
For unicast, the scheduling gap configuration indicates:
· Scheduling gap duration with granularity (FFS)
· FFS: Scheduling gap periodicity
· FFS: Scheduling gap time offset
· FFS: Threshold for enabling scheduling gap 

Agreement
For unicast, a scheduling gap containing an MPDCCH transmission can be used for indication of early termination of ongoing PUSCH transmission(s).
· FFS: Whether a UE is required to monitor MPDCCH during the scheduling gap
· FFS: Whether the above also applies for PDSCH

Agreement
For unicast, scheduling gaps can be configured separately for DL and UL by RRC
· Dynamic activation/deactivation of scheduling gaps via DCI is FFS.

The following proposals concern configuration/activation of scheduling gaps for unicast multi-TB scheduling.
	[6] Ericsson
	Proposal 5: For unicast, the (UE-specific) scheduling gap configuration is based on the same subframe bitmap approach as the legacy (“valid”) BL/CE DL subframe configuration (using 0/10/40 bits corresponding to 0/10/40 subframes).
Proposal 6: For unicast, discuss whether the scheduling gaps should be supported also in the single-TB case.
Proposal 8: Dynamic activation/deactivation of scheduling gaps via DCI is not further considered in the RAN1 work with the Rel-16 multi-TB feature (but note that a similar functionality may be possibly to realize using the already agreed new DCI bit for dynamic control of the Rel-16 resource reservation feature).

	[7] Huawei, HiSilicon
	Proposal 5: The scheduling gap is dynamic activated/deactivated implicitly based on the number of the scheduled TBs in the DCI.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 6: For unicast, scheduling gap of Ngap_unicast subframes is inserted every Nrep subframes where Ngap_unicast is the configured scheduling gap duration and Nrep is the number of repetitions given in the DCI.

	[9] Intel Corporation
	Proposal 1:
· Introduce a repetition threshold (respectively for DL and UL) so that the scheduling gaps are used when the total number of TB repetitions across all scheduled TBs exceeds the threshold
· Separate thresholds are configured 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.


	[10] Sony
	Proposal 1: The UE can be configured with a scheduling gap duration from the set of {2,4,8,16} subframes.
Proposal 2: The UE can be configured with a scheduling gap periodicity from the set of {10, 20, 32, 40} ms.
Proposal 3: The offset of scheduling gap timing is relative to SFN, rather than relative to the start of the MTBG transmission.
Proposal 4: There is no threshold for enabling scheduling gaps.

	[11] Beijing Xiaomi Software Tech
	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 according to the number of scheduled TB or the number of repetitions


	[12] Sierra Wireless
	Proposal 9: Scheduling multiple TB with gaps is enabled and disabled by RRC signalling.
Proposal 10: 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 11: The DCI Gap Configuration Field is 1 bit and indicates one of two possible Gap Configurations where RRC signaling defines the corresponding gap configurations.
· FFS: the set of possible gap configurations


	[14] ZTE
	Proposal 5: Gap is only supported for interleaving case.
Proposal 6: Gap position should be based on the interleaved blocks.

Proposal 9: Gap is only enabled if the product of number of repetitions and number of TBs are larger and equal to the RRC configured threshold .
Proposal 10: For Gap design, the following should be supported:
· 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  is RRC configured threshold.




Based on the proposals listed above and offline discussion, perhaps the following can be considered.
1. For unicast, a scheduling gap can be inserted after each TB, where the gap length is configurable between {0, [8], [16], [24]} subframes.
[bookmark: _GoBack]
The following proposals concern use of scheduling gaps for early termination of PUSCH/PDSCH transmission.
	[6] Ericsson
	Proposal 7: For unicast, indication of early termination is supported for both PUSCH and PDSCH.

	[7] Huawei, HiSilicon
	Proposal 13: Consider reducing MPDCCH monitoring occasions for multiple TBs scheduling.

	[10] Sony
	Proposal 5: The UE monitors MPDCCH during the scheduling gap.
Proposal 6: The scheduling gap can be used for indication of early termination of ongoing PDSCH transmissions.
Proposal 7: When a DL MTBG transmission is terminated early, the UE reports the HARQ ACK/NACK status of those DL transport blocks that preceded the early termination signal.

