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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
2.1	dl-DataToUL-ACK values 
The following has been agreed and concluded during the previous meetings:
Agreement (RAN1#AH-1910):
· 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:
· 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 TR38.889 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

In order to enable this functionality, it is important to keep in mind the main motivation for such a feature is for cases where the PDSCHs scheduled at the end of a gNB initiated COT, cannot be acknowledged within the COT due to the lack of or early presence of UL resources for a PUCCH transmission. Hence, the corresponding K1 value for those PDSCHs should indicate a later slot. However, due to LBT, it is not clear whether that slot would be available for UL transmission. Therefore, it is beneficial to store the corresponding HARQ-ACK and transmit at a later stage, as apposed to dropping the HARQ-ACK.
A simple approach is to rely on the minimum processing time that a UE requires for transmission of HARQ-ACK feedback on a PUCCH. If a K1 value is such that the UE is requested to feedback the HARQ-ACK feedback of the corresponding PDSCH in a PUCCH that does not meet the minimum required processing time, the UE assumes that the transmission of the corresponding HARQ-ACK bits are postponed for later transmission opportunity indicated by gNB. Usually, small K1 values result in such situations. Therefore, we propose:
[bookmark: _Toc4787373] A UE is expected to postpone transmission of HARQ-ACK information corresponding to PDSCH(s) in a PUCCH for K1 values that result in a time T, being the time between the last symbol of the PDSCH(s) and the starting symbol of the PUCCH, that is less than the required processing time for PUCCH transmission.
Moreover, increasing the K1 value range was also discussed during the previous meeting as compared to Rel-15 without increasing the field size for PDSCH-to-HARQ-timing-indicator in DCI. The proposal is motivated to enhance the flexibility for HARQ transmission in DL heavy scenarios where the corresponding COT benefits only one switching point between DL and UL transmissions at the end of the COT. It is not clear how adding a single or few new values of dl-DataToUL-ACK is possible without extending the number of bits of PDSCH-to-HARQ-timing-indicator when the gNB still needs to semi-statically down select only 8 values that fall between (0 and 15/31/63). A better approach is to increase the number of switching points to accommodate earlier transmission of HARQ-ACK feedback. 
[bookmark: _Toc4628276][bookmark: _Toc4629822][bookmark: _Toc4628277][bookmark: _Toc4629823][bookmark: _Toc4628278][bookmark: _Toc4629824]Observation 1	It is questionable the benefits of increasing the value range of the RRC parameter dl-DataToUL-ACK.
2.2	Multiple opportunities for HARQ A/N transmission
The TR includes a list of alternatives to support cross-HRQ-ACK feedback and multiple opportunities for HARQ-ACK feedback. 
· Alt1: 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)
· Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
· Alt5: preconfigured/pre-indicated multiple opportunities in time domain

Considering the above alternatives, Alt1 is already agreed.
Agreement (RAN1#AH-1910):
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)

 Alt 3 can be realized using NR Rel-15 with no changes. The other alternatives are still open that we discuss in the following.
Before analyzing the remaining alternatives, it should be noted that in most cases the feedback will be transmitted immediately after the DL transmission if the gap is less than 16us as per the following agreement from section 7.2.1.3.3 in the TR [1]:  
A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time
Having said that, the feedback transmission will not be restricted or blocked by the LBT procedure in most of the cases. However, there will still be some limited cases where the feedback is not received within the same COT by gNB. It is important in analyzing the extensions to handle these cases, the complexity aspects are also taken into account. 
Alt 2 is very problematic due to the its potential to increase mis-match between gNB and UE on the HARQ codebook size. From gNB perspective, it is difficult to distinguish between lack of PUCCH reception due to failed transmission at the UE due to LBT or mis-detection at gNB. Hence, autonomous reporting by UE is not preferred. In this category, solutions are suggested to autonomously reporting UCI with additional information about HARQ processes to address the inherit shortcoming of these schemes. However, this approach is at the cost of increasing processing burden at the gNB to perform additional blind decoding. Hence from our perspective, Alt 2 is not recommended to be supported.
[bookmark: _Toc4787374]Alt2 is not supported for NR-U
The main motivation behind Alt4 is to increase the opportunities for transmitting feedback considering the possibility of failing LBT at the UE. However, as we discussed above, the feedback transmission will not be restricted or blocked by the LBT procedure in most of the cases. In some rare cases, where the feedback transmission is blocked or failed, Alt1 can be used to trigger a new opportunity for feedback transmission. Moreover, preconfiguring or overbooking multiple PUCCH resources in frequency domain leads to waste of resources and reduce multiplexing capacity for PUCCH transmissions from multiple UEs. Another drawback of Alt4 is that it would require more blind detections from gNB to determine the sub-band the UE is supposedly transmitted feedback on. Furthermore, there are different proposals for wideband operation with sub-band LBT. Some more clarity on wideband operation is needed to make meaningful assessments of the proposals. The expected input from RAN4 on wideband operation would be important to serve the purpose.

