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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#93 meeting, the enhancement for HARQ operation in NR-U are discussed and the following agreements were achieved [1]:
Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required
· Mechanisms to support this need to be identified
· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted
· Mechanisms to support this need to be identified
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial
· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
In RAN1#94 meeting, the following agreements were further achieved [2]:
Agreement: 
· NR-U should support both:
· [bookmark: OLE_LINK20]HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy
· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· [bookmark: OLE_LINK4][bookmark: OLE_LINK5]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
In RAN1 #94bis meeting, the following agreements were achieved [3]:
Agreement:
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

In this contribution, we discuss HARQ operation for NR-U.
2. Discussion
2.1. [bookmark: OLE_LINK3]Fast A/N feedback
In self-contained operation, UE can share the COT of the gNB if the gap between DL and UL portions is sufficiently small. If the HARQ processing time of the UE is short enough, when the gNB senses the channel to be IDLE and starts to transmit after a gap or initial signal, the UE can perform fast A/N feedback of current slot PDSCH or previous slot PDSCH in the UL symbols as shown in Figure 1. It was agreed to allow a gap of up to 16 us between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time, one shot LBT or no LBT is performed at the UE side before the UL transmission for the shared COT case. When the channel is sensed to be IDLE, UE transmits the A/N. To enable such operation, the UE processing time for PDSCH should be fast enough, aggressive DL processing capability should be supported by the UE.


