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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The following physical layer procedures have been identified as the objectives of the work item.
-	Physical layer procedure(s) including [RAN1, RAN2]:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
…
In this contribution we discuss potential issues on NR-U HARQ enhancement.
2. Discussion
2.1. HARQ-ACK feedback
1. 
2. 
2.1. 
Trigger design and codebook determination
In RAN1#96bis meeting [2], following agreement about HARQ-ACK feedback mechanism was achieved:
 (
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 
carr
y
 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
Semi-static codebook. Options FFS.
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
Note: The discussion on p
reconfigured/pre-indicated multiple opportunities in frequency domain in different LBT 
subbands
 is a separate discussion
)
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]With explicit request/trigger, it is allowed to trigger/request a report for missed or unreported HARQ-ACK feedback(s) in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s). 
· Comparison of two options for dynamic codebook
With respect to the dynamic HARQ codebook, two options were summarized according to the aforementioned agreement. Let’s take a brief analysis about them.
For option 1, the number of HARQ-ACK bits for one PDSCH group is constant across initial transmission and subsequent potential retransmissions, which is more compliant with the dynamic HARQ codebook in NR Rel-15, as the UE does not need to detect if an existing group is enlarged with new PDSCH transmissions. When there is a need to trigger HARQ-ACK feedbacks for an existing group, a separate new group may be used. Therefore, more groups may be beneficial to potentially allow more transmission opportunities, which can result in more reliability and flexibility. If the allowed maximum number of groups is not enough to accommodate the potential requirements for maximum number of transmission opportunities, there could be the case that all groups are exhausted and no available group could be used to schedule new PDSCH transmissions and trigger retransmission of HARQ-ACK feedbacks for used groups. However, allowing more groups will lead to more bits in DCIs scheduling PDSCHs to indicate the group index for scheduled PDSCH, as well as to indicate potentially other triggered groups for HARQ-ACK retransmission, which will cause significant overhead in DCIs. To enable tradeoff between allowed transmission opportunities and DCI overhead, RRC signaling could be used to configure maximum number of groups for grouping PDSCHs, which consequently determines the required bits to indicate a group, as well as indirectly restricts the required bits used to trigger other groups.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]For option 2, the number of HARQ-ACK bits for one PDSCH group may be enlarged according to the reset indicator, and new PDSCHs can be added to this group to perform normal data transmissions, as well as to trigger retransmission of HARQ-ACK feedbacks for transmitted PDSCHs belonging to this group. The HARQ-ACK codebook corresponding to one PDSCH group may be enlarged continuously until the total codebook is received by gNB correctly, which seems not very straightforward compared to the dynamic HARQ codebook in NR Rel-15, and may introduce some complexity or ambiguity. Considering the restriction of UE processing time, HARQ-ACK feedbacks for PDSCHs scheduled in the tail part of a gNB-initiated COT may keep pending until in the next gNB-initiated COT an available PUCCH resource and timing can be indicated for these HARQ-ACK feedbacks. Therefore, more than one group shall be supported. Support more than two groups may further increase the flexibility of downlink scheduling and HARQ-ACK feedback, as each group can be operated independently, but the gain could be marginal, and more bits will be needed in the DCI to signal grouping related information, thus resulting in more signalling overhead.


Figure 1 Two groups for dynamic HARQ codebook option 2
Observation 1: For dynamic HARQ codebook option 1, the allowed maximum number of groups could be configured by RRC signalling; for option 2, two groups are sufficient.
· DCI field to trigger additional groups for dynamic codebook
According to the agreement, dynamic HARQ codebook option 1, and potentially option 2, may request HARQ-ACK feedbacks for more than one PDSCH group to be carried on one PUCCH or potentially one PUSCH. With respect to design of DCI fields, so far several solutions have been proposed as follows: 
· Current group index and number of triggered groups are indicated in a DCI. The reported groups in a PUCCH should be consecutive, that is, the DCI indicating current group N can only additionally request HARQ-ACK feedbacks for groups N – 1, N – 2, …, the number of which is indicated by the DCI as well [3]. Alternatively, the number of groups S (S >= 1) indicated in the DCI count current group with default value 1. When other groups is requested at the same time, the value for S will be larger than 1, which indicates the UE should transmit the HARQ-ACK feedbacks for the latest S-1 PDSCH group(s) along with the HARQ-ACK feedbacks for the current PDSCH group [4]. This solution brings strict restriction on allocation of group indexes, leading to less flexibility and more complexity.
· [bookmark: _GoBack]Current group index and one additional previous group index are indicated in a DCI. The additional previous group index is not required to be consecutive with current group index, which allows more flexible triggering [3]. With the limitation of allowing only one triggered group for HARQ-ACK retransmission, the flexibility of this solution is also limited.
