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Introduction 
In this contribution, we provide our views on the following issues for NR-U:
· Cross-COT HARQ-ACK feedback and multiple HARQ-ACK opportunities
· Multi-TTI PUSCH scheduling
Discussion
Cross-COT HARQ-ACK feedback and multiple HARQ-ACK opportunities
In RAN1#96bis meeting [1], the potential solutions listed in the following table are considered to enable cross-COT HARQ-ACK feedback and multiple HARQ-ACK transmission opportunities (TxOPs) in NR-U, and our views are provided.
	Agreement from RAN1#96bis:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion



Triggering HARQ-ACK feedback when UE is configured in dynamic HARQ-ACK mode
In dynamic HARQ-ACK mode, NR-U will introduce group index (GI) field in a DCI scheduling a PDSCH to associate the PDSCH with a group, and the gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group. According to the agreement made in RAN1#96bis, we can categorize the candidate solutions as follows:
· Option 1: DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group cannot be enlarged after the first feedback transmission for the PDSCH group.
· Option 1a: C-DAI/T-DAI is accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH. [2][3]
· Option 1b: C-DAI/T-DAI is accumulated only within one PDSCH group, and some other enhancements are introduced to correctly determine codebook size when multiple PDSCH groups are requested to be reported in in the same PUCCH. [4]
· Option 2a: DCI can request HARQ-ACK feedback for a single PDSCH group, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group. [5][6]
· Option 2b: DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group.
In the following discussion, we provide analysis for each option. Based on the discussion, in Table I, we compare DCI overhead, reliability, and number of HARQ-ACK TxOPs that can be provided between the four options.

Table I. Comparison of different options for triggering HARQ-ACK feedback in dynamic HARQ-ACK mode
	
	Option 1a
	Option 1b
	Option 2a
	Option 2b

	DCI overhead
	6 bits = 2 bits (group index) + 4 bits (directly indicate PDSCH group(s) using a bitmap)
	4 bits = 2 bits (group index) + 2 bits (request for a number of consecutive PDSCH groups)
	2 bits = 1 bit (group index) + 1 bit (indicate new feedback for a PDSCH group)
	3 bits = 1 bit (group index) + 1 bit (indicate new feedback for a PDSCH group) + 1 bit (request for a number of consecutive PDSCH groups)

	Suffer from error cases that cannot be solved
	No
	Yes
	No
	Yes

	No. of TxOPs for HARQ-ACK of PDSCH
	Equal to or less than 4
	4
	Unlimited
	Unlimited