	[12] Sierra Wireless
	Proposal 15: Strive to support early termination for HD-FDD UEs in the scheduling gaps

	[14] ZTE
	Proposal 7: For CE mode A, if Resource block assignment in format 6-0A is set to all ones, the indication of ACK feedback is triggered.
· 8 bits from the HARQ process and NDI indication is used to indicate the terminated HARQ index with bitmap method.

Proposal 8: For CE mode B, if 5 MSB bits for HARQ processes and NDI is set to all zeros, the indication of ACK feedback is triggered.
· 4 MSB bits in Resource block assignment is repurposed to indicate the termination with bitmap method.




Based on the proposals listed above, the following can be considered.
1. For unicast in CE mode A/B, if there is a codeword available in the final DL/UL DCI design, use it for early termination of PDSCH/PUSCH transmission

4	HARQ feedback
RAN1#98bis made the following agreements on HARQ feedback for unicast multi-TB scheduling:
Agreement
For UEs that support multi-TB scheduling with HARQ-ACK bundling, the bundling is enabled/disabled/configured by RRC and the actual bundle size is indicated by DCI

Agreement
· For UEs that support multi-TB scheduling with HARQ-ACK bundling, the maximum bundle size is 4.
· Strive to reuse Rel-14 HARQ-ACK bundling feature as baseline at least for the non-interleaving case

The following proposals concern HARQ-ACK bundling.
	[6] Ericsson
	Proposal 10: The new HARQ-ACK bundling feature reuses the DCI field of the Rel-14 HARQ-ACK bundling for ‘Transport blocks in a bundle’.
Proposal 11: Discuss whether the new HARQ-ACK bundling feature should reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK bundling flag’.
Proposal 12: The new HARQ-ACK bundling feature does NOT reuse the DCI field of the Rel-14 HARQ-ACK bundling for ‘HARQ-ACK delay’ (but the field could optionally be supported if the Rel-14 Dynamic HARQ-ACK delay feature can be supported together with the new multi-TB feature).

	[7] Huawei, HiSilicon
	Proposal 14: 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] Intel Corporation
	Proposal 2:
· For HARQ-ACK bundling in CE mode A:
· 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.
· No additional signaling on the bungle size within DCI;
· 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.


	[10] Sony
	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.

	[13] LG Electronics
	Proposal 7: Support bundling for both repeated and non-repeated transmissions when interleaved transmission is enabled.

	[14] ZTE
	Proposal 14: Bundling design:
· Bundling flag in DCI is not supported
· 


[bookmark: OLE_LINK7]The actual bundle size is N, if , otherwise  and  for 2 groups, where N is the scheduled TB number

Proposal 15:
· For non-interleaving transmission, the ACK/NACK transmit after the transmission of corresponding bundled TBs
· For interleaving transmission, the continuous ACK/NACK transmit after all the TBs’ transmission


	[15] Qualcomm Incorporated
	Proposal 5: Use 2 bits in DCI to signal the bundling configuration used when multiple TBs are scheduled by a single DCI, where the 2-bit field is interpreted jointly with the number of scheduled TBs according to Table 4 in Section 4, and one entry always signals unbundled transmission.
Proposal 7: The starting (absolute) subframe  for the ACK transmission corresponding to TB bundle  in the is determined as:
· 
· 
where ;  denotes the starting (absolute) subframe index for the HARQ ACK for the  TB bundle;  denotes the number of absolute subframes required to transmit the HARQ ACK for the  TB bundle;  for HD-FDD and  otherwise.



Based on the proposals listed above, the following can be considered.
1. For DL unicast with bundled HARQ feedback in HD-FDD, the starting (absolute) subframe  for the ACK transmission corresponding to TB bundle  is determined as:
· 
· 
where denotes the last (absolute) subframe index for bundle ;  denotes the last (absolute) subframe index of the multi-TB transmission;  denotes the number of absolute subframes required to transmit the HARQ ACK for bundle .

Proposals on optimizations for the individual HARQ feedback case:
	[6] Ericsson
	Proposal 13: For individual HARQ feedback of the TBs, the HARQ-ACK for the respective TBs is transmitted in contiguous subframes, with the first HARQ-ACK following the legacy timing between PDSCH and PUCCH.

