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1 Introduction
In this contribution, we provide our view on possible HARQ related and UL scheduling issues that should be addressed when designing HARQ enhancements and multi-slot scheduling that can be beneficial for NR Rel-16 and in particular for operation in unlicensed bands. 
2 HARQ enhancements
2.2 [bookmark: _Toc4628276][bookmark: _Toc4629822][bookmark: _Toc4628277][bookmark: _Toc4629823][bookmark: _Toc4628278][bookmark: _Toc4629824]Dynamic HARQ codebook
2.2.1 DAI value extension 
The UE refers to the DAI value to calculate the dynamic codebook size. For every PDSCH transmission, the DAI value in the DCI is incremented. The DAI in the DL scheduling DCI should be stepped by one as compared to the immediately preceding DL scheduling DCI, if difference between the two received DAI values at the UE in current and earlier DCI is higher than 1, it is an indication that PDCCH transmission(s) has been missed. The DAI value in NR rel-15 is only 2-bits, after reaching the highest DAI value (i.e. 4), the value is reset again to the smallest value. This means that if the UE missed 4 or more PDSCH transmission, the UE will not be able to correctly calculate the codebook size, and therefore there will be misalignment between the gNB’s expected codebook size and the reported one by the UE. While missing 4 or more consecutive PDSCH on licensed carrier is unlikely, it is highly likely to happen on an unlicensed band due to collisions and especially for larger SCS where the slot duration is smaller. Thereby, the 2-bit DAI will cause an issue. 

To eliminate the issues caused by the limited DAI combinations (issue 3), the DAI field in the DCI should be extended to accommodate for possibly missing more than 4 PDCCH transmissions.

[bookmark: _Toc7701969][bookmark: _Toc7782434][bookmark: _Toc4629828][bookmark: _Toc4786224]DCIs for scheduling PDSCH on unlicensed carriers should support larger DAI field as compared to Rel-15 NR DCI for scheduling PDSCH on licensed carrier.  	
2.2.2 	Enhancements 
The following agreement was made during RAN1#96bis [1]:
Agreement: 
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 

In here, we discuss the two alternatives in details. 
2.2.2.1	Option 1
Two flavours of option 1 are listed in the agreement:  
· Option 1a: C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH 
· Option 1b: C-DAI/T-DAI is accumulated only within one PDSCH group 

In the figures below, we demonstrate the behaviour of both option 1a/b in some error cases. We assume that both option 1a and 1b require indication of the following in the DCI: 
· PDSCH group index 
· DAI value
· PDSCH-to-HARQ-timing-indicator 
· Indices of the groups for which feedback should be included in the same PUCCH. 
Error case: Codebook determination ambiguity 
[image: ]
Figure 1:  error case for Option 1a

If the UE miscalculates the codebook size for one group, it is difficult to recover from that failure the next time the UE retransmits the feedback. Not only that, a failure in one group will result in wrong determination of the overall codebook that might include initial feedback transmission for other groups. 
[bookmark: _Toc7782428]mis-detected PDCCH can lead to wrong order of HARQ feedback issues if one PUCCH carry HARQ-ACK feedback for one or more PDSCH groups 

Error case: Failed recovery from miscalculated CB size 
Option 1b as well can not deal with this error case. Generally, Option 1 includes a restriction that requires that 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. According to our understanding, this means: 
· Aggregate pending and new feedback of the same group is not possible. Thereby, the gNB can not reuse the same HARQ group unless the pending feedback is discarded or retransmitted by other means.
· Retransmission of the feedback can only happen when aggregating feedback corresponding to different PDSCH groups. Even in this case, the UE will continue to send wrongly determined codebook size, unless the DAI per group is indicated when requesting the retransmission. The later adds significant DCI overhead. 