For Option 1a, the size of a PDSCH group cannot be enlarged to include later scheduled PDSCHs and acknowledged together when the gNB is aware that the HARQ-ACKs of the PDSCH group are pended/unreported/missed. In order to provide additional HARQ-ACK TxOP for a PDSCH group as many times as needed, a request (RQ) field larger than one bit should be introduced in the DCI requesting HARQ-ACK feedback for one or more PDSCH groups. In one scheme for Option 1a, as shown in Figure 1(a), a two-bit GI field and a two-bit RQ field are carried in the DCIs scheduling PDSCHs, where the RQ field is used for indicating number of the latest PDSCH groups that should be acknowledged together with current PDSCH group in the same PUCCH, e.g., only the lasted one PDSCH group (i.e., current one) is acknowledged if RQ = 00, the latest two PDSCH groups (i.e., current one and previous one) are acknowledged if RQ = 01, and so on. In this example, Option 1a can provide four HARQ-ACK TxOPs for a PDSCH group. In Figure 1(a), we can see that, since the HARQ-ACKs of PDSCH group #1 cannot be successfully reported in the four TxOPs (UCIs #1, #2, #3, and #4), no additional TxOP can be provided and retransmissions would be necessary. 
There is another issue in Option 1a has been identified in [6] and [7]. Some ambiguities may occur when the gNB schedules a HARQ-ACK feedback for a PDSCH group within a later PDSCH group. As the example shown in Figure 1b, the HARQ-ACK feedback of PDSCH group #1 is scheduled within PDSCH group #2. Since the HARQ-ACK feedback in UCI #1 is blocked, after the gNB is aware of the missed HARQ-ACK feedback, via the DCIs scheduling PDSCHs #4 and #5, it triggers a HARQ-ACK feedback in UCI #2 for PDSCH groups #1 and #2 by setting RQ = 01, and accumulates C-DAI/T-DAI across these two PDSCH groups. Also, since UCI #2 scheduled within PDSCH group #3 is also blocked, the gNB triggers a HARQ-ACK feedback in UCI #3 for PDSCH groups #1, #2 and #3 by setting RQ = 10 in the DCIs scheduling PDSCHs #8 and #9 after it is aware of the missed HARQ-ACK feedback. In this example, even C-DAI/T-DAI is accumulated across multiple PDSCH groups to indicate the number of PDSCHs in these PDSCH groups, we can see that C-DAI/T-DAI is not always continuously accumulated. Discontinuous DAI accumulation may cause errors case when there are missed PDCCHs/PDSCHs in these PDSCH groups since the UE may be confused about the exact locations of the missed PDCCHs/PDSCHs. 
In Figure 1(c), another scheme for Option 1a is discussed, which can solve the issue discussed above. In this scheme, the RQ field is used for directly indicating which PDSCH group(s) should be acknowledged in the same PUCCH. As shown in Figure 1(c), gNB indicates the UE reporting the HARQ-ACK feedback for PDSCH groups #1 and #3 together by setting the bitmap of RQ = 0101, and indicates the UE reporting for PDSCH groups #2 and #4 together by setting the bitmap of RQ = 1010. Since multiple PDSCHs groups acknowledged in the same PUCCH do not need to be consecutive, it can avoid the discontinuous DAI accumulation by appropriately selecting which PDSCH groups could be acknowledged together. However, in this scheme, the size of RQ field should be at least equal to the number of PDSCH groups that can be indicated by GI field, e.g., a 4-bit RQ field should be adopted for a 2-bit GI field. Moreover, as the example shown in Figure 1(c), we can see that if the UCI #3 or UCI #4 is also blocked, no additional TxOP can be provided for PDSCH groups #1 and #3 or PDSCH groups #2 and #4. Even the 4-bit RQ field is adopted, the number of HARQ-ACK TxOPs for a PDSCH group provided by this scheme may be less than four.



Figure 1. Examples of triggering HARQ-ACK feedback based on Option 1a

For Option 1b, contribution [4] proposed not to extend C-DAI/T-DAI accumulation across multiple PDSCH groups for which feedback is requested in the same PUCCH. Instead, C-DAI/T-DAI is accumulated only within one PDSCH group, and T-DAI is enhanced to indicate the total number of PDSCHs within a PDSCH group. As shown in Figure 2(a), since the number of PDSCHs in a PDSCH group can be correctly determined by the enhanced T-DAI even the last PDSCH(s) in the PDSCH group is misdetected by the UE, it can also avoid the issue faced with the scheme in the example shown in Figure 1(b). However, if all the PDSCHs in a PDSCH group are misdetected by the UE, the UE still cannot know how many PDSCHs should be acknowledged in the PDSCH group. It would cause error cases when multiple PDSCH groups are requested to be acknowledged in the same PUCCH. In [4], the problem is solved by defining a minimum size (in terms of PDSCHs) for a PDSCH group. For example, a minimum size of two is assumed for a PDSCH group, and the UE reports two NACKs for each missed PDSCH group. Unfortunately, this scheme cannot work reliability because ambiguities may still happen. For example, as shown in Figure 2(b) and Figure 2(c), in both cases, the UE generates and reports the same HARQ-ACK results for PDSCH groups #1, #2, and #3 in UCI #3 to the gNB. For the gNB, these is no way to discriminate which one is the actual case received by the UE. 