Figure 1: A/N feedback with self-contained operation
Proposal 1: Fast A/N feedback with self-contained operation using shared COT should be supported in NR-U.
Proposal 2: Aggressive DL processing timeline should be supported in NR-U.
2.2. Cross carrier HARQ
In standalone operation, all the transmissions are subject to the result of LBT in the unlicensed spectrum, even for the carrier aggregation. LBT must be performed before the transmissions in both Pcell and Scell. In order to ensure the service QoS, HARQ operation should be maintained as much as possible. Cross carrier HARQ can be considered in the standalone operation. The downlink or uplink HARQ process can be moved to another carrier than used for initial transmission. That is to say, the HARQ retransmission can be at any available carrier. The choosing of the retransmission carrier should take into account the factors such as channel availability, data load, etc. To support such flexible HARQ retransmission, signaling or mechanism which can indicate the index of the HARQ retransmission carrier need to be investigated. When the numerology of the initial transmission and that of the retransmission are different, the timing difference between the initial transmission and retransmission should be clearly indicated to avoid the ambiguity caused by the different numerologies. Note that similar mechanism has already been defined in NR Rel-15 SUL where the UL HARQ transmission can jump between a non-SUL carrier and a SUL carrier dynamically by the network indication. 
Proposal 3: Cross carrier HARQ can be considered in the standalone operation in the unlicensed spectrum.
2.3. HARQ-ACK codebook for NR-U
In NR Rel-15, two types (i.e. semi-static and dynamic) of HARQ-ACK codebook are supported. In NR-U, due the uncertainty of LBT result, some of the configured PDCCH monitoring occasions may not be available, which will result in many redundant HARQ-ACK bits in the semi-static codebook having no corresponding PDSCHs. For dynamic HARQ-ACK codebook, the LBT operation and feedback mechanism discussed in the following section 2.4 may cause ambiguity on HARQ-ACK payload between gNB and UE or some enhancements such as DAI are needed. 
To simplify the HARQ-ACK codebook determination and avoid ambiguity on HARQ-ACK payload between gNB and UE, UE always transmits the HARQ-ACK feedback based on the number of configured HARQ-ACK processes on a PUCCH transmission is beneficial. Since the number of HARQ processes is limited (e.g. N_HARQ_process=16), UE will always transmit 16-bit HARQ-ACK (considering the number of TBs is 1) on each PUCCH when UE is not configured with CBG-based HARQ-ACK codebook. If some HARQ-ACK processes have no feedbacks for the corresponding PDSCHs or SPS PDSCH release, UE can fill with dummy bits. In addition, UE can keep the HARQ-ACK bit state for the previous scheduled PDSCH until a new TB corresponding this HARQ process is scheduled. For example, as shown in Figure 2, UE is scheduled to transmit HARQ A/N for three PDSCHs with HARQ-ACK process ID 0/1/2 on the first PUCCH, UE transmits HARQ AN for this three processes and fills dummy bits for the remaining 13 processes. Then UE is scheduled with another three PDSCHs with HARQ-ACK process ID 3/4/5 on the second PUCCH, since there is no new scheduling for HARQ process ID 0/1/2, UE can keep the HARQ A/N feedback for these processes. UE transmits HARQ A/N for the scheduled 6 processes and fills dummy bits for the remaining 10 processes. If so, it can naturally provide with multiple opportunities for HARQ-ACK feedback and without any ambiguity on HARQ-ACK payload.
If UE is supported with CBG-based HARQ-ACK feedback, since the maximum number of CBGs for a TB is 8 (or the maximum number of CBGs per TB is 4 for 2 TBs case), UE needs to transmit at most 128 HARQ-ACK bits on a PUCCH. Due to the OCB requirement and interlace structure design for uplink transmission, a PUCCH is at least allocated with one interlace with several PRBs, there is sufficient resource to transmit these HARQ A/N bits. For example, as the last agreement for interlace design, the minimum N is 6 among all the identified candidates, that is, one PUCCH will have at least 6 PRBs, and there are 8 REs within a PRB used for UCI assuming that PUCCH format 2 is adopted, in one OFDM symbol, the total number available REs for HARQ-ACK feedback is 128. That is to say, UE only needs a PUCCH with two symbols to transmit 128 bits HARQ A/N in the worst case.
[image: ]
[bookmark: _Ref528866286]Figure 2: HARQ-ACK codebook size=16 
Proposal 4: For NR-U, besides semi-static and dynamic HARQ-ACK codebook which is defined in Rel-15, HARQ-ACK codebook size based the number of configured HARQ processes is also supported 
2.4. HARQ-ACK for NR-U
For NR-U, the main issue is the unpredictability of UL transmission opportunity due to the potential LBT failure. And if UE cannot transmit HARQ-ACK to gNB, the DL performance will be impacted. Multiple transmission opportunities are beneficial for HARQ-ACK feedback. Thus, the mechanisms with flexible triggering HARQ-ACK feedback are preferred. Some methods had been discussed during the RAN1 #94meeting for indicating HARQ-ACK feedback. 
Alt1：gNB requests/triggers feedback for PDSCH from earlier COT(s)
In this method, L1 can trigger a HARQ-ACK feedback corresponding to the latest scheduled PDSCH. As shown in Figure 3, due to LBT failure, HARQ-ACK for PDSCH group 1 cannot be transmitted to gNB. On the occasion for PUCCH 2, gNB can trigger HARQ-ACK feedback for both PDSCH group 1 and group 2, which reduces influence on DL performance. Note group 1 and 2 belongs to different COTs. The HARQ-ACK codebook for the current COT can be determined based on the same principle defined in Rel-15. By additional DCI field which triggers HARQ-ACK reporting for previous COT(s), gNB can obtain HARQ-ACK corresponding to previous DL scheduling. 


[bookmark: _Ref528867940]Figure 3 triggering HARQ-ACK feedback corresponding to the latest scheduled COT (i.e., PDSCH)
Per COT HARQ-ACK feedback may have some drawbacks. For example, the HARQ-ACK payload size can be very large if HARQ-ACK bits in multiple COTs are reported. Furthermore, if the initial transmission in COT1 and retransmission in COT2 are reported in the same PUCCH, the HARQ-ACK belongs to the same HARQ process ID leads to redundancy.
Therefore, it is proposed to request/trigger HARQ-ACK feedback from earlier COT(s) based on the indicated HARQ process IDs or HARQ process ID group.
In this method, the DCI indicates HARQ-ACK transmission corresponding to the previous DL scheduling based on HARQ processes feedback field which indicates the HARQ processes ID. Based on the additional HARQ process IDs information, UE can transmit HARQ-ACK bits for both previous and current scheduled PDSCH groups. 
One issue of this method is the larger payload size. If all HARQ process IDs for feedback are included in the DCI, the DCI payload would be oversized. The method for payload reduction should be considered. For instance,  HARQ process IDs grouping can be considered. Take Figure 4 as an example, HARQ process IDs are divided into four groups, where four HARQ process IDs are indicated per group. In this case, only 4bits are used in DCI.         