Observation 2	The necessity of supporting Alt4 is questionable. The expected input from RAN4 on wideband operation would be important for meaningful assessment of different Alt 4 based proposals.
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. 

Observation 3	It is beneficial to investigate enhancements for CA operation to enable HARQ-ACK feedback mechanism on carriers other than PCell, PSCell, or PUCCH-SCell.
2.3 	Dynamic HARQ codebook
2.3.1	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: _Toc4787375][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.  	
2.3.2	HARQ enhancement based on NFI 
The following agreement was made during Ad-Hoc Meeting 1901 [2]:
Agreement (RAN1#AH-1910):
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)

In the following, we discuss an algorithm in which the gNB may trigger (re)transmission of feedback.
During Ad-Hoc Meeting 1901, some companies proposed to count on the HARQ process(es) in previous COT(s) which is not acknowledged as a mean to request retransmission of unacknowledged or pending feedback. In Figure 1, we demonstrate a corner case that cannot be handled by such a solution alone. 

[image: ]
[bookmark: _Ref4787154]Figure 1: mis-alignment between gNB and UE due to missed PDSCH(s)
To resolve the possible misalignment caused by mis-detected feedback, we propose to add a toggle bit, new feedback indicator (NFI), in the DCI to indicate whether the HARQ-ACK feedback from the UE was received by the gNB or not. This comes on top of count on the HARQ process(es) in previous COT(s) which is not acknowledged. The concept is very well inspired by the New Data Indicator (NDI) used in dedicated UL grants. In a way, the gNB sends an explicit acknowledgement for the feedback reception. The procedure works as follows: 
· Not toggle, the HARQ-ACK occasion(s) was not received, e.g. no PUCCH was received. The UE will automatically include the none received HARQ-ACK bits in the next reporting occasion on either PUSCH or PUCCH. In a way, the NFI bit acts as an explicit indication to trigger feedback retransmission within the next feedback occasion.
· Toggled. the HARQ-ACK occasion(s) was received by the gNB. The UE will not include the previous HARQ-ACK bits in the next HARQ-ACK reporting occasion.

Figure 2 shows how the problem in Figure 1 can be resolved by the introduction of NFI field in DCI. 
[image: ]
[bookmark: _Ref4787171]Figure 2: NFI resolved gNB and UE misalignment in case of missed PDSCH
Figure 3 are an example to highlight how the introduction of NFI bit helps the UE distinguish mis-detected PUCCH and mis-detected PDSCH so that the correct feedback is reported. 
[image: ]
[bookmark: _Ref4787202]Figure 3: NFI in case of PUCCH and/or PDSCH misdetection

[bookmark: _Toc4787376]Support the following enhancements for dynamic codebook HARQ: 
· [bookmark: _Toc4787377]A DCI corresponding to the first PDSCH that is expected to be acknowledged in a PUCCH transmission, can include DAI value larger than the number of corresponding HARQ-ACK bits. 
· [bookmark: _Toc4787378]The additional value corresponds to the acknowledgements of the previous HARQ processes. 
[bookmark: _Toc4787379]Introduce a configurable toggle bit (NFI) in a DCI to indicate whether the expected HARQ-ACK feedback(s) from the UE was correctly received by the gNB or not.
· [bookmark: _Toc4787380]Not toggle: the HARQ-ACK occasion(s) since the bit was last toggled was not received. The UE will automatically include the none received HARQ-ACK bits in the next reporting occasion
· [bookmark: _Toc4787381]Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB

3	Scheduling enhancements
3.1	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 grant 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: _Toc4787382]Support UL/DL Scheduling combination: 
· [bookmark: _Toc4787383]Self-scheduling for DL
· [bookmark: _Toc4787384]Self- and/or cross-carrier scheduling for UL
· [bookmark: _Toc4787385][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.
3.2	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.
Observation 4	It is not clear if extension of the PUSCH time resources critically needed.
3.3	Multi-slot scheduling
During the SI phase, it was agreed that
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U