[image: ]
Figure 2: Error case for Option 1b
Since the DAI value is accumulated within one group only, the UE has no means to recover from mis-calculated CB. If requested again, the UE will continue to provide wrong feedback. Similar to option 1a, a failure in one group will result in wrong determination of the overall codebook that might include initial feedback transmission for other groups.  
[bookmark: _Toc7782429]mis-detected PDCCH in one group can lead to miscalculated codebook size that carries feedback for a set of groups if one PUCCH carry HARQ-ACK feedback for one or more PDSCH groups 
Another error case can happen in case of option 1b. Due to strong interference probably from hidden nodes, UE might completely miss-detect a complete PDCCH burst of a group, which of course leads to UE not transmitting HARQ feedback as expected by the gNB. From gNB perspective, this erroneous case demonstrates the same behavior as HARQ feedback mis-detection. Therefore, gNB will request UE to retransmit the previous HARQ feedback by indicating the group index in the DCI. However, from the UE point of view, it is completely unaware of the lost PDCCH burst, and it will wrongly interpret the HARQ feedback retransmission request as retransmission request for the latest successfully transmitted PUCCH.
[bookmark: _Toc7782430]Option 1b does not resolve the ambiguity caused by PDCCH misdetection and PUCCH misdetection 
Both PDCCH misdetection and failed PUCCH reception are equally important for unlicensed operation. Option 1 seems to work in case the feedback needs to be re-transmitted due to failed PUCCH reception due to LBT failure but is not robust enough for the cases when PDCCH is mis-detected. for these reasons, Option 1 is should not be supported. 
[bookmark: _Toc7701971][bookmark: _Toc7782435]Option 1 is should not be supported for NR-U. 
2.2.2.2	Option 2
Unlike option 1, One PUCCH can carry HARQ-ACK feedback for a single PDSCH group. This means, an error in one group will not impact the other group report which is one of the weak points of option 1. 
The DCI will include the following information in case of option 2: 
· PDSCH group index to avoid any out of order HARQ feedback issues and allow more flexible scheduling behaviour by the gNB. 
· C-DAI/T-DAI is accumulated within one 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. Meaning that, aggregating pending and new feedback of the same group is possible. If the UE miscalculates the codebook size for one group, it can recover from that failure the next time the UE is requested to retransmit the feedback. The DAI value indicates to the UE that some PDCCH that should have been reported before were missed.
· reset indicator: (RI) can be used to indicate to the UE if the previous requested HARQ feedback is successfully received by the gNB or not. A toggled indicator confirms the previous HARQ feedback has been successfully received and vice versa. By comparing the newly signalled value of the indicator with the one associated with the previous HARQ feedback, UE can figure out if the previous HARQ feedback is successfully detected or not, and hence judge whether the HARQ retransmission request is for HARQ transmission lost or PDCCH mis-detection.
· PDSCH-to-HARQ-timing-indicator 

Figure below shows how option 2 can overcome the error case discussed in the earlier section. 
[image: ]
Figure 3: Option 2 in case of misdetected PDCCH

[bookmark: _Toc7701972][bookmark: _Toc7782436]Option 2 is supported for NR-U. 
2.3 Semi-Static HARQ codebook 
The main motivation for semi-static codebook in rel-15 NR was robustness. Semi-static codebook is considered more robust against missed downlink assignments as compared to dynamic codebook. This comes at the cost of larger overhead. 
The robustness is insured by semi-statically configuring a fixed codebook size. During last meeting, few companies proposed to dynamically change the size of the semi-static codebook, which ironically again introduces ambiguity in the codebook size due to possible missed downlink assignment. We believe that the main purpose and definition of semi-static codebook should be retained as in rel-15 NR. 
The benefits of enhancing semi-static codebook are not clear especially that the proposed enhancements for dynamic codebook provides the robustness against missed downlink assignments that did not exist before in Rel-15 NR. Alternatively, to recover from an error case (e.g. missed PUCCH) single shot trigger should be used instead without the need to fundamentally change the semi-static codebook design. Given that this will only happen when an error happens, the overhead is not an issue especially that with the interlace design, the PUCCH capacity is considerably high to transmit a full status report for all configured HARQ processes or a subset of them even if only single interlace is assigned. Even if not, dynamic codebook can be used for the purpose of overhead reduction.  
[bookmark: _Toc7701973][bookmark: _Toc7782437]No semi-static codebook specific enhancements are considered for NR-U 
2.4 Single shot trigger 

During last meeting [1], the following agreement was made: 
Agreement: 
· 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 