· Current group index and a group level bitmap are indicated in a DCI. Generally the size of the bitmap equals to the maximum number of groups permitted [4], which could be configured by RRC signalling, with each bit in the bitmap corresponds to the usable group with the same index. Alternatively, the size of the bitmap can be reduced by 1. Since current group is always indicated by the DCI, there is no need to indicate it redundantly in the bitmap. With the group level bitmap, each group can be triggered independently in the same DCI with almost no restrictions, at the expense of more bits in the DCI.
Proposal 1: For dynamic HARQ codebook to request HARQ-ACK feedbacks for more than one PDSCH group, current group index and a group level bitmap are indicated in a downlink scheduling DCI.
· One-shot group HARQ-ACK feedback on top of dynamic codebook
During downlink scheduling, there may be some cases in which normal scheduling DCIs could not be indicated:
· All groups are exhausted and no available group could be used to schedule new PDSCH transmissions and trigger retransmission of HARQ-ACK feedbacks for used groups.
· There is no available downlink data for UE, so no normal scheduling DCI will be indicated to the UE, but there remains the need to request retransmission of HARQ-ACK feedbacks for used groups.
In these cases, a group-common DCI triggering multiple UEs to report HARQ-ACK feedbacks can be beneficial from triggering overhead perspective. Since usually, a gNB-initiated COT with multiple UEs to report HARQ-ACK feedbacks in the same COT is a typical scenario and thus triggering multiple UEs seems to be natural and reasonable design as well. The group-common DCI could include a group level bitmap for each involved UE to request HARQ-ACK feedbacks based on dynamic HARQ codebook, or include one bit for each UE to request one-shot group HARQ ACK feedback for all configured HARQ processes.
When designing new DCI format, it will most probably introduce new DCI size so that it will increase the number of BD/CE at UE side.
Proposal 2: When designing or enhancing DCI format to trigger/request reports for missed or unreported HARQ-ACK feedbacks, the new DCI can be group-common, and the limitation for the number of BD/CE at UE side should be considered.
Alternatively, to avoid increasing the number of BD/CE at UE side, gNB can use scheduling DCI format indicating invalid PDSCH allocation to only request/trigger retransmission of HARQ-ACK feedbacks for used groups. For example, the resource assignment related fields such as TDRA or FDRA in the DCI can be set as reserved values to indicate empty/invalid resource. If so, UE is triggered to transmit HARQ-ACK feedbacks only for indicated groups in the DCI, or transmit one-shot group HARQ ACK feedback for all configured HARQ processes, based on the PUCCH resource and timing specified in the DCI. In this case, since no new DCI format is introduced, there is no extra burden with respect to PDCCH blind detections at the UE. 
Proposal 3: Scheduling DCI can be used to only request/trigger HARQ-ACK feedbacks by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Besides, when HARQ-ACK feedbacks for more than one group are requested, some misalignment or ambiguity about HARQ-ACK bits, such as bit number, or the corresponding PDSCH for each bit, may exist between gNB and UE. The more the number of groups is, the higher the probability of misalignment or ambiguity may be. To alleviate this problem, and simplify organizing the HARQ-ACK codebook, when the number of groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
Proposal 4: When the number of PDSCH groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
· Considerations about semi-static codebook
With respect to semi-static codebook, in order to not introduce additional complexity, semi-static codebook in NR Rel-15 can be reused in NR-U with no enhancements. When there is a need to retrieve pending HARQ-ACK feedbacks for PDSCHs scheduled in the tail part of last COT, or to trigger retransmission of missed or unreported HARQ-ACK feedbacks, one-shot group HARQ-ACK feedback for all configured HARQ processes could be used.
Proposal 5: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
LBT category for HARQ feedback timing
In TR38.889 [5], there is a candidate solution that, 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 outside 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 outside the shared COT, category 1 LBT or category 2 LBT may not be applicable. UE may perform category 4 LBT to access channel and then transmit HARQ-ACK in the indicated PUCCH resource.
There can be situation described as follows. The gNB indicates UE in a COT (named COT1) to report HARQ-ACK feedbacks with a PUCCH resource that falls outside COT1 by applying category 4 LBT to access the channel. Then gNB acquires another COT (named COT2), and the indicated PUCCH resource falls inside COT2, UE can apply category 1 LBT or category 2 LBT to report HARQ-ACK feedbacks in the indicated PUCCH resource in this scenario. Meanwhile, if gNB schedules in COT2 new PDSCH transmissions for UE, of which corresponding HARQ-ACK feedbacks will also be reported in the indicated slot, then gNB can indicate UE to apply category 1 LBT or category 2 LBT to access the channel, in order to simplify UE behavior and improve  probability of successful channel access. At this time, two LBT categories are indicated by gNB for the HARQ-ACK feedbacks in a slot, which LBT category UE should follow in this scenario needs further consideration.