	[11] Beijing Xiaomi Software Tech
	Proposal 5: The PUCCH resource for the HARQ transmission follow the existing way




Proposal 6: For one-to-one mapping, the HARQ transmission for TBj starts at subframe max {+ k, + 1} where  is the ending subframe of TBj, k is the legacy timing offset between the PDSCH ending and the starting of corresponding HARQ , and  is the ending subframe of last TB.

	[13] LG Electronics
	Proposal 8: 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


	[15] Qualcomm Incorporated
	[bookmark: _Hlk23966386]Proposal 6: The starting (absolute) subframe  for the ACK transmission corresponding to for ,  in the absence of HARQ ACK bundling is determined as:
· 
· 
where denotes the last (absolute) subframe index for the  TB, ;  denotes the number of absolute subframes required to transmit the ACK for the  TB;  for HD-FDD and  otherwise



5	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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Based on the proposals listed above, the following can be considered.
1. For unicast interleaved transmission, do not further consider new RRC parameters or DCI fields related to the interleaving beyond the RRC parameters for enabling the feature in DL and UL, respectively.
1. For unicast interleaved transmission, the interleaving is done every N subframes. If the scheduled number of repetitions is less than or equal to N, then interleaving is disabled for the scheduled transmission.
1. For unicast interleaved transmission, when frequency hopping is enabled, it follows the legacy frequency hopping interval (to avoid collision with legacy transmissions).
1. For unicast interleaved transmission, the interleaving granularity and interleaving order is independent of the frequency hopping configuration.
1. 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.

If needed, for unicast interleaved transmission, the interleaving granularity for the PUSCH sub-PRB case can be revisited after the PUSCH full-PRB case has been agreed. If needed, for unicast interleaved transmission, the interleaving granularity for TDD DL/UL cases can be revisited after FDD DL/UL cases have been agreed.
6	Scheduling flexibility
RAN1#98 and RAN1#98bis made the following agreements regarding scheduling flexibility for unicast multi-TB scheduling:
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

Agreement
The unicast multi-TB feature is enabled separately for DL and UL

Agreement
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on MCS.
· FFS for > 2TBs
· For unicast in CE mode A, at least for 1-2 TBs, scheduling with a single DCI is supported without new restrictions on RA.
· FFS for > 2TBs
· FFS for CE mode B

The following proposals concern the possibility to dynamically control the redundancy version (RV) index and the frequency hopping (FH) flag.
	[7] Huawei, HiSilicon
	Proposal 6: Whether to indicate RV should be based on the repetition number, and RV can be jointly encoded with FH to further reduce the DCI size.

	[9] Intel Corporation
	Proposal 4: For CE Mode A:
· Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions.
· HARQ process ID, NDI, RV, FH bit fields from DCI format 6-0/6-1 A are repurposed.
· Restrict the number of scheduled TBs to n = 1, 2, 3, 4, 8.
· Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH/PUSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH/PUSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH/PUSCH repetitions is greater than 4 or the number of scheduled TBs is more than 2.
· For TDD, apply grouping of HARQ processes with consecutive HARQ PIDs: two groups with 8 HARQ process per each group and 1 bit indication of the group.


	[13] LG Electronics
	Proposal 4: 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.

Proposal 5: If Rel-15 feature for 64QAM for non-repeated unicast PDSCH in CE mode A is supported in unicast multi-TB scheduling and
· if 64 QAM feature is enabled by higher layer signaling, there is no explicit RV indication field.
· if 64 QAM feature is not enabled, one bit is used to represent either RV or FH indicator.


	[15] 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 1 TBs scheduled
· Retain same scheduling flexibility for 2 TBs scheduled except:
· Allow 2 possible choices of RV index for each TB independently
· Retain scheduling flexibility across all HARQ ID combinations of 1, 2, 3, 4 or 8 TBs
· Allow scheduling of 5 or 6 TBs using continuous HARQ IDs with arbitrary start HARQ ID
· Allow scheduling of 7 TBs using continuous HARQ IDs with start HARQ ID equal to 0
· Jointly encode HARQ processes, NDIs, RV indices (when present) and FH indicator (when present)
· For number of scheduled TBs ∈ {3, …8}, the starting RV for each TB across a set of repetitions is RV0
· Retain FH indication in DCI only present for number of scheduled TBs ∈ {1,2,8}; for other values of number of TBs scheduled, the RRC indication is followed.