Our preference is to carry the request on a UE-specific DCI. The one-shot trigger can be included in the DL grant. The slot for transmission of the PUCCH carrying the report, is determined by the PDSCH-to-HARQ-timing-indicator field in the DCI similarly to Rel-15. The size of the report determines the PUCCH resource set and the PUCCH resource indicator field in the DCI determines the PUCCH resource to be used for transmission in that set similar to Rel-15. 
The one-shot trigger can also be included in a UL grant. For PUSCH with UL-SCH, the multiplexing procedures for HARQ-ACK on PUSCH similar to those in Rel-15 are used to multiplex the report with UL-SCH on PUSCH. 
The UL grant can be used also to trigger feedback report without scheduling UL-SCH. In case of PUSCH without UL-SCH, the report is considered as HARQ-ACK UCI and multiplexed on PUSCH following the mapping rules for HARQ-ACK transmission on PUSCH.  
[bookmark: _Toc7701974][bookmark: _Toc7782438]one-shot group HARQ ACK feedback request can be carried in: 
a. [bookmark: _Toc7701975][bookmark: _Toc7782439]UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
b. [bookmark: _Toc7701976][bookmark: _Toc7782440]UE-specific DCI carrying a PDSCH assignment 
In response to the trigger reception, the UE includes the latest HARQ-ACK status for all received HARQ processes as long as the processing time requirements are met. For every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH. The NDI is needed to resolve any ambiguity caused by mis-detected PDCCH. If the NDI value matches the last transmitted value, the gNB assumes that the reported HARQ-ACK feedback correctly corresponds to the HARQ process with pending feedback. Otherwise, the mismatch indicates that the UE is reporting an outdated feedback. In such a case, the gNB discards the reported HARQ-ACK feedback and assume NACK. 
[bookmark: _Toc7701977][bookmark: _Toc7782441]In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
[bookmark: _Toc7701978][bookmark: _Toc7782442]The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met. 
2.5 dl-DataToUL-ACK values 

During last meeting [1], the following agreement was made: 
Agreement: 
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. 

What still needs to be discussed is how to signal the timing for the pending HARQ-ACK feedback. A simple solution would be, the timing for the pending HARQ-ACK feedback is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator. Of course, the DAI value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator counts also the previous PDSCH(s) with non-numerical PDSCH-to-HARQ-timing-indicator that belong to the same PDSCH group since the last PDSCH with valid PDSCH-to-HARQ-timing-indicator. 
[bookmark: _Hlk7099208][bookmark: _Toc7701979][bookmark: _Toc7782443]The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
We do not see great value for the non-numerical value for semi-static codebook. We believe it should be limited to dynamic codebook only. If considered for semi-static codebook, it should not impact the semi-static codebook size determination. The configured code book size should not be changed dynamically depending on the number of PDSCH with non-numerical K1. Instead, the only way to fetch the feedback for PDSCH with non-numerical K1 the feedback for those processes is by sending a one-shot feedback trigger. 
[bookmark: _Toc7701980][bookmark: _Toc7782444]non-numerical K1 is not beneficial for the semi-static codebook. 
2.6 Multiple opportunities for HARQ A/N transmission
It is worthwhile to mention that sub-band LBT within a wideband, mimics to large extent the CA operation. Therefore, from our perspective, enhancements based on CA operation should be prioritized if additional enhancements are needed. In Rel-15 NR, feedback information from multiple DL carriers can be grouped and transmitted on PCell, PSCell, or PUCCH-SCell. For NR-U, these cells are not always available for transmissions due to LBT. A clear enhancement is to enable transmission of HARQ-ACK feedback on any carrier that a gNB acquires a COT by benefiting the shared COT principles. Thus, it would be beneficial to allow UE to transmit PUCCH on carriers other than PCell, PSCell, or PUCCH-SCell. 

[bookmark: _Toc7782431]It is beneficial to investigate enhancements for CA operation to enable HARQ-ACK feedback mechanism on carriers other than PCell, PSCell, or PUCCH-SCell.
3 Scheduling enhancements
3.2 UL/DL Scheduling combination
To maximize the applicability of NR-based unlicensed access, NR deployments include the following scenarios:
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell) 
· NR-U SCell may have both DL and UL, or DL-only.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Scenario C: Stand-alone NR-U
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band
· Scenario E: Dual connectivity between licensed band NR and NR-U 