Observation 1: For Option 1a (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group cannot be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH), the maximum number of HARQ-ACK TxOPs for a PDSCH group is limited by the size of request field in DCI requesting HARQ-ACK feedback for one or more PDSCH groups, where the actual number of TxOPs cannot be guaranteed.
Observation 2: Option 1b (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group cannot be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated only within one PDSCH group) cannot operate without ambiguity when multiple PDSCH groups are requested to be acknowledged in the same PUCCH but one/some of the groups are misdetected by the UE.



Figure 2. Examples of triggering HARQ-ACK feedback based on Option 1b

For Option 2a, a PDSCH group can be dynamically enlarged to include later scheduled PDSCHs and acknowledged together when the gNB is aware that the HARQ-ACKs of the PDSCH group are pended/unreported/missed, and C-DAI/T-DAI is always accumulated for all PDSCHs in the group. In this way, the PUCCH resources provided for later scheduled PDSCHs could be always taken as additional TxOPs until the PDSCH group is successfully acknowledged. Thus, Option 2a can provide unlimited number of HARQ-ACK TxOPs for a PDSCH group. Once the HARQ-ACKs of a PDSCH group are successfully received by the gNB, a toggle bit, new feedback indicator (NFI), is used to reset the PDSCH group and corresponding C-DAI/T-DAI accumulation. Correspondingly, the UE always generates a codebook including HARQ-ACKs for all PDSCHs in a PDSCH group with the same NFI (not toggled). Compared to Option 1, Option 2a works reliably without ambiguity. As the examples shown in Figure 3(a), Figure 3(b), and Figure 3(c), Option 2a solves above mentioned issues faced with Option 1. Furthermore, a 1-bit GI field is sufficient for PDSCH grouping. Only two bits DCI overhead including a 1-bit GI field and a 1-bit NFI is caused by Option 2a.  
For Option 2b, a DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group. However, similar to Option 1b, since C-DAI/T-DAI is accumulated only within a PDSCH group, Option 2b may face error cases when multiple PDSCH groups are requested to be acknowledged in the same PUCCH but one/some of the groups are misdetected by the UE.

Observation 3: Option 2a (DCI can request HARQ-ACK feedback for a single PDSCH group, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group) works reliably without ambiguity, and it requires less DCI overhead and provides unlimited number of HARQ-ACK TxOPs for a PDSCH group.
Observation 4: Option 2b (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group) cannot operate without ambiguity when multiple PDSCH groups are requested to be acknowledged in the same PUCCH but one/some of the groups are misdetected by the UE.
Proposal 1: For dynamic HARQ-ACK mode, Option 2a should be supported.
· PDSCH grouping by signalling a group index in DCI scheduling the PDSCH
· The number of PDSCHs in a PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback retransmission
· C-DAI/T-DAI is accumulated within a PDSCH group
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in a single PDSCH group
· Introduce new feedback indictor in DCI scheduling the PDSCH to indicate UE whether previous HARQ-ACK in the same PDSCH group needs to be re-transmitted



Figure 3. Examples of triggering HARQ-ACK feedback based on Option 2a
Triggering one-shot group HARQ-ACK feedback for all configured HARQ processes
Triggering one-shot group HARQ-ACK feedback for all configured HARQ processes is a simple and robust scheme for providing additional TxOPs for pended/unreported/missed HARQ-ACK feedbacks, where only one-bit request field is required in a triggering DCI. However, the corresponding HARQ-ACK codebook results in large UCI payload, especially when multiple CBGs are taken into account. 
When UE is configured in semi-static HARQ-ACK mode, one-shot group HARQ-ACK feedback can be used since robustness is more crucial in this mode rather than resource efficiency. Once the UE receives positive request in a DCI scheduling PDSCH, it shall reports HARQ-ACKs for all configured HARQ processes instead of a semi-static HARQ-ACK codebook. Also, the request/trigger for one-shot group HARQ ACK feedback can be supported in a PUSCH grant to carry the large payload of HARQ-ACKs for all configured HARQ processes.
In NR-U, CBG-level retransmission becomes more important since much more variations in the time domain interference are expected. We see that CBG-level HARQ-ACK feedback should not be excluded in one-shot group HARQ-ACK feedback. However, to reduce the large payload size, a compression scheme should be introduced. 　

