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1. Introduction
NR Work Item [1] on NR-based access to unlicensed spectrum has been approved in RAN plenary #82. To maximize the applicability of NR-based access, it is beneficial to specify solutions applicable to unlicensed bands scenarios as part of the NR development. In this contribution, we consider the changes and enhancements needed for HARQ feedback and scheduling for NR unlicensed scenarios. Previous RAN1 agreements on these topics are listed in Appendix 1. 
2. Multi-TTI PUSCH scheduling
Main step in the DCI design for multi-TTI PUSCH scheduling is the identification of parameters that need to be signaled per scheduled PUSCH as well as parameters that can be common for all scheduled PUSCHs together with related signaling mechanisms. In RAN1#97 [5], following agreement was made:
Agreement: For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15   
We see that a single DCI field is enough for several PUSCH scheduling DCI elements also in multi-TTI DCI. In addition to those agreed on RAN1#97, such fields include also DCI format identifier, carrier indicator, BWP indicator, frequency domain RA, TPC command, and beta offset.
Based on RAN1#97 discussions, following DCI fields and related signalling mechanism require further considerations:  
· A field for the number of scheduled PUSCH TTIs is introduced. 
· Time domain resource assignment. In RAN1#97, it was agreed that resource assignment continuous in time is at least supported. Focusing on essential NR-U functionalities, we do not see need to support non-continuous time assignments and we do not consider specific optimisations for multiple starting points among the scheduled PUSCHs for Rel-16 NR-U. Hence, we propose 
· The signalled slot offset and starting symbol relate to the first scheduled PUSCH. Single Type B PUSCH is allowed within the first slot.
· The indicated PUSCH duration is indicates the duration for the last scheduled PUSCH. 
· Other slots except the first and last scheduled PUSCH use 14 symbols and Type A mapping. 
· RV was agreed in RAN1#97 to be signalled per PUSCH, with further studies on possible RV compression schemes. We do not see for further compression of RV field, as the compression schemes inevitably involve undesirable limitations on the RV scheduling.   
· MCS field may common for all scheduled PUSCHs. As the optimal MCS may vary per PUSCH depending whether the TB is transmitted for the first time or re-transmitted, a common MCS can occasionally lead to non-optimal link adaptation. However, as gNB can dynamically select also single TTI scheduling, we see this loss to be acceptable, and propose single MCS field common for all scheduled PUSCHs
· As we propose time continuous uplink transmission, the channel access for the multi-TTI PUSCH burst is performed only once at the beginning of the UL burst. Hence, channel access related DCI fields are common for all scheduled PUSCHs.
· In RAN1#97, it was agreed that CSI request field applies to a single PUSCH, but the selection of PUSCH carrying the CSI feedback was left for further studies. For the simplicity of design, we propose that the CSI feedback is carried on the first PUSCH and Rel15 NR timing for the triggered CSI-RS is followed.
· UL-SCH indicator. We do not see need for this field in the context of multi-TTI PUSCH scheduling. 
· Frequency hopping flag. Frequency hopping across multiple LBT sub-bands can be rather complicated as a separate LBT needs to be carried out before each frequency hop. On the other hand, transmission can be switched to interlaced allocation within single LBT sub-band. Hence, we do not see need to support frequency hopping for NR-U PUSCH.  