Rel-15 allows very flexible cross-carrier scheduling. However, a cell can still be scheduled by one other cell. NR, similar to LAA-LTE, should support the combination of self-scheduling in the DL and cross carrier scheduling in the UL in scenario A. This way, UL is subject to only one LBT at the UE side before the actual uplink transmission, unlike the self-scheduling on unlicensed carrier where two LBTs are needed, one at the gNB to send the grant and another at the UE before the actual PUSCH transmission. 
For standalone scenario, there are benefits in terms of latency if scheduling from any activated unlicensed carrier is allowed. This way, the gNB can send UL grants on the first channel that passes LBT, but that is not feasible due to the limited blind decoding budget at the UE. Nevertheless, there is still strong use case to support self-scheduling for DL and cross carrier scheduling for UL. This is mainly beneficial if the UE is configured with more DL cells than UL, which is expected due to the different power and capabilities between UE and gNB. Taking that into consideration, NR-U should support configuring a cell to have both self- and cross carrier scheduling for UL. 
[bookmark: _Toc7701981][bookmark: _Toc7782445]Support UL/DL Scheduling combination: 
· [bookmark: _Toc7701982][bookmark: _Toc7782446]Self-scheduling for DL
· [bookmark: _Toc7701983][bookmark: _Toc7782447]Self- and/or cross-carrier scheduling for UL
· [bookmark: _Toc7701984][bookmark: _Toc7782448][bookmark: _Toc4628292][bookmark: _Toc4629840][bookmark: _Toc4786236][bookmark: _Toc4628293][bookmark: _Toc4629841][bookmark: _Toc4786237][bookmark: _Toc4628294][bookmark: _Toc4629842][bookmark: _Toc4786238]FFS: How to manage the number of blind decodes at the UE side.
3.3 Extension of PUSCH time resources
During Ad-Hoc Meeting 1901, a proposal related to handling the longest COT was made to extend the number of bits in the UL PUSCH time domain resource assignment field to allow scheduling PUSCH with the longest COT.
Rel-15 NR already supports scheduling an UL slot that is 4/5 slots in the future. Besides, it was already agreed, that multi-slot scheduling is supported in NR, meaning that it should be possible to schedule an UL burst that starts after an offset (1 to 5 slots) and extends for the duration of X slots. X should be long enough to minimize the grant transmission overhead. 
Of course, NR-U has enough flexibility to support multiple switching points within a COT. Scheduling an UL slot from the beginning of the COT to the last slot seems to be unnecessary optimization that assumes that the gNB pre-decides on the whole COT structure from the beginning of the COT. At this point, it is not clear if extension of the PUSCH time resources critically needed.
[bookmark: _Toc7782432]It is not clear if extension of the PUSCH time resources critically needed.
3.4 Multi-slot scheduling
Agreement: 
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 

The task in hand is to design the detailed structure of the multi-slot and its corresponding DCI. As summarized in [2], views are diverse on the design aspects. From our perspective, it would be helpful to get progress on the key design parameters that are listed below.
Common PUSCH fields
The following fields are common to all scheduled PUSCH: 
	Identifier for DCI formats 

	Carrier indicator 

	Bandwidth part indicator 

	Frequency domain resource assignment 

	Modulation and coding scheme 

	TPC command for scheduled PUSCH 

	Precoding information and number of layers 

	Antenna ports 

	PTRS-DMRS association 

	beta_offset indicator 

	DMRS sequence initialization 



Slot Specific fields 
The following fields are applicable to only certain slots: 
	SRS resource indicator 

	SRS request 

	CSI request 

	1st downlink assignment index 

	2nd downlink assignment index 



The SRS request field is reused to indicate the slot in which the SRS is triggered as had been done in LAA. 
CSI request triggers CSI report on one slot among the scheduled slots. The exact slot is determined according to predefined rule. 
DCI format 0_1 includes: 
· 1st downlink assignment index – 1 or 2 bits: 
· 1 bit for semi-static HARQ-ACK codebook;
· 2 bits for dynamic HARQ-ACK codebook.
· 2nd downlink assignment index – 0 or 2 bits:
· 2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
· 0 bit otherwise. 
For the semi-static the 1-bit UL DAI is included in UL grant DCI 0-1 to indicate UCI presence (no DAI is included in DCI 0-0). For dynamic codebook, the UL grant (DCI 0-1) contains two UL DAI, reflecting status of each latest DL total DAI (DCI 0-0 does not contain any DAI).
For multi- slot PUSCH scheduling, the following extensions are needed: 
· For Dynamic codebook: 
· 1st downlink assignment index 
· 2nd downlink assignment index (for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks)
· For both dynamic and semi-static codebook: 
· Feedback slot index, that indicates the slot index in which the HARQ-ACK UCI should be transmitted (0 means first scheduled slot, 1 means second scheduled slot, and so on). The bit width of this field depends on the maximum number of scheduled PUSCH