Based on the proposals listed above, the following can be considered.
1. For unicast, retain same scheduling flexibility as legacy DCI when 1 TB scheduled.
1. Discuss the RV and FH fields together with the DCI encoding of HARQ ID, NDI, and number of scheduled HARQ processes.

The following proposals concern restrictions of MCS, resource allocation or repetition numbers. CE mode specific proposals are colored green for CE mode A and blue for CE mode B.
	[6] Ericsson
	Proposal 16: Do not introduce new MCS restrictions for any CE mode in any duplex mode.
Proposal 17: Do not introduce new RA restrictions for any CE mode in any duplex mode.

	[7] Huawei, HiSilicon
	Proposal 10: 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 11: 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 12: When multiple TBs are scheduled by one DCI, the range of the PDSCH/PUSCH repetition number is dependent on the MCS order.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 4: For CE Mode A and B, scheduling with a single DCI is supported without new restrictions on MCS or RA.

	[12] Sierra Wireless
	Proposal 5: For CE mode B MTBG DCI design, when the Sub-PRB feature is not enabled or flag for sub-PRB resource allocation=0, MCS field is 3 bits when 2 and 4 HARQs are scheduled. When the Sub-PRB feature is enabled and flag for sub-PRB resource allocation=1, MCS is always 3 bits
Proposal 6: For CE mode B MTBG DCI design, when Sub-PRB feature is not enabled or flag for sub-PRB resource allocation=0, limit the PRB locations to three 2 PRB wide non-overlapping locations when 2 and 4 HARQs are scheduled, otherwise its 8 locations (legacy)
Proposal 7: For CE mode B MTBG DCI design, when the Sub-PRB feature is not enabled or flag for sub-PRB resource allocation=0, the following bit map to indicate HARQ ID, # of HARQ, NDI, PRB location, MCS: […]
Proposal 8: For CE mode B MTBG DCI design, when the Sub-PRB feature is enabled and flag for sub-PRB resource allocation=1, the following bit map to indicate HARQ ID, # of HARQ, NDI, SC resources location, MCS: […]

	[13] LG Electronics
	Proposal 3: For CE mode A, restrict scheduling flexibility for MCS and RA when 3~8 TBs are scheduled by a single DCI.
· Compared to the legacy DCI, 2 bits are reduced in MCS and RA field




Based on the proposals listed above, the following can be considered.
1. For unicast multi-TB scheduling, there is no consensus on introducing restrictions of MCS, resource allocation, or repetition numbers in CE mode A and/or B in Rel-16.

7	DCI design aspects
RAN1#98bis made the following agreement on configuration of the DCI for unicast multi-TB scheduling:
Agreement
The unicast multi-TB feature is enabled separately for DL and UL

The following proposals concern configuration of the DCI for unicast multi-TB scheduling.
	[6] Ericsson
	Proposal 18: For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL can be RRC configured to 2 or 8 (with a 2-bit difference in DCI size between these two cases).

	[9] Intel Corporation
	Proposal 3: Introduce new DCI formats for CE Mode A and B to schedule multiple DL/UL TBs. The UE configured for scheduling of multiple DL/UL TBs monitors for the new DCI.

	[12] Sierra Wireless
	Proposal 1: Support scheduling of up to 8 TBs is supported with a single DCI design.

	[13] LG Electronics
	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, 8} in a UE specific manner.



Based on the proposals listed above, the following can be considered.
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, 8} in a UE-specific manner.

RAN1#98bis made the following agreements on indication of HARQ ID, NDI and HARQ processes:
Agreement
For unicast in CE mode A, for the purpose indicating the number of TBs:
· 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

Agreement
For unicast in CE mode B, for the purpose indicating the number of TBs:
· 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

Agreement
For DCI contents for scheduling multiple DL/UL transport blocks for CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
· Option 1
· Option 3/5

The following proposals concern indication of HARQ ID, NDI and HARQ processes in CE mode A.
	[6] Ericsson
	Proposal 14: For unicast in CE mode A, the same DCI design option is adopted for DL and UL.

	[7] Huawei, HiSilicon
	Proposal 7: For CE mode A, down select one from following options in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
· Option 1
· Option 3 
· Option 5

Proposal 8: Adopt option 1 in R1-1911381 for multiple TB scheduling in CEModeA.

