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Introduction
[bookmark: _GoBack]Earlier RAN1 and RAN2 agreements for this topic are summarized in [1] and [2]. This document summarizes the proposals from contributions [3] – [15]. (When referring to the documents, the first name in the source list is written within square brackets. The full source lists are included in the References section.)
1	Unicast
[bookmark: _Hlk17284015]1.1	Scheduling of initial and retransmission TB(s) with one DCI
No objections to the working assumption that scheduling of initial and retransmission TB(s) within one DCI is supported is raised, and it is proposed that the working assumption is confirmed.
For unicast, scheduling of initial and retransmission TB(s) within one DCI is supported.
1.2	Maximum number of TBs
It is observed by [Huawei] that the RAN1#94bis agreements state that the maximum number of scheduled transport blocks is fixed to 8.  
The possibility of RRC configuring the maximum number of TBs to a value less than 8 to reduce the size of the DCI is supported by [Ericsson][Lenovo][Qualcomm]. It is observed by [Ericsson] that certain services may not take advantage of scheduling more than 2 TBs with a maximum number of repetitions, and with a maximum number of TBs of 2, the increased size of the DCI may be as low as 2 bits. It is also discussed by [Lenovo] that the DCI size is largely determined by the supported maximum number of TBs. It is noted by [Qualcomm] that the DCI design methodology may be applicable to all values of maximum number of TBs and providing the possibility to configure the maximum number of TBs enables a trade off between DCI overhead and scheduling flexibility.
Considering the benefits of a smaller DCI that can be achieved with reducing the maximum number of allocated TBs, it is proposed that
For unicast, the maximum number of scheduled TBs with one single DCI for CE mode A for either UL or DL is RRC configured in the set {2, 4, 8}. The design methodology for the DCI for different maximum number of TBs is further studied.  
1.3	Allocation of number of TBs
It is proposed by [Sierra] to add a new flag to the DCI to differentiate between single TB grant and multi-TB grant. An alternative design is to implicitly handle the transmission of a single TB when the feature is configured by setting the number off allocated TBs to 1. Similarly, it is proposed by [Huawei] that the DCI scheduling one TB and the DCI scheduling multiple TBs should be differentiated.
It is proposed by [Ericsson] that a parameter of size log2(max RRC configured TBs) is added to the DCI to indicate the number of scheduled TBs. 
In relation to this discussion, it is proposed by [Ericsson] that the scheduling of multiple TBs should give the same scheduling flexibility as legacy operation when the feature is enabled but only a single TB is allocated.
The two options can be summarized as:
1. A flag is added to the DCI to differentiate between single and multiple TB allocation, and the number of allocated TBs when > 1 is implicitly derived from other parameters (e.g. allocated HARQ processes)
2. A parameter is added for the number of allocated TBs and the single TB allocation is signalled via setting the number of allocated TBs to 1.

For unicast, down select between the following two options:
- Option 1: A flag is added to the DCI to differentiate between single and multiple TB allocation and the number of allocated TBs is implicitly derived from other parameters of the DCI.
- Option 2: A new field is added to the DCI for the number of allocated TBs.
It is considered that the applicability of either of the two options is dependent on other design choices such as how the allocated HARQ processes is signalled (e.g. via a starting number for a contiguous allocation or via a bitmap for allocated process). Hence, the decision may be taken in conjunction with the decision on the allocation of the HARQ processes. 
1.4	HARQ process allocation
Two main options are considered with respect to HARQ process allocation:
1. Contiguous allocation.
Supporting companies: [Huawei for mixed scheduling] [Samsung] [LG] [Lenovo]
2. Non-contiguous allocation.
Supporting companies: [Huawei for only initial or retransmissions] [Sierra] [Qualcomm] [Sequans] 

A benefit of the Option 1 is the possibility for a smaller impact of the DCI design compared to Option 2. 
A problem with Option 1 is the handling of retransmissions for non-contiguous HARQ processes (e.g. retransmission on four HARQ processes 1, 2, 5, and 7 after an initial transmission on HARQ processes).
The non-contiguous allocation can be further divided into the possibilities of:
A. Supporting any non-contiguous set of HARQ processes
B. Supporting a limited set of non-contiguous HARQ process

One alternative approach is proposed by [ZTE] where the HARQ processes can be split into two groups of 4 HARQ processes where the allocated HARQ processes may be non-contiguously indicated in the allocated group. For scheduling of more than 4 HARQ processes the allocation is contiguous.