[bookmark: _Toc7782449]DAI, SRS request, CSI request are applied to only one PUSCH among the scheduled PUSCH using multi-PUSCH DCI. 
HARQ 
With respect to the HARQ process ID, our preference is that the HARQ ID is fixed for each scheduled slot and is not floating in the transmission burst similar to eLAA, otherwise, the number of blind-decoding at the gNB substantially increases. 
The DCI should also include NDI per scheduled slot. Thereby, the bit width of these fields depends on the maximum number of scheduled slots. Each scheduled PUSCH corresponds to 1 bit. Similarly, RV is also per slot. 
[bookmark: _Toc7701985][bookmark: _Toc7782450]For HARQ process mapping to the multiple PUSCHs scheduled by a single DCI. 
c. [bookmark: _Toc7701986][bookmark: _Toc7782451]HARQ process ID signalled in DCI applies to the first PUSCH, then increment by 1 for subsequent PUSCHs 
[bookmark: _Toc7701987][bookmark: _Toc7782452]The bit width of NDI and RV depend on the maximum number of scheduled slots. Each PUSCH corresponds to 1 bit. 
CBG- based retransmission are intended to reduce the retransmission overhead by allowing transmission of the erroneous part of the transmission, possibly over smaller resource allocation (time or frequency).  Since now all scheduled PUSCH follow the same MCS and frequency allocation, within the same scheduled burst that in principle has similar channel interference situation, some slots (full TB) has better resource utilization as compared to other slots (partial TB). Not to forget that CBG based retransmission for every slot significantly increases the signalling overhead (Number of bits to signal CGBs per slot = CBG transmission information per slot * maximum number of scheduled slots. For these reasons, our preference is not to enable CBG-based retransmission via the multi-slot PUSCH DCI. Only initial transmission and full TB retransmission can be scheduled via multi-slot PUSCH DCI. CBG based retransmission via single grant DCI is still possible. 
[bookmark: _Toc7782453][bookmark: _Toc7701989]Only initial transmission and full TB retransmission can be scheduled via multi-slot PUSCH DCI. CBG based retransmission via single grant DCI is still possible. 
Time resource allocations for PUSCH
Time resource allocations for PUSCH without gaps in between
To indicate time resources per slot in multi-slot grant, the existing RRC configured table for PUSCH allocation List with (K2, S and L) is reused but with different interpretation. Alternatively, a separate table can be configured for multi-PUSCH allocation. 
· Starting symbol is applicable to the first scheduled slot in the UL burst. The ending symbol of the first scheduled slot is #13. 
· The starting symbol of the last scheduled slots is #0 and PUSCH length is L.
· The slots in between first and last slot in the scheduled burst start and end at #0 and #13 respectively.
· The PUSCH mapping type is applicable to all the PUSCHs except the first one in which Type B mapping as always used. 
NR already supports large slot offset (K2 up to 32 slots) between the grant transmission and the corresponding scheduled UL. There is no need for NR-U specific changes to support other K2 values

[bookmark: _Toc7701990][bookmark: _Toc7782454]When the UE is scheduled using a multi-slot DCI grant, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to a multiPusch-AllocationList RRC configured table. The column indices are exactly the same as in Rel-15 Pusch-AllocationList but with different interpretation
d. [bookmark: _Toc7701991][bookmark: _Toc7782455]the slot offset K2, 
e. [bookmark: _Toc7701992][bookmark: _Toc7782456]The start symbol S: The start PUSCH symbol in the 1st slot of the scheduled UL burst
f. [bookmark: _Toc7701993][bookmark: _Toc7782457]The duration L: The length of the PUSCH in the last scheduled slot of the UL burst. The starting symbol of the last scheduled PUSCH is #0. 
g. [bookmark: _Toc7701994][bookmark: _Toc7782458]the PUSCH mapping type to be applied in the all scheduled PUSCH transmission expect the PUSCH in the first scheduled slot where Type B mapping is used. 
Since S and L are not co-dependent in this case, i.e. each applicable to separate slot, more startSymbolAndLength combinations are possible as compared to single slot scheduling. In this case startSymbolAndLength combinations exceed 127. However, this should not have impact on the DCI indication. Assuming a reasonable number of configured S, L and K2 values for multi-slot scheduling, increasing the time domain resources assignment to maximum 5 bits instead of 4 bits can be considered. This way, the table can cover 32 different (S, L, K2) combinations instead of at most 16. 