[bookmark: _Ref528867977]Figure 4 HARQ process IDs grouping

Proposal 5: Further study two alternatives for gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt1：the HARQ-ACK bits per COT is reported, gNB indicates which COT(s) shall be reported for a UE. 
· Alt2：gNB indicates the reported HARQ-ACK process ID(s) for each COT and which COT(s) shall be reported for a UE.
Another question is whether the dedicated DCI is introduced to indicate HARQ-ACK feedback corresponding to the previous scheduled PDSCH group.
In the case of the dedicated DCI, DCI payload size should be determined firstly. If the dedicated DCI with the new payload size is applied, the limitation of the number of BD/CE should be considered at UE side. One simple method is to align the DCI payload size to an existing one.
Proposal 6: If the dedicated DCI is applied for HARQ-ACK feedback in NR-U, the limitation of number of BD/CE should be considered at UE side.
Alt2：UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
For Alt 2, if UE always transmits HARQ-ACK from multiple COT(s) irrespective LBT succeeds or not in the earlier COT(s), it will lead to the redundant UCI transmission. If UE only transmits HARQ-ACK from multiple COT(s) when LBT fails in the earlier COT(s), it will possibly cause ambiguity on HARQ-ACK payload between gNB and UE. On the other hand, the configured number of COT(s) for HARQ feedback cannot adapt to the LBT results. If the configured number of COT(s) is less than the number of LBT failed COT(s), HARQ-ACK from earlier COT(s) still can’t be obtained by gNB. The improved method can be considered. For example, UE may autonomously determine the number of HARQ-ACK bits according to the LBT procedure. To align the understanding between gNB and UE on HARQ-ACK resources and the number of bits, this information can be piggybacked on the uplink transmission from UE. Such information includes presence/absence of the UCI transmission from earlier COT(s), or the number of UCIs, or time-frequency resources being used for UCI/HARQ-ACK in the uplink transmission.
Proposal 7: UE autonomously piggyback information for reporting HARQ-ACK feedback for PDSCH from earlier COT(s) is beneficial to reduce LBT failure. The information includes, e.g., presence/absence of the UCI transmission from earlier COT(s) etc.
Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
For Alt 3, PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH is used to indicate UE that the HARQ-ACK feedback is to be transmitted out of the current COT. This is similar to the mechanism of HARQ-ACK feedback indicator in the same COT except for UE LBT category. Since HARQ-ACK feedback is out of the shared COT, one shot LBT or no LBT may not be applicable. UE may perform category 4 LBT to acquire channel occupancy time and then transmit HARQ-ACK in the indicated PUCCH resource. 
In conclusion, we see the demerits of Alt1 of introducing additional DCI design and LBT failure at gNB side, while alt2 and alt3 can simplify the DCI design and only a single PDCCH is needed for an HARQ-ACK process.
Proposal 8: For HARQ-ACK feedback for PDSCH from a previous COT, alt2 and alt3 are preferred
· 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
2.5. HARQ-ACK for Msg4
The number of HARQ process is only one for Msg 4 transmission, therefore, reporting HARQ-ACK from multiple COT(s) is not necessary for Msg 4. A simple way is to allow multiple transmission opportunities. So far, Rel-15 spec for Msg 4 HARQ-ACK only allows one opportunity, which is indicated by SIB1 and downlink grant. Therefore, it is proposed to extend the indication by the following alternatives:
· Alt 1: DCI indicates multiple transmission opportunities for Msg 4 HARQ-ACK.
· Alt 2: SIB 1 indicates repetition for Msg4 HARQ-ACK transmission. And in case LBT failure, UE cancels the repetition. The mechanism can also be used for general Rel-16 design.
Proposal 9: Before establishing RRC connection, reporting HARQ-ACK from multiple COTs for Msg 4 HARQ-ACK is not needed. Further study mechanisms for multiple transmission opportunities for Msg 4 HARQ-ACK.
3. Text Proposal for 38.889 v0.2.0
------------------------------Start Text Proposal---------------------------------
7.2.1.3.3	Potential HARQ enhancements
NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified. 
[bookmark: _GoBack]Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial. For NR-U, the design strives to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required. Aggressive DL processing timeline is beneficial to increase the opportunity of transmission of HARQ A/N for the corresponding data in the same shared COT. 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. However, it is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted. 
Techniques to handle collision avoidance of HARQ A/N transmission for a given HARQ process due to LBT failure are identified as beneficial. Potential techniques include mechanism to allow cross carrier HARQ-ACK reporting w.r.t standalone operation in the unlicensed spectrum.
Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial. Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities.
When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
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.
NR-U should support both the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy and HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. 
HARQ-ACK codebook size based on the  number of configured HARQ-ACK processes is beneficial to avoid HARQ-ACK payload determination ambiguity between gNB and UE. 
To support the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy to be reported in the same channel occupancy, it is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations. One or more of the following would be needed: Allow values larger than 15 by RRC signalling; Allow more bits for the PDSCH-to-HARQ-timing-indicator.
To support HARQ-ACK feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy, the following possible candidate solutions can be considered:
If explicit signaling is provided to the UE to indicate exact timing for transmitting HARQ-ACK feedback for PDSCH from a previous COT
-	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
- The exact HARQ feedback timing is provided to the UE in another DCI than the DCI scheduling the PDSCH
- UCI  multiplexing across multiple COT(s) is beneficial to UE HARQ-ACK/CSI reporting