Figure 2 LBT category confusion for PUCCH
Observation 2: When using PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH to indicate UE to feedback HARQ-ACK outside a COT, the UE may be indicated two LBT categories for a same PUCCH resource and how the UE handles such case needs to be considered.
2.2. Multi-TTI scheduling
In RAN1#96 meeting [6], following agreement about multi-TTI scheduling was achieved:
 (
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
)
Based on the agreement above, new DCI format for scheduling multiple TTIs using a single UL grant is required. In eLAA, DCI formats 0B/4B are introduced to schedule PUSCH in each of multiple consecutive subframes for single antenna port and multi-antenna port transmission mode, respectively. In NR Rel-15, DCI format 0_0 and DCI format 0_1 can be used to schedule single PUSCH transmission, known as the fallback format and the non-fallback format respectively. All these DCI formats can be considered as a starting point for the design of new DCI format to schedule multiple TTIs using a single UL grant, with each TTI corresponding to a separate TB.
Proposal 6: New DCI format for scheduling multiple TTIs using a single UL grant is required, and DCI formats 0B/4B in eLAA as well as DCI formats 0_0/0_1 in NR Rel-15 can be considered as a starting point. 
To improve the probability of successful access to the shared channel, multiple starting points can be considered, that is, there are several positions during a slot where an attempt for evaluating availability of the shared channel can be made before successfully accessing to the shared channel. Alternatively, mini-slots can be scheduled at the initial part of, or throughout the scheduled multiple slots. When the UE has gained the shared channel at the beginning of some mini-slot, it could transmit in mini-slot granularity until the next slot boundary met, after which it will switch to slot granularity. Or the UE could aggregate some consecutive mini-slots as a larger mini-slot or full slot, without crossing slot boundaries, in contrast to the scheduled slot/mini-slot boundaries, to decrease the number of occupied HARQ processes. To achieve this and avoid ambiguity between gNB and UE, predefined rules or assistant information piggybacked in PUSCH transmission could be considered.
Proposal 7: Multiple starting points or mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
In NR Rel-15, slot aggregation is supported for which repetitions of a single TB are transmitted across multiple consecutive TTIs. In NR-U, similar mechanism can be considered where gNB schedules multiple TTIs using a single UL grant for a single TB corresponding to only one HARQ process. Once LBT succeeds, UE transmits repetitions of the single TB across these scheduled and available multiple TTIs. The reliability increases resulting from repetition transmission. The details of design may be different from slot aggregation in NR Rel-15 in following aspects. If the channel is busy in the slot where RV0 is scheduled for transmission, the transmission of RV0 can be deferred until LBT succeeds. Alternatively the repetition is performed only for RV0, then the RV0 can be transmitted once LBT succeeds. If there are more available TTIs than the required number of repetitions, the redundant TTIs after transmitting all required repetitions can be released. Alternatively, more repetitions than required can be transmitted until all available TTIs are exhausted. When there are less available TTIs than the required number of repetitions, the transmission should stop immediately when all available TTIs are exhausted. 
Proposal 8: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.
3. Conclusion
In this contribution, we investigate HARQ-ACK operation for NR-U, and the proposals and observations made are summarized below:
Observation 1: For dynamic HARQ codebook option 1, the allowed maximum number of groups could be configured by RRC signalling; for option 2, two groups are sufficient.
Proposal 1: For dynamic HARQ codebook to request HARQ-ACK feedbacks for more than one PDSCH group, current group index and a group level bitmap are indicated in a downlink scheduling DCI.
Proposal 2: When designing or enhancing DCI format to trigger/request reports for missed or unreported HARQ-ACK feedbacks, the new DCI can be group-common, and the limitation for the number of BD/CE at UE side should be considered.
Proposal 3: Scheduling DCI can be used to only request/trigger HARQ-ACK feedbacks by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Proposal 4: When the number of PDSCH groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
Proposal 5: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
Observation 2: When using PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH to indicate UE to feedback HARQ-ACK outside a COT, the UE may be indicated two LBT categories for a same PUCCH resource and how the UE handles such case needs to be considered.
Proposal 6: New DCI format for scheduling multiple TTIs using a single UL grant is required, and DCI formats 0B/4B in eLAA as well as DCI formats 0_0/0_1 in NR Rel-15 can be considered as a starting point.
Proposal 7: Multiple starting points or mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
Proposal 8: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.
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