[bookmark: _Toc7701995][bookmark: _Toc7782459]startSymbolAndLength for multiPUSCH-TimeDomainResourceAllocation includes all combinations of S and L, where S {0,....13} and L {1,...14}
[bookmark: _Toc7701996][bookmark: _Toc7782460]Increasing the bitwidth of time domain resources assignment field in the multi-slot DCI to maximum 5 bits instead of 4 bits can be considered. 
The number of scheduled slots is indicated using a separate field in DCI. We propose that the maximum number of scheduled slots using single grant is limited to 4 slots to balance between grant transmission overhead and the slot specific parameters indicated in the DCI. 

[bookmark: _Toc7701997][bookmark: _Toc7782461][bookmark: _Hlk520468333][bookmark: _Hlk520468119]Include a separate field to indicate the number of scheduled slots in the multi-slot scheduling DCI. The maximum number of scheduled slots using single grant is limited to 4 slots. 
Time resource allocations for PUSCH with gaps in between
NR supports slot-aggregation where the TB repeats over multiple slots or mini-slots following an RV sequence. The Aggregation (repetition) factor (1, 2, 4, 8 for DL or UL) is semi-statically configured and the same symbol allocation is used across slots.   
It is beneficial, from scheduling flexibility perspective, to support similar mode where the scheduled PUSCH are non- consecutive. The same symbol allocation is used across slots; however, each with separate TB. 
Support for both PUSCHs with and without gaps in between can be done with minimal spec changes. To do so, the startSymbolAndLength field for single slot scheduling is extended to support configuration of multiple slot scheduling  (multiSlotStartSymbolAndLength ) that specifies either 
· Multi-slot Scheduling Case 1: the start symbol and length of the PUSCH for every scheduled slot
· Multi-slot Scheduling Case 2: the start symbol of the first scheduled slot and the length of the last scheduled slot with all other scheduled slots starting in symbol #0 and having a length that is the same as the length of the slot.

A single multi-slot time domain resource allocation table can consist of mixed scheduling case 1 and case 2. This enables the gNB to provide flexible multi-slot scheduling addressing the two scheduling cases in a unified approach. Moreover, this approach enables the gNB to dynamically switch between the two scheduling cases to suit the specific application requirements.
when the UE is scheduled using a multi-slot DCI grant, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to an allocated RRC configured table. The indexed row contains: 
· the slot offset K2;
· the start symbol and length (shown as the “S” and “L” columns, respectively, in the example table below) if startSymbolAndLength is set in the RRC configuration; otherwise, these two columns are not applicable;
· the start symbol of the first scheduled slot and the length of the last scheduled slot (shown as the “SS” and “LL” columns, respectively, in the example table below) if startSlotStartSymbolAndEndSlotLength is set in the RRC configuration; otherwise, these two columns are not applicable;

· the PUSCH mapping type to be applied in the PUSCH transmission.

The table below shows an example, where row 1 and 2 map to the PUSCH allocations in figure 4. 

	Row index
	PUSCH mapping type
	K2
	S
	L
	SS
	LL

	1
	Type B
	2
	7
	7
	· 
	· 

	2
	Type B
	2
	· 
	· 
	7
	7




[image: ]
Figure 4: multi-slot PUSCH with and without gaps


[bookmark: _Toc7701998][bookmark: _Toc7782462]Consider supporting multi-slot PUSCH scheduling where the same PUSCH allocation is used across scheduled slots.   

3.5 2-stage UL grant
It is proposed to support 2-stage UL grant in NR, similarly to eLAA. The feature was introduced in eLAA to split a PUSCH scheduling grant into two parts. Upon detection of the first grant, a UE prepares a PUSCH but it postpones its transmissions until the second grant is detected. Since the PUSCH is already prepared, the UE can immediately (within 16 us) transmit the PUSCH after detecting the second grant by sharing the COT initiated by the gNB. 
In NR, the time between a grant and corresponding PUSCH transmission is flexible and depends at least on the UE capability. However, the minimum time in order of few symbols is far less than the fixed 4ms scheduling time inbuilt in LTE systems. 
It is argued that this time is too large as compare to the time needed for Cat-4 LBT at the UE for transmission of the scheduled PUSCH and it can be reduced, if the UE skips LBT by transmitting after the second grant. However, the LBT from the UE side is moved actually to the gNB side for accessing the channel for the second grant. Considering the time needed for second grant to be transmitted after a successful LBT, it is not clear how much saving in delay can be achieved.  Moreover, transmission of a PUSCH would be conditioned on two successful LBTs at gNB for two grants instead of only one grant. 
Hence, from our perspective, the benefits of this feature for NR-U is questionable and hence the efforts needed for the specification impact to enable this feature are not justified.
[bookmark: _Toc7782433]It is not beneficial to support 2-stage grant in NR.