Proposal 2: For semi-static HARQ-ACK mode, the gNB can request/trigger one-shot group HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI carrying PUSCH grant or PDSCH assignment
· CBG-level HARQ-ACK feedback should be supported in one-shot group HARQ-ACK feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-ACK feedback

[bookmark: _GoBack]When UE is configured in dynamic HARQ-ACK mode, triggering HARQ-ACK feedback based on dynamic PDSCH grouping already provides unlimited number of HARQ-ACK TxOPs in a reliable and efficient way (e.g., Option 2a). Furthermore, DCI overhead caused by dynamic PDSCH grouping is not high (e.g., only two bits are required for Option 2a), one-shot group HARQ-ACK feedback doesn’t show much advantage of overhead saving. Thus, when a UE is configured in dynamic HARQ-ACK feedback mode, one-shot group HARQ-ACK feedback for all configured HARQ processes is not necessary.

Proposal 3: For dynamic HARQ-ACK mode, triggering one-shot group HARQ-ACK feedback for all configured HARQ processes is NOT supported.

Providing multiple frequency domain transmission opportunities in advance
To increase the probability for reporting a HARQ-ACK feedback as it will be subject to LBT before transmission, it is desirable to provide multiple TxOPs in advance. Since the UE does not need to await a new PUCCH/PUSCH resource assigned by e.g., the gNB triggering though a separate DCI, the additional latency can be avoided to facilitate more efficient HARQ procedure. Providing a set of candidate PUCCH resources distributed in different 20 MHz LBT subbands for a HARQ-ACK feedback is one of mechanisms to provide LBT diversity. The UE performs LBT for each candidate PUCCH resource, and selects one or multiple available PUCCH resources to report the HARQ-ACK feedback. Since simultaneous PUCCH is not supported in NR Rel-15, this feature should be agreed first before allowing reporting UCI repeatedly on more than one available PUCCH resources at the same time.
In the case of a single wideband carrier comprising multiple 20 MHz LBT subbands, we see that the following designs could be considered to provide multiple candidate PUCCH resources for a same HARQ-ACK feedback in frequency domain:
· Multiple candidate PUCCH resources for a same UCI report could be provided by the following alternatives:
· RRC configuring multiple starting PRBs in a same PUCCH resource, where each starting PRB is corresponding to a frequency domain candidate resource.
· RRC configuring multiple resource lists in a same PUCCH resource set, where each candidate PUCCH resource is configured in a separate resource list.
· RRC configuring multiple PUCCH resource sets with the same maximum payload size, where each candidate PUCCH resource is configured in a separate PUCCH resource set.
Then, these candidate PUCCH resources can be selected using a resource indicator in a DCI requesting a HARQ-ACK feedback. In this way, the number of DCI fields does not need to be increased for introducing multiple unique resource indicators.
· If the number of candidate PUCCH resources for a same HARQ-ACK feedback in the same slot is more than one, the formats of these candidate PUCCH resources should be consistent to avoid efforts that the UE shall prepare multiple PUCCHs for a UCI report and the gNB shall detect different PUCCHs on different subbands.
· To avoid unnecessary uplink resource overhead, multiple candidate PUCCH resources should be only activated for the UE suffering from frequent LBT failures. In addition, if candidate PUCCH resources fall outside of the gNB-initiated COTs, the UE should be indicated whether to report UCI on these PUCCH resources. For example, if the gNB attempts to acquire COTs in the subbands where some PUCCH resources are located, the uplink transmissions should be avoided on these subbands. Hence, if a UE is provided with multiple frequency domain candidate PUCCH resources for a UCI report, there could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources.

