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1 Introduction
In this contribution, we provide our view on possible HARQ related issues that should be address when designing HARQ enhancements for NR-U operation and on multi-TTI scheduling. 
2 [bookmark: _Ref178064866]Discussion
2.1	Scheduling 
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: _Toc1133769]Support UL/DL Scheduling combination: 
· [bookmark: _Toc1133770]Self-scheduling for DL
· [bookmark: _Toc1133771]Self- and/or cross-carrier scheduling for UL
· [bookmark: _Toc1133772]FFS: How to manage the number of blind decodes at the UE side.





2.2 Enhanced Dynamic HARQ codebook
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

Alt1 was agreed during last meeting. Alternative 3 can be realized using NR Rel-15 with no changes. The other alternatives are still open for discussion. 
Before going into the complications of all the options, 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 which includes: 
· The UE does not have enough time to process and report the feedback of the last PDSCH before the scheduled resources for the feedback transmission 
· The feedback is sent by the UE but not correctly decoded or detected by the gNB. 
It is important to support extensions to handle those cases. Nonetheless, those extensions should be kept as simple as possible as compared to what rel-15 supports. 
Alternative 2 is very problematic from gNB perspective. In Alternative 2, UE autonomously reports UCI with additional information about HARQ processes which increases the processing burden at the gNB which does not know where and when to expect this feedback.
[bookmark: _Toc1133773]Alt2 is not supported for NR-U
The need or effectiveness of Alternative 4 depends on the decision RAN1/4 make about wide band operation.
We believe there is enough merits in Alternative 1 to overcome the issues listed above. 
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: _Toc1133774]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	dl-DataToUL-ACK values 
During Ad-Hoc Meeting 1901 the following proposal was discussed: 
Proposal:
· The largest value supported by RRC parameter dl-DataToUL-ACK is larger than 15 for NR-U
· FFS between 31 and 63
· The number of bits of PDSCH-to-HARQ-timing-indicator is not increased for this purpose 

dl-DataToUL-ACK is the List timing for given PDSCH to the DL ACK. In Rel-15 specification, only the values [1..8] are applicable, to indicate a number between 0 and 15. During last meeting the following agreement was made [2]: 
Agreement:
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

Clearly, the intention of this proposal is mainly for the case of DL heavy COT with only one switching point at the end of the COT. If so, for cases where the gNB wants to indicate a timing difference that is larger than 15, the gNB can skip on providing any timing for the transmission of this HARQ A/N feedback at the time of the data transmission and provide it later when the timing for the transmission of this HARQ A/N feedback is less than 15 slots in the future. In fact, the later provides much more scheduling flexibility for the gNB instead of deciding on the scheduling for the upcoming 15+ slots in advance. Besides, it is not clear how adding a single (or few) new values of dl-DataToUL-ACK without extending the number of bits of PDSCH-to-HARQ-timing-indicator helps when the gNB still needs to semi-statically down select only 8 values that fall between (0 and 15/31/63). In many occasions in a DL heavy single switch point, the gNB will make use of “no timing indication” because not all values between 0 and 15/31/63 can be indicated by DCI.
[bookmark: _Toc1133775]No need to support RRC parameter dl-DataToUL-ACK value larger than Rel-15 NR
2.2.2 HARQ enhancement based on NFI: 
The following agreement was made during Ad-Hoc Meeting 1901 [2]:
Agreement:
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: ]
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: ]
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: ]
Figure 3: NFI in case of PUCCH and/or PDSCH misdetection

[bookmark: _Toc1133776]Support the following enhancements for dynamic codebook HARQ: 
a. [bookmark: _Toc1133777]If the gNB failed to receive the scheduled feedback, the gNB adds on the pending feedback of unacknowledged HARQ processes to the ongoing DAI value.  
b. [bookmark: _Toc1133778]Introduce a 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.
i. [bookmark: _Toc1133779]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
ii. [bookmark: _Toc1133780]Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB

2.3	PUSCH scheduling
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.
2.4	Multi TTI 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

The previous agreement on multiple TTIs implies that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant.
Two options for multi-TTI scheduling were considered: (1) one TB per TTI, like what was done in rel-14 multi-subframe scheduling for LAA, or (2) one TB across multiple TTI. 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 TTIs can reduce overhead since single HARQ-ACK bit is needed for multiple TTIs. If so, it means if single TTI 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 TTI. Alternatively, scheduling one TB across multiple TTI is used together with CBG based HARQ-feedback. In the later case, the overhead savings as compared to single TB across multiple TTIs are not clear.  
[bookmark: _Toc1133781][bookmark: _Hlk520468333][bookmark: _Hlk520468119]Scheduling one TB across different TTIs is not supported for NR-U
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	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 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	No need to support RRC parameter dl-DataToUL-ACK value larger than Rel-15 NR
Proposal 5	Support the following enhancements for dynamic codebook HARQ:
a.	If the gNB failed to receive the scheduled feedback, the gNB adds on the pending feedback of unacknowledged HARQ processes to the ongoing DAI value.
b.	Introduce a 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.
i.	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
ii.	Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB
Proposal 6	Scheduling one TB across different TTIs is not supported for NR-U
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