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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 also on multi-TTI scheduling. 
[bookmark: _Ref178064866]2	Discussion
2.1	Self-contained COT
NR supports small processing delays, but not as small as providing feedback within the same slot, at least for capability 1 UEs. For instance, with a subcarrier spacing of 30KHz, L1 processing delay from end of PDSCH until beginning of PUCCH is minimum 10 OFDM symbols assuming capability 1 UE. Therefore, there will be at least 10 OFDM symbol gap between the end of PDSCH reception and the corresponding feedback. values corresponding to UE capability 1 are listed in Table 1. The values for capability 2 UE are lower.
Table 1: processing delays for a Capability 1 UE
	PDSCH Configuration
	HARQ Timing
	30 kHz SCS
	60 kHz SCS

	Front-loaded DMRS only
	N1
	10
	17

	Front-loaded + additional DMRS
	N1
	13
	20

	Frequency-first RE-mapping
	N2
	12
	23

	N1: # of OFDM symbols from end of PDSCH until beginning of PUCCH
N2: # of OFDM symbols from end of PDCCH (UL grant) until beginning of PUSCH



Accordingly, Figure 1 shows an example where the feedback at n-1 cannot be included in the feedback in slot n if subcarrier spacing 30KHz is used. In case of 60KHz SCS, both n-1 and n-2 cannot be included. 
[image: ]
Figure 1: Impact of processing delays on the HARQ feedback 

[bookmark: _Toc520912652]It highly beneficial to maximize the chances that the feedback of all the transmissions within a certain transmit opportunity is self-contained within the same channel occupancy, of course while still fulfilling regulatory requirements. Lack of feedback, or delayed feedback significantly impact the overall performance in terms of UE’s throughput and also in terms of inefficient use of the channel if the delayed feedback trigger unnecessary retransmissions. Even if multiple switching points within a COT is supported for NR-U, there will still be cases where the PDSCH(s) transmission immediately before the last scheduled PUCCH cannot be included unless there is enough time to process the PDSCH transmission before the feedback transmission. The gNB can accommodate for the PDSCH processing delay by scheduling signals that do not require HARQ feedback from the UE between the last PDSCH reception and the scheduled feedback within the same COT. Such signals/channels include PUSCH, SRS, DMRS system information or other broadcast information, etc. Some changes might be needed to allow transmissions of those signal dynamically. However, the exact changes depend on the supported format, length, and location of the NR-U control signals/channels.
Besides, Capability #2 UE supports N1 = 4.5 symbols for 30KHz subcarrier spacing making self-contained COT easier to achieve.
[bookmark: _Toc528683683]It is easier to achieve Self-contained COT using capability #2 UE. 
[bookmark: _Toc528683684]The gNB can accommodate for the PDSCH processing delay, by scheduling signals that do not require HARQ feedback between the last PDSCH reception and the scheduled feedback within the same COT.
2.2	 Enhanced Dynamic HARQ codebook
During RAN1#94 [1], the following was agreed: 
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook

The solution should at least handle the following main issues: 
· Supplementary feedback occasions: provide the UE with another opportunity to send the failed feedback without additional overhead. 

· The gNB cannot distinguish between a failed LBT and a missed PUCCH detection. This will cause misalignment between the expected codebook size by the gNB and the actual one sent by the UE. Therefore, NR-U should support including a mechanism to inform the UE if the transmitted feedback was received by the gNB or not.
· 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. 

[bookmark: _Toc528949389]Alignment between gNB expected codebook size on UCI and the one reported by the UE even in case of PUCCH misdetection should always be guaranteed. 

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: _Toc528949390]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.  
In the following, we discuss a solution based on both alternative 1 and 2 that as least handles the first two issues.
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. 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.

[image: ]
Figure 2: Dynamic Codebook with NFI
[image: ]
Figure 3: Dynamic Codebook with NFI in case of Failed PUCCH detection (due to PUCCH misdetection or failed PUCCH transmission due to failed LBT)
Figure 2 and 3 is an example to highlight how the introduction of NFI bit helps the UE figure out that the last PUCCH transmission was not received by the gNB and therefore, explicitly indicating to the UE to retransmit the earlier feedback in the next PUCCH occasion.
In addition to the NFI field in DCI, NR-U can possibly consider indicating a reserved value for PDSCH-to-HARQ-timing-indicator. The actual transmission time of the HARQ feedback is determined by first subsequent DL scheduling DCI with a valid value for PDSCH-to-HARQ-timing-indicator. Figure 4 shows an example. Where the UE sets the PDSCH-to-HARQ-timing-indicator of the 3rd PDSCH transmission only after the reception of the next PDCCH.  
[image: ]
Figure 4: Dynamic Codebook with NFI + disabling PDSCH-to-HARQ-timing indicator

[bookmark: _Toc528949391]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.
a. [bookmark: _Toc528949392]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
b. [bookmark: _Toc528949393]Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB

2.3		Multi TTI scheduling
During RAN1#93 [2] the following agreement was made: 
Agreement:
· 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

There are two options for multi-TTI scheduling: (1) one TB per TTI, similar to what was done in rel-14 multi-subframe scheduling for LAA, or (2) one TB across multiple TTI. The later 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: _Toc528949394][bookmark: _Hlk520468333][bookmark: _Hlk520468119]Scheduling one TB across different TTIs is not supported for NR-U
[bookmark: _Hlk520912163]LAA multi-subframe scheduling should be the baseline to enable scheduling multiple TTIs for PUSCH using a single UL grant in NR. 
[bookmark: _Toc528949395]Scheduling multiple TTIs with different TBs for PUSCH using multiple or single UL grants in the same PDCCH monitoring occasion is supported in NR-U
Conclusion
In the previous sections we made the following observations: 
Observation 1	It is easier to achieve Self-contained COT using capability #2 UE.
Observation 2	The gNB can accommodate for the PDSCH processing delay, by scheduling signals that do not require HARQ feedback between the last PDSCH reception and the scheduled feedback within the same COT.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Alignment between gNB expected codebook size on UCI and the one reported by the UE even in case of PUCCH misdetection should always be guaranteed.
Proposal 2	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 3	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.
a.	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
b.	Toggled: the HARQ-ACK occasion(s) since the bit was last toggled was received by the gNB
Proposal 4	Scheduling one TB across different TTIs is not supported for NR-U
Proposal 5	Scheduling multiple TTIs with different TBs for PUSCH using multiple or single UL grants in the same PDCCH monitoring occasion is supported in NR-U
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