Proposal 4: Multiple transmission opportunities for a HARQ-ACK feedback by providing multiple candidate PUCCH resources distributed in different LBT subbands within a carrier should be supported in NR-U.
· Candidate PUCCH resources can be configured by RRC and indicated using a resource indicator in DCI
· The formats of candidate PUCCH resources in the same slot should be consistent
· There could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources

In the case of a UE configured with multiple carriers, providing a set of candidate PUCCH resources distributed in different carriers for a HARQ-ACK feedback can also provide LBT diversity. However, allocating PUCCH resources on multiple carriers would essentially establish new PUCCH cells, which leads to specification and implementation impacts, as changes are needed on resource configurations, resource allocation mechanisms, power control, UL prioritization rules, UCI multiplexing rules, etc. On other hand, if a wideband carrier already spans multiple 20MHz subbands, it can also provide LBT diversity for a HARQ-ACK feedbackse ly establish aestion 2anowledged together H . Consider the required specification and implementation efforts, significant gains should be identified before allowing PUCCH resource allocation on SCells other than PCell/PSCell/PUCCH-SCell.

Proposal 5: Due to specification and implementation efforts, no need to consider PUCCH resource allocation on SCells other than PCell/PSCell/PUCCH-SCell if no significant gain is identified.

Multi-TTI PUSCH scheduling
In RAN1#96, it was agreed that NR-U supports at least continuous multiple slot/mini-slot PUSCHs with separate TBs scheduled by a single UL grant, where each TB is mapped to at most one slot/mini-slot. Regarding DCI design, we summarized the DCI indications in a multi-TTI grant in Table II.

Table II. DCI design with respect to multi-TTI PUSCH scheduling in NR-U
	DCI indication
	PUSCH-common/
PUSCH-specific
	Reuse NR Rel-15/Enhancement is needed

	Identifier for DCI formats
	PUSCH-common
	Reuse NR Rel-15

	Carrier indicator
	PUSCH-common
	Reuse NR Rel-15

	UL/SUL indicator
	PUSCH-common
	Reuse NR Rel-15

	Bandwidth part indicator
	PUSCH-common
	Reuse NR Rel-15

	Frequency domain resource assignment
	PUSCH-common
	Reuse NR Rel-15

	Frequency hopping flag
	PUSCH-common
	Reuse NR Rel-15

	Modulation and coding scheme
	PUSCH-common
	Reuse NR Rel-15

	TPC command for scheduled PUSCH
	PUSCH-common
	Reuse NR Rel-15

	Precoding information and number of layers
	PUSCH-common
	Reuse NR Rel-15

	Antenna ports
	PUSCH-common
	Reuse NR Rel-15

	PTRS-DMRS association
	PUSCH-common
	Reuse NR Rel-15

	beta_offset indicator
	PUSCH-common
	Reuse NR Rel-15

	DMRS sequence initialization
	PUSCH-common
	Reuse NR Rel-15

	UL-SCH indicator
	PUSCH-common
	Reuse NR Rel-15

	1st downlink assignment index
	PUSCH-common
	Reuse NR Rel-15

	2nd downlink assignment index
	PUSCH-common
	Reuse NR Rel-15

	SRS resource indicator
	PUSCH-common
	Reuse NR Rel-15

	SRS request
	PUSCH-common
	Reuse NR Rel-15

	CSI request
	PUSCH-common
	Reuse NR Rel-15

	LBT related indications (e.g., LBT type and priority class)
	PUSCH-common
	Enhancement is needed

	Time domain resource assignment
	PUSCH-specific
	Enhancement is needed

	HARQ process ID
	PUSCH-specific
	Enhancement is needed

	Retransmission indication (e.g., NDI and CBGTI in NR)
	PUSCH-specific
	Enhancement is needed