· CBGTI: discussed separately below
[bookmark: _Hlk7791945]Proposal 1: On the time domain resource assignment of multi-TTI DCI, the signaled slot offset and starting symbol relate to the first scheduled PUSCH; single Type B PUSCH is allowed within the first slot; and the indicated PUSCH duration indicates the duration for the last scheduled PUSCH. 
Proposal 2: For multi-TTI scheduling DCI: a field for the number of scheduled TTIs is introduced; UL-SCH indicator and frequency hopping flag are not included; and single MCS field is common for all PUSCHs.
CBG transmission information (CBGTI) is clearly PUSCH specific information and it can be up to 8 bits, depending on the CBG configuration. Due to the large field size, the operation of CBG transmission with multi-TTI PUSCH scheduling was discussed in RAN1#97. The identified options for signalling the CBGTI field in the DCI include:
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· In this option the reserved bits are efficiently used for retransmissions.
· Option 2: per PUSCH
· This can easily lead to too large DCI overhead, while the bits reserved for CBGTI are used only for a fraction of time for retransmissions.
· Option 3: only for a fixed number of PUSCHs
· This provides manageable DCI overhead, but also in this option the bits reserved for CBGTI are partially “wasted” for initials transmissions. Further, the operation of CBG-based retransmission can be degraded, as CGBTI is provided only for a fraction of retransmissions.
Multi-TTI DCI format will be configured to support scheduling for a certain maximum number of PUSCHs. However, the number of PUSCHs actually scheduled with the multi-TTI DCI is frequently less than the maximum number of PUSCHs supported by the DCI configuration. Correspondingly, a number of PUSCH specific DCI fields like NDI and RV are left unused. These unused fields should be used to convey CBGTI, in addition to a specific field reserved for CBGTI. Hence, the number of re-transmitted PUSCHs for which CBGTI is provided would increase when multi-TTI DCI is used to schedule less than the maximum number of PUSCHs. This way the size of DCI field reserved explicitly for CBGTI would remain reasonable while achieving sufficiently flexible scheduling of CBG-based retransmissions. Limitation on number of re-transmitted PUSCH for which CBGTI field is signalled could be simply based on the total number of bits available for CBGTI (including the specific CBGTI field and unused NDI and RV bits).
For example, let’s assume that UE is configured with 4-bit CBGTI and just single CBGTI field is configured to the multi-TTI DCI. In Table 1, we show the number of DCI bits available for CBGTI when unused NDI and RV fields are also used. In Table 1, the multi-TTI DCI is configured to support PUSCH scheduling up to 4 and 8 TTIs. On the examples shown on the table, 2, 4 or 6 TTIs are actually scheduled for UE. In several examples, CBGTI can be provided for all scheduled PUSCHs. In the case where the number of scheduled PUSCHs is equal to the maximum number of PUSCHs supported by the multi-TTI DCI configuration, only the CBGTI field is available for CBGTI indication. From the examples in Table 1, it is seen that the use of unused NDI and RV fields for CBGTI can significantly increase the number of PUSCH for which CBGTI can be provided. This improves the operation of CBG-based retransmissions while keeping the CBGTI overhead acceptable. 
Table 1. Examples on the number of DCI bits available for CBGTI when unused NDI and RV bits are utilized.
	  Number of scheduled PUSCHs
	Max number of PUSCHs schedulable with the configured multi-TTI DCI