	[8] Nokia, Nokia Shanghai Bell
	Proposal 1: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3/5 in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes.
Proposal 2: For DCI contents for scheduling multiple DL/UL transport blocks for CE Mode A, select Option 3 in R1-1911381.

	[9] Intel Corporation
	Proposal 4: For CE Mode A:
· Jointly encode HARQ process ID, NDI, RV, FH, the number of scheduled TBs and the number of PDSCH/PUSCH repetitions.
· HARQ process ID, NDI, RV, FH bit fields from DCI format 6-0/6-1 A are repurposed.
· Restrict the number of scheduled TBs to n = 1, 2, 3, 4, 8.
· Apply the following restrictions onto the RV:
· 4 RVs in case of the number of PDSCH/PUSCH repetitions is 1;
· 2 RVs in case of the number of PDSCH/PUSCH repetitions is 2;
· RV is not signalled in case of the number of PDSCH/PUSCH repetitions is greater than 4 or the number of scheduled TBs is more than 2.
· For TDD, apply grouping of HARQ processes with consecutive HARQ PIDs: two groups with 8 HARQ process per each group and 1 bit indication of the group.


	[12] Sierra Wireless
	Proposal 2: Choose option 3/5 to indicate HARQ ID, NDI and number of scheduled HARQ processes.

	[13] LG Electronics
	Proposal 2: Select option 1 in R1-1911381 for HARQ ID, NDI and number of scheduled HARQ processes for CE mode A.

	[16] Sequans Communications
	Proposal 1: Support option 5/3 for DCI content, with amendment.
Proposal 2: For 6 scheduled TBs amend to signal only 4 different HARQ combinations instead of 28 possible.
Proposal 3: Use the first ‘1’ bit to signal the UE the number of TBs out of the 12 TBs allocated.

	[17] 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 1 TBs scheduled
· Retain same scheduling flexibility for 2 TBs scheduled except:
· Allow 2 possible choices of RV index for each TB independently
· Retain scheduling flexibility across all HARQ ID combinations of 1, 2, 3, 4 or 8 TBs
· Allow scheduling of 5 or 6 TBs using continuous HARQ IDs with arbitrary start HARQ ID
· Allow scheduling of 7 TBs using continuous HARQ IDs with start HARQ ID equal to 0
· Jointly encode HARQ processes, NDIs, RV indices (when present) and FH indicator (when present)
· For number of scheduled TBs ∈ {3, …8}, the starting RV for each TB across a set of repetitions is RV0
· Retain FH indication in DCI only for number of scheduled TBs ∈ {1,2,8}; for other values of number of TBs scheduled, the RRC indication is followed.

Proposal 4: Adopt the DCI design for scheduling multiple transport blocks in CE Mode A outlined in Section 3. (Option 3/5 with amendment)

	[18] ZTE
	Proposal 12: If the DCI size increases less than 5 bits, option 1 should be supported. 
Proposal 13: If DCI size can be increased to 5bits, the following scheme which support full scheduling flexibility should be supported:
· 1&2 TB are scheduled with full flexibility, repetition number is 2bits, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported. 
· if DCI size increases 3bits or 4 bits, except the 1&2TB full flexibility scheduling, joint coding of RV and FH, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed.
· if DCI size increases 5 or 6 bits, the full HARQ process scheduling should be provided
· For 1TB, 2TB, 8TB and partial 4 TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 2 bits, and SRS request is supported.
· For 3TB, 5TB, 6TB, 7TB and left 4TB positions, joint coding of RV, FH and CSI request, based on repetition number, is 1 bit, and SRS request and CSI request field are repurposed




Based on the proposals listed above, the following can be considered.
1. For unicast in CE mode A, the same DCI design option for HARQ ID, NDI, and number of scheduled HARQ processes is adopted for DL and UL.
1. For unicast in CE mode A, for HARQ ID, NDI, and number of scheduled HARQ processes, down-select between Option 1 and Option 3/5.

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, the same DCI design option for HARQ ID, NDI, and number of scheduled HARQ processes is adopted for DL and UL.
1. For unicast in CE mode B, MCS, HARQ ID, NDI, and number of HARQ processes are jointly encoded without introducing any scheduling restrictions, adding 4 bits to the overall DCI size compared to legacy.

8	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

9	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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