A second alternative approach is proposed by [Intel] where the HARQ processes are split into consecutive groups and the group size is limited to 4 for mixed scheduling.
It is expressed by [Ericsson] that the handling of retransmissions on non-contiguous HARQ processes needs further study.
Based on the above, the following options are identified:
1. Contiguous allocation
2. Non-contiguous allocation of any set of HARQ processes
3. Non-contiguous allocation on a limited set of HARQ processes

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 down selected from the following options:
- Option 1: Contiguous allocation.
- Option 2: Non-contiguous allocation of any set of HARQ processes.
- Option 3: Non-contiguous allocation of a limited set of HARQ processes.
1.5	New data indication
No schemes for using the same new data indicator for several HARQ priorities is described, and it is considered that the new data indication needs to be individually provided for each allocated HARQ process.
For unicast, the new data indication is individually provided for each allocated HARQ process. 
1.6	RV indication
The potential for reduction of the information needed for specifying the initial RV for the allocated HARQ processes is discussed in several contributions.   
For downlink, the need for individual RV indication may depend on if HARQ-ACK bundling is configured and how the HARQ-ACK bundling is designed. For uplink, and downlink with individual HARQ-ACK for the transmitted TBs, individual indication of the RV being used for retransmissions has potentially a larger gain. 
As discussed by e.g. [Ericsson] [Huawei] [Qualcomm], the RV field only indicates the initial RV index and the RV will be cycled for the subframes in the transmission and with 4 or more repetitions all RVs will be used. Thus, when 4 or more repetitions are used there is less of a need for individually assigning the RV to each HARQ process.
For unicast, a single RV value is used for all HARQ processes at least when 4 or more repetitions are used. Whether the RV is signalled via DCI or predefined is for further study.
It is proposed by [Sierra] that when multiple TBs are scheduled by one DCI, the RV for initial TBs is fixed at 0 and the RV for retransmissions TBs is fixed at 2.
It is proposed by [ZTE] that the RV field is at least 1 bit including RV0 and RV2.
For the case of scheduling multiple TBs with less than 4 repetitions, the following options with respect to the RVs are identified:
1. Individual RV for each allocated HARQ process indicated via an RV information of [1 or 2] bits per HARQ process.
2. A common RV for both initial transmission and retransmission indicated via a single RV information of [1 or 2] bits.
3. [bookmark: _Hlk17300742]Fixed (predefined) RV ([RV0]) for initial transmissions and a common RV for retransmissions indicated via a single RV information of [1 or 2] bits.
4. Fixed (predefined) RVs for both initial transmissions ([RV0]) and retransmissions ([RV2]).
 
For unicast, when less than [2 or 4] repetitions are scheduled, the allocation of RV for the allocated HARQ processes is down selected from the following options:
- Option 1: Individual RV for each allocated HARQ process indicated via an RV information of [1 or 2] bits per HARQ process.
- Option 2: A common RV for both initial transmission and retransmission indicated via a single RV information of [1 or 2] bits.
- Option 3: Fixed (predefined) RV ([RV0]) for initial transmissions and a common RV for retransmissions indicated via a single RV information of [1 or 2] bits.
- Option 4: Fixed (predefined) RVs for both initial transmissions ([RV0]) and retransmissions ([RV2]).
1.7	DCI encoding
Possibilities to reduce the size of the DCI by joint encoding is proposed by several companies. It is considered that the exact realization of joint encoding is best determined after the functionalities discussed in the previous sections are agreed. However, the design of joint encoding needs to take into account if the scheduling flexibility for certain fields may be reduced when performing joint encoding. Thus, the following is proposed:
For unicast, define for which (if any) DCI parameters {NDI; Number of allocated HARQ processes; HARQ process numbers} the scheduling flexibility may be reduced if joint encoding is considered.
For unicast, joint encoding of at least {NDI; HARQ process numbers} is supported.
- If individual RV is supported, it is also included in the joint encoding.
- If configurable maximum number of TBs is supported, the joint encoding is used at least when the configured maximum number of TBs is at least 4.
Similarly, the size of the DCI may be decreased by limiting the scheduling flexibility of other fields when multiple TBs are scheduled. To proceed, the following is proposed:
For unicast, define for which (if any) DCI parameters {Resource assignment; MCS; Number of contiguous HARQ processes} the scheduling flexibility may be reduced when multiple TBs are scheduled.