	
	4
	8

	2
	CBGTI field:            4 bits
Unused NDI fields:       2 bits
Unused RV fields:        4 bits
Bits available for CBGTI: 10 bits

CBGTI can be provided for all scheduled PUSCHs
	CBGTI field:            4 bits
Unused NDI fields:       6 bits
Unused RV fields:       12 bits
Bits available for CBGTI: 22 bits

CBGTI can be provided for all scheduled PUSCHs

	4
	CBGTI field:            4 bits
Unused NDI fields:       0 bits
Unused RV fields:        0 bits
Bits available for CBGTI:  4 bits

CBGTI can be provided for one PUSCH
	CBGTI field:            4 bits
Unused NDI fields:       4 bits
Unused RV fields:        8 bits
Bits available for CBGTI: 16 bits

CBGTI can be provided for all scheduled PUSCHs

	6
	n/a
	CBGTI field:            4 bits
Unused NDI fields:       2 bits
Unused RV fields:        4 bits
Bits available for CBGTI: 10 bits

CBGTI can be provided for 2 PUSCHs


DCI overhead due to CBGTI is compared in Table 2 between the options identified in RAN1#97. Additionally, we consider a variant of option 1 (denoted as option 1-b) where unused NDI and RV fields are utilized for CBGTI signalling in addition to a semi-static CBGTI field of configurable size. CBGTI is provided for the M first re-transmitted PUSCHs, where M depends on the overall number of DCI bits (including unused NDI and RV fields) available for CBGTI signalling. For the examples considered in Table 2:     
· It is assumed that multi-TTI DCI is configured to support PUSCH scheduling up to 4 or 8 TTIs, and 2, 4, or 6 TTIs are scheduled, from which 2 TTIs are re-transmissions. 
· In all cases, CBGTI can be provided for both re-transmitted PUSCHs, except in two cases with option 3 (CBGTI provided only for a fixed number of PUSCHs). Those cases are highlighted with orange. In the examples for option 3, the CBGTI is provided for 2 scheduled first PUSCHs. However, the retransmitted PUSCHs may be in any order among the scheduled PUSCHs and, hence, CBGTI can be provided for only a fraction of retransmitted PUSCHs with option 3. 
· On the other hand, it is easily seen that option 2, CBGTI per PUSCH, leads to excessive DCI overhead.  
· Option 1-b, CBGTI per re-transmitted PUSCH, supports sufficiently CBG-based re-transmissions while keeping the DCI overhead acceptable when unused NDI and RV fields are utilized for CBGTI. In the examples shown, the utilization of unused NDI and RV fields reduces DCI overhead to half when compared to baseline option 1. 
Based on discussion above, we propose the option 1-b, where unused NDI and RV fields are utilized for CBGTI signalling in addition to a semi-static CBGTI field of configurable size: 
Proposal 3: CBG-based re-transmission is supported for multi-TTI scheduling based on option 1-b: CBGTI is provided for a predefined number of re-transmitted PUSCHs. Unused NDI and RV fields are utilized for CBGTI signalling to maintain CBGTI overhead acceptable.




Table 2. Examples on the DCI overhead due to CBGTI (4bits assumed per one CBGTI field)
[image: ]
When considering the scheduling of NR-U uplink in the Scenario A (Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)), cross-carrier scheduling of NR-U PUSCH from a licensed-band NR cell offers clear benefits. In particular, the inherent uncertainties of unlicensed access do not affect the scheduling PDCCH on licensed band but are limited only to actual NR-U PUSCH transmission and reception. Hence, UL cross-carrier scheduling from a licensed-band NR cell should be supported in NR-U. In the case of Scenario A, the licensed band scheduling carrier may use lower SCS (15kHz) than the unlicensed band scheduled carrier (30kHz). It was identified during Rel-15 NR WI that multi-TTI scheduling would be beneficial for cross-numerology scheduling from low SCS to high SCS. Further, the cross-carrier scheduling mechanism across different numerologies was completed in RAN1#97 [5]. Hence, we propose that NR-U multi-TTI scheduling supports also cross-numerology scheduling across carriers. If multi-TTI DCI format would be DCI format 0_1 configured with maximum number of schedulable TTI and cross-carrier scheduling (CIF included), there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.   
[bookmark: _Hlk4755928]Observation 1: Cross-numerology cross-carrier scheduling is beneficial for NR-U PUSCH scheduling especially in the case of Scenario A (CA with NR cells) deployment.
Observation 2: If multi-TTI DCI format would be a DCI format 0_1 configured with maximum number of schedulable TTIs and cross-carrier scheduling for the scheduled cell (CIF included), there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.
We think that multi-TTI scheduling should be configured by configuring a maximum number of schedulable TTIs  for a DCI format 0_1. And additional field “Number of scheduled TTIs” would be present in the format, which would enable dynamic scheduling of  TTIs, where . The single TTI could be still scheduled with lower PDCCH overhead using DCI format 0_0. Other option would be to introduce a separate Format 0_2 in addition to 0_1, however, this would complicate the monitoring, as maximum number of DCI format scrambled with C-RNTI is 3 and total 4. Complicated rules on how to full-fill this limit had to be define for R15 already and adding one more C-RNTI format would make it even worth. 
Proposal 4:  Multi-TTI PUSCH scheduling is configured in NR-U by configuring a maximum number of schedulable TTIs  for DCI format 0_1
· when  >1, an additional field “Number of scheduled TTIs” would be present in the format, which would indicate dynamically the number of scheduled TTIs , where .
3. PDSCH HARQ feedback over unlicensed band
When HARQ feedback is transmitted over an unlicensed band, channel contention creates additional challenges: channel contention may delay HARQ feedback unpredictably, and hidden node problem and bursty interference may cause occasional HARQ feedback detection failures. Although the UE can transmit the HARQ feedback in most of the cases (e.g. with Cat 1 channel access), there is also the possibility that UE LBT is used for HARQ feedback, and the HARQ feedback transmission is blocked by UE LBT. Hence, mechanism for additional HARQ feedback transmission opportunities is supported in NR-U. We consider the remaining enhancements for dynamic HARQ codebook and semi-static codebook in Sections 3.1 and 3.2 respectively.
3.1 Enhancements for dynamic HARQ codebook 
In RAN1#97 [5], following agreement was made to support additional HARQ feedback reporting with dynamic HARQ codebook: 