Two options for multi-TTI scheduling were considered: (1) one TB per slot, like what was done in Rel-14 multi-subframe scheduling for LAA, or (2) one TB across multiple slots. The latter requires more changes to NR specifications, without strong motivation for that. With larger subcarrier spacing, it is easier to exhaust all the 16 HARQ for one UE within less than a MCOT duration. However, this is only true with 60KHz subcarrier spacing. Also, it would be a limiting factor if only one UE has data to transmit/receive. Otherwise, the gNB can always time multiplex transmissions to/from different UEs within the same COT. 
It has been claimed that single TB across multiple slots can reduce overhead since single HARQ-ACK bit is needed for multiple slots. If so, it means if single slot is highly interfered, which can be the case in case of collision at the beginning of the COT, the whole TB reception will fail. This will require retransmission of the whole large TB which induces much more overhead as compared to one TB per slot. Alternatively, scheduling one TB across multiple slots is used together with CBG based HARQ-feedback. The overhead saving benefits as compared to single TB across multiple slots is not clear.  

[bookmark: _Hlk520468333][bookmark: _Hlk520468119]Observation 5	Scheduling one TB across different slots is not supported.

[bookmark: _Toc4787386]On the option of the multi-slot scheduling with different TBs and a single DCI, based on the following agreement, both mini-slot as well as slot scheduling are supported. 
Agreement (RAN1#96):
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
· 
[bookmark: _Toc4787387]Since the multi-slot transmission is agreed to be continuous, it can start and/or end with mini-slots. The task in hand is to design the detailed structure of the multi-slot and its corresponding DCI. As summarized in [3], 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. 
Observation 6	It is recommended to first focus on the following parameters for multi-slot scheduling.
· Maximum number of starting points
· Maximum number of ending points
· Fixed or floating HARQ process IDs over the scheduled multi-slot

From our perspective, at least two starting and ending points should be supported at the beginning and end of the multi-slot transmission.
Moreover, 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 at the consequence of LB, otherwise, the number of blind-decoding at the gNB substantially increases.
3.4	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.
Observation 7	It is not beneficial to support 2-stage grant in NR.

4	Conclusion
Based on the discussion in the previous sections we made the following observations and proposals:
Observation 1	It is questionable the benefits of increasing the value range of the RRC parameter dl-DataToUL-ACK.
Observation 2	The necessity of supporting Alt4 is questionable. The expected input from RAN4 on wideband operation would be important for meaningful assessment of different Alt 4 based proposals.
Observation 3	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 4	It is not clear if extension of the PUSCH time resources critically needed.
Observation 5	Scheduling one TB across different slots is not supported.
Observation 6	It is recommended to first focus on the following parameters for multi-slot scheduling.
· Maximum number of starting points
· Maximum number of ending points
· Fixed or floating HARQ process IDs over the scheduled multi-slot
Observation 7	It is not beneficial to support 2-stage grant in NR.


Proposal 1	A UE is expected to postpone transmission of HARQ-ACK information corresponding to PDSCH(s) in a PUCCH for K1 values that result in a time T, being the time between the last symbol of the PDSCH(s) and the starting symbol of the PUCCH, that is less than the required processing time for PUCCH transmission.
Proposal 2	Alt2 is not supported for NR-U
Proposal 3	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 4	Support the following enhancements for dynamic codebook HARQ:
· A DCI corresponding to the first PDSCH that is expected to be acknowledged in a PUCCH transmission, can include DAI value larger than the number of corresponding HARQ-ACK bits.
· The additional value corresponds to the acknowledgements of the previous HARQ processes.
Proposal 5	Introduce a configurable toggle bit (NFI) in a DCI to indicate whether the expected HARQ-ACK feedback(s) from the UE was correctly received by the gNB or not.
· Not toggle: the HARQ-ACK occasion(s) since the bit was last toggled was not received. The UE will automatically include the none received HARQ-ACK bits in the next reporting occasion
· Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB
Proposal 6	Support UL/DL Scheduling combination:
· Self-scheduling for DL
· Self- and/or cross-carrier scheduling for UL
· FFS: How to manage the number of blind decodes at the UE side.
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