1.8	HARQ feedback
[Intel] proposes that the Rel-14 HARQ-ACK bundling design is reused in CE mode A. This would mean that HARQ-ACK bundling for multi-TB scheduling is only supported without repetition for MPDCCH or PDSCH.
[Nokia] proposes that HARQ-ACK bundling is configured via higher-layer signalling. [ZTE] proposes that it is enabled/disabled by RRC. [Intel] proposes that it is enabled/disabled by RRC and DCI similar as in Rel-14 HARQ-ACK bundling.
For unicast, discuss whether the Rel-14 HARQ-ACK bundling design can be reused as the basis for the HARQ-ACK bundling for multi-TB scheduling in CE mode A.
[Intel] proposes that HARQ-ACK bundling/multiplexing is not supported in CE mode B. [LG] and [Sony] propose that HARQ-ACK bundling/multiplexing is supported in CE mode B.
For unicast multi-TB scheduling, discuss and decide whether to support HARQ-ACK bundling/multiplexing in CE mode B or not.
[Nokia] proposes that the maximum bundle size is 8. [Sony] proposes that it is 4. [Qualcomm] proposes that it is no more than 4, and that it is tailored to the number of TBs and the number of PUCCH repetitions. [Intel] proposes that the HARQ-ACK bundle size equals the number of scheduled TBs. [ZTE] proposes that it equals the number of scheduled TBs in the interleaving case and that HARQ-ACK bundling is not supported in the non-interleaving case. [LG] proposes that the maximum bundle size depends on whether interleaving is enabled or not. [Sequans] proposes to use a table to map the HARQ-ACK feedback from all TBs to N bits that are mapped to N consecutive PUCCH transmissions (where N can e.g. be fixed to 4).
For unicast multi-TB scheduling with HARQ-ACK bundling, down select between the following options:
- Option 1: The maximum bundle size is 4.
- Option 2: The bundle size equals the number of scheduled TBs (max 8).
- Option 3: The TBs to retransmit are given by a table entry pointed out by the PUCCH contents (max 4 PUCCH bits).
Furthermore, [Sony] proposes that when a HARQ-ACK bundled ‘NACK’ is transmitted, it is followed by individual PUCCH transmissions indicating the ACK/NACK status for the individual TBs.
[LG] proposes that for individual (non-bundled) HARQ-ACK feedback, the UE transmits ‘ACK’ for positive acknowledgment of a TB and ‘DTX’ for negative acknowledgment of a TB, whereas ‘NACK’ can represent negative acknowledgment for all scheduled TBs.
PUCCH resource allocation aspects are discussed in the contributions from [Lenovo] and [Samsung].
1.9	Scheduling gaps
[Huawei], [Intel] and [Nokia] propose to confirm the RAN1#97 working assumption about introducing scheduling gaps.
The following working assumption is confirmed:
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.
[Huawei], [Nokia], [Sierra], [Sony], [Xiaomi] and [ZTE] propose that the scheduling gaps are configured by RRC. [Sony] and [ZTE] propose that the RRC configuration includes e.g. gap duration and gap position. [Sony] and [Xiaomi] propose that this RRC configuration can be dynamically activated/deactivated via DCI, whereas [Nokia] proposes that this can be FFS. [Sierra] proposes that when multi-TB scheduling with gaps is enabled by RRC signalling, a special DCI field can be used to select one of a few different gap configurations.
For unicast, the optional scheduling gaps for multiple transport blocks are configured by RRC. Any additional gap configuration (de)activation/selection by DCI is FFS.
[Huawei] suggests that scheduling gaps may only be needed when the number of scheduled TBs is relatively large. [ZTE] proposes that the gaps are only supported in the interleaving case, that the gap position should be between the interleaved blocks, and that the gap is inserted when the product of the number of repetitions and the number of TBs exceeds an RRC configured threshold.
For unicast, discuss whether the use of scheduling gaps should be restricted to transmissions of a minimum transmission length and/or a minimum number of scheduled TBs.
[Sony] proposes that an MPDCCH transmission received during a scheduling gap can be used to achieve early termination of an ongoing multi-TB uplink transmission.
For unicast, discuss whether the use of scheduling gaps can be used to allow early termination of an ongoing (multi-TB) uplink transmission.