Agreement: For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling
In RAN1#97, it was agreed that T-DAI is included only for the scheduled group or that T-DAI is included for each group. The latter option may increase the reliability on the overall codebook size, but at price of increased DCI overhead. Further, gNB can always request feedback only for one PDSCH group per PUCCH if there is concern on the joint codebook size reliability. Hence, we do not see need to include T-DAI for each group. It is sufficient to have T-DAI included only for the scheduled group.
Proposal 5: T-DAI is included only for the scheduled group. 
The maximum number of PDSCH groups was also left for further studies. In RAN1#97, it was agreed that the number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group. Hence multiple successive feedback transmission opportunities can be triggered for the same group while the same group is used in further scheduling of PDSCHs. Hence, we do not see need for more than 2 PDSCH groups. Further, increasing the number of the groups will increase also the size of corresponding DCI fields, unnecessarily increasing DCI size. Hence, we propose that the maximum number of PDSCH groups is 2.
Proposal 6: Maximum number of PDSCH groups is 2.
3.2 Enhancements for semi-static HARQ codebook 
Rel-15 Type 1 HARQ codebook can be used as such for the baseline HARQ feedback reporting in the NR-U. However, we see two situations for which semi-static HARQ codebook enhancements are required:
· Case 1: HARQ feedback for the last PDSCH(s) of previous COT, for which a non-numerical PDSCH-to-HARQ-timing-indicator value is indicated to postpone the HARQ feedback, should be incorporated to the semi-static HARQ codebook. This is a part of functionality found essential for NR-U in [6].
· Case 2: Additional HARQ feedback reporting opportunities should be supported for the PDSCHs in earlier COTs. 
For the Case 1, simple enhancement is proposed in [7], [8]: Additional bit (or bits e.g. in case of CBG) is reserved for the PDSCH with postponed feedback from previous COT, and the bit is appended to the semi-static HARQ codebook determined based on the configured PDSCH-to-HARQ-timing-indicator values (as in Rel-15). 
It needs to be considered whether it is enough to reserve bits in a codebook only for a single postponed PDSCH feedback, or whether it should be possible to reserve bits for more than one postponed PDSCH feedback. In the case of 30 kHz SCS, PDSCH decoding time may be 13 symbols. In the case that PUCCH in following slot n+1 starts before symbol #13, the feedback for PDSCH in slot n needs to be postponed – as well as the feedback for PDSCH at beginning of slot n+1. From that perspective, it should be possible to reserve bits for more than one postponed PDSCH feedback.  
The number of additional bits may be semi-statically configured. In the case that bits are reserved for more than one postponed PDSCH feedback, the correct order of postponed HARQ A/Ns needs to be determined. One possibility could be to order the bits according to the DL DAI included to PDSCH scheduling DCI. With semi-static codebook, DAI field is present in Rel15 DCI 1_0, but not in Rel15 DCI 1_1. Also other possibilities for the ordering of bits could be investigated.
[bookmark: _Hlk7792584]Proposal 7: Additional bit or bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1.
For the Case 2, appending of semi-static codebooks that are determined separately for each PDSCH group can be used to support Option 1. However, appending multiple semi-static codebooks may easily lead to a larger payload than a simpler method: HARQ feedback is reported in a one shot for all configured HARQ processes. Correspondingly, the one-shot HARQ ACK retransmission for all configured HARQ processes was found to be essential NR-U in [6], while the group based HARQ ACK retransmission for semi-static codebook was regarded as an optimization feature.
With one-shot HARQ feedback retransmission for all configured HARQ processes, there is one specific error case that needs to be addressed: after UE has sent ACK for a certain HARQ process, gNB may sent new data on the HARQ process and UE may miss the PDSCH assignment with new data indication. When UE is requested for HARQ feedback, UE will not send NACK for the new data that it missed, but it will send the ACK for the previous data. To solve this error case, it has been proposed that the latest NDI value is transmitted for each HARQ process either in the triggering DCI or contained to the HARQ feedback report. It has also been proposed that a HARQ-ACK reset indicator is included for each HARQ process in the triggering DCI. Both solutions increase the related DCI or UCI overhead significantly, especially when non-CBG HARQ feedback is reported.
An alternative simple solution is that UE transmits each HARQ A/N only once. In other words, when UE has succeeded to gain channel access and transmit HARQ feedback, it will set the HARQ A/N value to a default value of NACK for the corresponding HARQ processes. This solves the problematic error case without any additional overhead, as gNB does not schedule new data before it has received A/N for previous data. It should be noted that this solution does not support multiple transmissions of the same A/N although it supports numerous transmission opportunities. This limitation is rather minor, as the need for HARQ feedback repetition on NR-U is unclear.  
[bookmark: _Hlk7792578]Proposal 8: For group HARQ feedback of all configured HARQ processes, each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK.
In RAN1#96bis, it was agreed that a request for one-shot group HARQ feedback, if introduced, can be used for UE configured with dynamic or semi-static HARQ codebook. One design issue to consider is whether the HARQ feedback request/trigger is included in the PDSCH or PUSCH scheduling DCI or triggered via a separate DCI. 