	Redundancy version
	PUSCH-specific
	Enhancement is needed


In the followings, we provide our views on the enhancements to time domain resource assignment, HARQ process ID, and retransmission indication for multi-TTI PUSCH scheduling:
· Time domain resource assignment
Similar to the DCI design for multi-subframe scheduling (DCI format 0B/4B) in LTE-LAA, the the starting symbol of the first PUSCH, the ending symbol of the last PUSCH, and the number of PUSCHs (TTIs) could be adopted to allocate time domain resources for multi-TTI scheduling in NR-U. The starting and ending symbols can be derived by reinterpreting SLIV indication used in NR Rel-15.
Some companies want to introduce multiple mini-slot PUSCHs scheduled at least in the beginning of an UL burst to increase channel access opportunities. Thus, additional signaling would be necessary for indicating about the number of allowed mini/full slots. However, if multiple starting positions within a PUSCH transmission is supported in NR-U, i.e., transmission is not restricted at slot boundary, we see that scheduling multiple mini-slot PUSCHs using a single UL grant is not necessary, which may lead to larger DMRS overhead and number of required HARQ processes. Whether to allow multiple starting positions within a scheduled PUSCH transmission is still under discussion in AI 7.2.2.1.3.
Proposal 6: Multi-subframe scheduling in LTE-LAA could be considered as a starting point for DCI design of time domain resource assignment for multi-TTI scheduling in NR-U.
Proposal 7: If multiple starting positions within a scheduled PUSCH transmission is allowed in NR-U, multiple mini-slot PUSCHs scheduling using a single grant is not necessary.

· HARQ process ID
Similar to the DCI design for multi-subframe scheduling (DCI format 0B/4B) in LTE-LAA, the HARQ process ID for the first PUSCH is explicitly indicated and the HARQ process ID for the following PUSCHs can be implicitly derived in a pre-defined manner, e.g., incrementing by 1 for subsequent PUSCHs.
Proposal 8: Multi-subframe scheduling in LTE-LAA could be considered as a starting point for DCI design of HARQ process number indication for multi-TTI scheduling in NR-U.

· Retransmission indication
If the retransmission indication including NDI (1 bit) and CBGTI (0, 2, 4, 6, or 8 bits) in NR rel-15 is directly reused in NR-U multi-TTI scheduling, the DCI overhead of a multi-TTI grant would be significantly increased since both NDI and CBGTI should be indicated per PUSCH. For example, a multi-TTI grant schedules up to 8 PUSCHs, and 8 CBGs per TB is configured. Then, up to 72 bits payload are required for NDI and CBGTI indications. In NR-U, CBG-level retransmission becomes more important since much more variations in the time domain interference are expected. Moreover, if multiple starting positions within a scheduled PUSCH transmission are supported in NR-U, since some symbols may be dropped depending on LBT outcome, it is favourable to retransmit the not-transmitted or partially transmitted CBG(s) instead of the entire TB. 
To reduce payload size resulted from retransmission indication, we see that enhancement is necessary. In one of the possible enhancements, NDI and CBGTI can be combined into a single retransmission indication field that explicitly indicates initial transmission or retransmission for each HARQ process in TB-level or CBG-level, as shown in Figure 4. Meanwhile, since CBG-level retransmission is not necessary for some cases, e.g., HARQ process without correctly detected/decoded CBGs, and HARQ process with initial transmission, we can limit the maximum number of CBG-level retransmissions that can be scheduled by a multi-TTI grant (e.g., through an RRC parameter) to constraint the size of the retransmission indication field. In addition to the retransmission indication field, a field is introduced to indicate whether each of the retransmission indications is TB-level or CBG-level. In the example shown in Figure 4, the maximum number of CBG-based retransmissions in the multi-TTI grant is limited to 4, a multi-TTI grant can schedule up to 8 PUSCHs, and 8 CBGs per TB is configured. Then, up to 44 bits payload are required. Note that without this enhancement, up to 72 bits are required.
Proposal 9: Introduce following schemes to reduce payload size from retransmission indication in a multi-TTI grant
· Limit the maximum number of CBG-based retransmissions in the multi-TTI grant through an RRC parameter
· UE determines which of the HARQ processes correspond to TB/CBG-based retransmission through explicit indication in the multi-TTI grant