1.10	Interleaving
Several different views regarding the interleaving granularity are expressed in the contributions.
· [Huawei] proposes that the interleaving granularity is an integral multiple of the frequency hopping interval (Ych).
· [Lenovo] proposes that interleaving is performed every valid subframe for CE mode A and every Nacc absolute subframe for CE mode B.
· [LG] proposes that when interleaving is used, the cyclic (Nacc) repetition pattern should be preserved.
· [Nokia] proposes that interleaving is done every N subframes, where N may be fixed (e.g. the same as Ych) or configurable.
· [Sierra] proposes, for full-PRB transmission, that the TB changes every subframe in CE mode A and every N subframes in CE mode B, where N is configurable in the range {4, 8, 16}.
· [Xiaomi] proposes that the interleaving granularity equals the granularity of the frequency hopping or the RV cycle (or RRC configurable if neither frequency hopping nor RV cycle is configured).
· [ZTE] proposes that the interleaving granularity is the product of the number of frequency hopping narrowbands times the interleaving granularity configured for the non-hopping case. [ZTE] also proposes that the interleaving granularity design should be based on the TB length in the sub-PRB case.

For unicast full-PRB transmission in CE mode A, the interleaving granularity is 1 subframe.
For unicast full-PRB transmission in CE mode B, the interleaving granularity is to be down selected between the following options:
- Option 1: Equal to the frequency hopping interval (Ych) or a multiple of it
- Option 2: Equal to the accumulation interval (Nacc) or a multiple of it
- Option 3: Given by a new cell- or UE-specific configuration parameter
For unicast, the interleaving pattern, at least in the frequency hopping case, is FFS.
For unicast sub-PRB transmission, the interleaving granularity is FFS.
For unicast, the invalid subframe relation to the interleaving is FFS.
Furthermore, [ZTE] proposes that interleaving is triggered if the total transmission length (number of repetitions times number of TBs) is larger than a threshold.
1.11	Timing relationships
[Huawei] proposes to study the timing relationships between MPDCCH and each DL/UL TB and between each DL TB and the corresponding HARQ feedback.
For unicast, the timing relationships between MPDCCH and each DL/UL TB and between each DL TB and the corresponding HARQ feedback are FFS.
For unicast, for an MPDCCH ending in subframe N, the timing relationship for PDSCH is such that no PDSCH associated with the MPDCCH is received before subframe N+2.
For unicast, for an MPDCCH ending in subframe N, the timing relationship for PUSCH is such that no PUSCH associated with the MPDCCH is received before subframe N+4.
For unicast, for a PDSCH transmission ending in subframe N, the corresponding HARQ-ACK is transmitted no earlier than in subframe N+4.
For the individual (non-bundled) HARQ feedback case, [Lenovo] and [ZTE] propose that the start of the HARQ feedback is related to the end of the associated DL TB in the FD-FDD case but related to the end of the last DL TB in the HD-FDD case.
For the HARQ-ACK bundling case, [Intel], [Nokia] and [ZTE] propose that the start of the HARQ feedback should be based on the last DL TB.
For unicast, discuss whether the start of the HARQ feedback should be the same or can be different in the FD-FDD and HD-FDD cases. (Note that the answer may be different in the HARQ-ACK bundling and non-bundling cases.)
Furthermore, [Huawei] proposes to reduce the MPDCCH monitoring occasions for multi-TB scheduling.
2	Multicast
[Ericsson], [Nokia] and [ZTE] propose that the size of the DCI field indicating the number of scheduled TBs for SC-MTCH is 3 bits.
For multicast, the size of the DCI field indicating the number of scheduled TBs for SC-MTCH is 3 bits. 
[Nokia] and [ZTE] propose that the scheduling gaps can be configured by higher layers. [ZTE] proposes that the configuration is via SC-MCCH and has at least two values including ‘0’, i.e. ‘no gaps’. [Nokia] proposes that the possibility to also be able to dynamically enable/disable scheduling gaps in DCI is FFS.
For multicast, optional scheduling gaps can be configured by higher layers. It is left to RAN2 whether to do the configuration in SC-MCCH or SIB.
Furthermore, [Nokia] proposes to support interleaved transmission of TBs for multicast, and [LG] proposes to specify a DCI skipping mechanism which allows UE to periodically skip monitoring MPDCCH and directly read PDSCH for SC-MTCH based on a previous DCI.
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