Requesting one-shot HARQ feedback reporting via PDSCH/PUSCH scheduling DCI means that the additional DL overhead per requested group feedback reporting is small, as it is just a small field in a DCI transmitted anyway. On the other hand, the DCI field causes constant overhead, also when no additional reporting is needed. For a separate triggering DCI, the viewpoints are opposite: there is no overhead when no additional reporting is needed, but considerable overhead (e.g. in comparison to HARQ feedback size) when the additional reporting is triggered. The overhead trade-off depends on the frequency of additional reporting. One can expect that the benefit from additional HARQ feedback reporting (over PDSCH retransmission) is important especially in situations of relatively high load and relatively frequent channel occupancy from other systems. In those situations, the triggering via a PUSCH or PDSCH scheduling DCI appears more attractive.       
[bookmark: _GoBack]Hence, we see that the one-shot HARQ feedback request can be carried in a UE-specific DCI carrying a PUSCH grant or a PDSCH assignment. As the PUSCH grant can schedule a PUSCH without UL-SCH, the need for HARQ feedback triggering with an UE-specific DCI not scheduling PDSCH/PUSCH is further diminished. Equally, the benefits from the use of UE-common DCI for HARQ feedback triggering remain unclear. Further, the frequency hopping flag, which can be expected to have only minor usage in NR-U, may be considered to be reused as one-shot HARQ ACK retransmission trigger if the DCI size cannot be increased further.
Proposal 9: One-shot HARQ ACK retransmission for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment. 
[bookmark: _Hlk7794318]3.3 Enhancements for PUCCH resource configuration 
One issue to consider in PUCCH resource configuration is when gNB transmits DL on sub-band parts of single BWP where LBT is successful. As we discuss in [9] and repeated also in here, this can have impact on the efficient use of PUCCH resources. One such impact is illustrated in Figure 1. In the figure, gNB transmits only on some of the sub-bands of the BWP. This can be taken into account when allocating PUCCH resource e.g. for HARQ feedback within the shared COT, as the PUCCH resource is indicated during the COT. With Rel-15 PRI, PUCCH resource can be dynamically selected from a set of 8 PUCCH resources (for a given UCI payload). For a BWP of 4 sub-bands, it makes sense to configure 2 PUCCH resources for each sub-band. However, e.g. in the case of gNB transmits only on one sub-band, gNB can select PUCCH resource only from 2 PUCCH resources located on the active sub-band as shown in Figure 1. This is clearly insufficient to control also the PUCCH duration as well as time location within the slot. Moreover, it results in increased multi-user blocking due to reduced capability to select non-overlapping PUCCH resources to different UEs. Therefore, we see that PUCCH resource configuration in frequency domain need to be enhanced to ensure sufficient number of PUCCH resources on each BWP sub-band.  
[bookmark: _Hlk7782359]To increase the number of available PUCCH resources on each sub-band, the number of configured PUCCH resources in a PUCCH resource set could be increased. For PUCCH resource indication from the larger set of configured PUCCH resources, PRI field could be extended, or, to keep 3-bit PRI, only some of the configured PUCCH resources could be active when gNB transmits on multiple sub-bands of BWP. Alternatively, the number of configured PUCCH resources per PUCCH resource set could be kept unchanged and the PUCCH resource sub-band allocation could be modified (e.g with a secondary PRB allocation) based on the sub-bands currently used by gNB on the COT. Hence, we propose:
[bookmark: _Hlk7793387]Proposal 10: NR-U supports PUCCH resource configuration, where multiple frequency resources can be configured for each PUCCH resource indicator value to ensure the sufficient number of PUCCH resources on each BWP sub-band given the DL LBT outcome.
[image: ]
Figure 1. An example of PUCCH resource shortage on BWP operation
Another open aspect, considered as optimization feature in [6], is the allocation of PUCCH resources on multiple carriers. The possibility for dynamically allocating PUCCH resources on multiple carriers for the same UCI would essentially establish a totally new PUCCH cell type. That would require substantially large specification and implementation impact, as changes would be needed on numerous parts of NR specification. Changes or new mechanisms would be needed on cell group configurations, PUCCH resource configurations, resource allocation mechanisms, power control and on the related signaling. Considerable changes may be needed also on UL transmission prioritization rules and on UCI multiplexing rules. For example, should the PUCCH cell for CSI be dynamically selectable? How about for SP-CSI? Given the time schedule of current WI, we do not see that such large effort should be taken to provide cross-carrier diversity for channel access, especially as rather similar diversity can be achieved – if really needed – by PUSCH scheduling and UCI on PUSCH multiplexing. Additionally, similar channel access diversity can be obtained within a wideband carrier extending over multiple LBT sub-bands.   
[bookmark: _Hlk4756186]Proposal 11: Dynamic PUCCH resource allocation over multiple cells, requiring significant standardization efforts, is not supported for Rel-16 NR-U.
4. Conclusions 
In this contribution, we discussed the changes and enhancements needed for HARQ scheduling and feedback for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
 