[bookmark: _Toc4702942]Conclusion
In the previous sections we made the following observations: 
Observation 1	mis-detected PDCCH can lead to wrong order of HARQ feedback issues if one PUCCH carry HARQ-ACK feedback for one or more PDSCH groups
Observation 2	mis-detected PDCCH in one group can lead to miscalculated codebook size that carries feedback for a set of groups if one PUCCH carry HARQ-ACK feedback for one or more PDSCH groups
Observation 3	Option 1b does not resolve the ambiguity caused by PDCCH misdetection and PUCCH misdetection
Observation 4	It is beneficial to investigate enhancements for CA operation to enable HARQ-ACK feedback mechanism on carriers other than PCell, PSCell, or PUCCH-SCell.
Observation 5	It is not clear if extension of the PUSCH time resources critically needed.
Observation 6	It is not beneficial to support 2-stage grant in NR.

Based on the discussion in this paper we make the following proposals:
Proposal 1	DCIs for scheduling PDSCH on unlicensed carriers should support larger DAI field as compared to Rel-15 NR DCI for scheduling PDSCH on licensed carrier.
Proposal 2	Option 1 is should not be supported for NR-U.
Proposal 3	Option 2 is supported for NR-U.
Proposal 4	No semi-static codebook specific enhancements are considered for NR-U
Proposal 5	one-shot group HARQ ACK feedback request can be carried in:
a.	UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
b.	UE-specific DCI carrying a PDSCH assignment
Proposal 6	In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
Proposal 7	The UE includes the latest HARQ-ACK status for all received PDSCHs as long as the processing time requirements are met.
Proposal 8	The timing for the pending HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted HARQ process that belongs to the same group and with valid (numerical) PDSCH-to-HARQ-timing-indicator.
Proposal 9	non-numerical K1 is not beneficial for the semi-static codebook.
Proposal 10	Support UL/DL Scheduling combination:
o	Self-scheduling for DL
o	Self- and/or cross-carrier scheduling for UL
	FFS: How to manage the number of blind decodes at the UE side.
Proposal 11	DAI, SRS request, CSI request are applied to only one PUSCH among the scheduled PUSCH using multi-PUSCH DCI.
Proposal 12	For HARQ process mapping to the multiple PUSCHs scheduled by a single DCI.
a.	HARQ process ID signalled in DCI applies to the first PUSCH, then increment by 1 for subsequent PUSCHs
Proposal 13	The bit width of NDI and RV depend on the maximum number of scheduled slots. Each PUSCH corresponds to 1 bit.
Proposal 14	Only initial transmission and full TB retransmission can be scheduled via multi-slot PUSCH DCI. CBG based retransmission via single grant DCI is still possible.
Proposal 15	When the UE is scheduled using a multi-slot DCI grant, the Time domain resource assignment field value m of the DCI provides a row index m + 1 to a multiPusch-AllocationList RRC configured table. The column indices are exactly the same as in Rel-15 Pusch-AllocationList but with different interpretation
a.	the slot offset K2,
b.	The start symbol S: The start PUSCH symbol in the 1st slot of the scheduled UL burst
c.	The duration L: The length of the PUSCH in the last scheduled slot of the UL burst. The starting symbol of the last scheduled PUSCH is #0.
d.	the PUSCH mapping type to be applied in the all scheduled PUSCH transmission expect the PUSCH in the first scheduled slot where Type B mapping is used.
Proposal 16	startSymbolAndLength for multiPUSCH-TimeDomainResourceAllocation includes all combinations of S and L, where S {0,....13} and L {1,...14}
Proposal 17	Increasing the bitwidth of time domain resources assignment field in the multi-slot DCI to maximum 5 bits instead of 4 bits can be considered.
Proposal 18	Include a separate field to indicate the number of scheduled slots in the multi-slot scheduling DCI. The maximum number of scheduled slots using single grant is limited to 4 slots.
Proposal 19	Consider supporting multi-slot PUSCH scheduling where the same PUSCH allocation is used across scheduled slots.
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