-	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
- If the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB initiated COT, then the UE will attempt reporting at the indicated time and resource (for example in a UE-initiated channel occupancy)
- Introduce a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that allows signaling that the timing for HARQ-ACK feedback for the corresponding PDSCH is to be indicated at a later time
If explicit signaling is not provided for the UE to indicate exact timing for transmitting  HARQ-ACK feedback for PDSCH from a previous COT
-	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
-  UE autonomously reports UCI with additional information about HARQ processes is beneficial to reduce LBT failure, e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUCCH or PUSCH along with the HARQ-ACK feedback
A combination of Alt1, Alt 2 and Alt3 is beneficial  
The alternatives above are at least applicable for the case where there is no HARQ-ACK feedback expected in the same channel occupancy as the PDSCH.
Before establishing RRC connection, reporting HARQ-ACK from multiple COTs for Msg 4 HARQ-ACK is not needed.
…
------------------------------End Text Proposal---------------------------------

4. Conclusion
In the contribution, we investigate HARQ-ACK operation for NR-U, and propose that,
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 1: Fast A/N feedback in the self-contained slot using shared MCOT should be supported in NR-U.
Proposal 2: Aggressive DL processing timeline should be supported in NR-U.
Proposal 3: Cross carrier HARQ can be considered in the standalone operation in the unlicensed spectrum.
Proposal 4: For NR-U, the following HARQ-ACK code can be considered
· Semi-static HARQ-ACK codebook in NR Rel-15
· Dynamic HARQ-ACK codebook in NR Rel-15
· HARQ-ACK codebook with size of number of configured HARQ-ACK process IDs
Proposal 5: Further study two alternatives for gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt1：the HARQ-ACK bits per COT is reported, gNB indicates which COT(s) shall be reported for a UE. 
· Alt2：gNB indicates the reported HARQ-ACK process ID(s) for each COT and which COT(s) shall be reported for a UE.
Proposal 6: If the dedicated DCI is applied for HARQ-ACK feedback in NR-U, the limitation of number of BD/CE should be considered at UE side.
Proposal 7: UE autonomously piggyback information for reporting HARQ-ACK feedback for PDSCH from earlier COT(s) is beneficial to reduce LBT failure. The information includes, e.g., presence/absence of the UCI transmission from earlier COT(s) etc.
Proposal 8: For HARQ-ACK feedback for PDSCH from a previous COT, alt2 and alt3 are preferred
· 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
Proposal 9: Before establishing RRC connection, reporting HARQ-ACK from multiple COTs for Msg 4 HARQ-ACK is not needed. Further study mechanisms for multiple transmission opportunities for Msg 4 HARQ-ACK.
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