UL scheduling
Proposal 1: On the time domain resource assignment of multi-TTI DCI, the signaled slot offset and starting symbol relate to the first scheduled PUSCH; single Type B PUSCH is allowed within the first slot; and the indicated PUSCH duration indicates the duration for the last scheduled PUSCH. 
Proposal 2: For multi-TTI scheduling DCI: a field for the number of scheduled TTIs is introduced; UL-SCH indicator and frequency hopping flag are not included; and single MCS field is common for all PUSCHs.
Proposal 3: CBG-based re-transmission is supported for multi-TTI scheduling based on option 1: CBGTI is provided for a predefined number of re-transmitted PUSCHs. Unused NDI and RV fields are utilized for CBGTI signalling to maintain CBGTI overhead acceptable.
Proposal 4:  Multi-TTI PUSCH scheduling is configured in NR-U, by configuring a maximum number of schedulable TTIs  for DCI format 0_1
· when  >1, an additional field “Number of scheduled TTIs” would be present in the format, which would indicate dynamically the number of scheduled TTIs , where .
Observation 1: Cross-numerology cross-carrier scheduling is beneficial for NR-U PUSCH scheduling especially in the case of Scenario A (CA with NR cells) deployment.
Observation 2: If multi-TTI DCI format would be a DCI format 0_1 configured with maximum number of schedulable TTIs and cross-carrier scheduling for the scheduled cell (CIF included), there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.
Enhancements for dynamic codebook
Proposal 5: T-DAI is included only for the scheduled group. 
Proposal 6: Maximum number of PDSCH groups is 2.
Enhancements for semi-static codebook
Proposal 7: Additional bits are reserved and appended to the semi-static codebook for the postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1.
Proposal 8: For group HARQ feedback of all configured HARQ processes, each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK.
Proposal 9: One-shot HARQ ACK retransmission for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment. 
Enhancements for PUCCH resource configuration
Proposal 10:NR-U supports PUCCH resource configuration, where multiple frequency resources can be configured for each PUCCH resource indicator value to ensure the sufficient number of PUCCH resources on each BWP sub-band given the DL LBT outcome.
Proposal 11: Dynamic PUCCH resource allocation over multiple cells, requiring significant standardization efforts, is not supported for Rel-16 NR-U.
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Appendix 1 
Following RAN1 agreements were reached in RAN1 AH 1901, RAN1 96, RAN1 96bis and RAN1 97 meetings on HARQ enhancements: 
Agreement [2]: RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
Conclusion [2]:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR 38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested
Agreement [2]: For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
Agreement [2]: Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.
Agreement [3]: Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs
· Each TB is mapped to at most one slot or one mini-slot
Agreement [4]: A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.
Agreement [4]: 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
Agreement [5]: For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15
Agreement [5]: For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling
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