[image: ]
Figure 4. A possible enhancement to retransmission indication for NR-U multi-TTI scheduling

Conclusion
In this contribution, HARQ operation and multi-TTI scheduling for NR-U operation were discussed. Based on the discussion in the previous sections, we made the following observations and proposals:

Cross-COT HARQ-ACK feedback and multiple HARQ-ACK opportunities
Observation 1: For Option 1a (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group cannot be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH), the maximum number of HARQ-ACK TxOPs for a PDSCH group is limited by the size of request field in DCI requesting HARQ-ACK feedback for one or more PDSCH groups, where the actual number of TxOPs cannot be guaranteed.
Observation 2: Option 1b (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group cannot be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated only within one PDSCH group) cannot operate without ambiguity when multiple PDSCH groups are requested to be acknowledged in the same PUCCH but one/some of the groups are misdetected by the UE.
Observation 3: Option 2a (DCI can request HARQ-ACK feedback for a single PDSCH group, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group) works reliably without ambiguity, and it requires less DCI overhead and provides unlimited number of HARQ-ACK TxOPs for a PDSCH group.
Observation 4: Option 2b (DCI can request HARQ-ACK feedback for one or more PDSCH groups, where a PDSCH group can be enlarged after the first feedback transmission for the PDSCH group; C-DAI/T-DAI is accumulated within a PDSCH group) cannot operate without ambiguity when multiple PDSCH groups are requested to be acknowledged in the same PUCCH but one/some of the groups are misdetected by the UE.
Proposal 1: For dynamic HARQ-ACK mode, Option 2a should be supported.
· PDSCH grouping by signalling a group index in DCI scheduling the PDSCH
· The number of PDSCHs in a PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback retransmission
· C-DAI/T-DAI is accumulated within a PDSCH group
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in a single PDSCH group
· Introduce new feedback indictor in DCI scheduling the PDSCH to indicate UE whether previous HARQ-ACK in the same PDSCH group needs to be re-transmitted
Proposal 2: For semi-static HARQ-ACK mode, the gNB can request/trigger one-shot group HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI carrying PUSCH grant or PDSCH assignment
· CBG-level HARQ-ACK feedback should be supported in one-shot group HARQ-ACK feedback
· FFS: compression scheme to reduce payload size due to CBG-level HARQ-ACK feedback
Proposal 3: For dynamic HARQ-ACK mode, triggering one-shot group HARQ-ACK feedback for all configured HARQ processes is NOT supported.
Proposal 4: Multiple transmission opportunities for a HARQ-ACK feedback by providing multiple candidate PUCCH resources distributed in different LBT subbands within a carrier should be supported in NR-U.
· Candidate PUCCH resources can be configured by RRC and indicated using a resource indicator in DCI
· The formats of candidate PUCCH resources in the same slot should be consistent
· There could be a DCI signalling to dynamically activate/deactivate the candidate PUCCH resources
Proposal 5: Due to specification and implementation efforts, no need to consider PUCCH resource allocation on SCells other than PCell/PSCell/PUCCH-SCell if no significant gain is identified.

Multi-TTI PUSCH scheduling
Proposal 6: Multi-subframe scheduling in LTE-LAA could be considered as a starting point for DCI design of time domain resource assignment for multi-TTI scheduling in NR-U.
Proposal 7: If multiple starting positions within a scheduled PUSCH transmission is allowed in NR-U, multiple mini-slot PUSCHs scheduling using a single grant is not necessary.
Proposal 8: Multi-subframe scheduling in LTE-LAA could be considered as a starting point for DCI design of HARQ process number indication for multi-TTI scheduling in NR-U.
Proposal 9: Introduce following schemes to reduce payload size from retransmission indication in a multi-TTI grant
· Limit the maximum number of CBG-based retransmissions in the multi-TTI grant through an RRC parameter
· UE determines which of the HARQ processes correspond to TB/CBG-based retransmission through explicit indication in the multi-TTI grant
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PS: maximum number of CBG-level retransmissions = 4





