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Introduction
In RAN1 #96bis, the following agreements were made for NR-U HARQ enhancement:
Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.
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 carry 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 preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion
In this contribution, we further discuss the HARQ enhancements for NR-U.
Discussion 
Trigger-based HARQ-ACK transmission
Both dynamic HARQ codebook and semi-static HARQ codebook should be supported by trigger-based HARQ-ACK transmission. The advantages of semi-static HARQ codebook include:
1) There is no ambiguity about the size of HARQ codebook.
2) The overhead of trigger singling is lower. 
Semi-static HARQ codebook is appropriate for the HARQ-ACK feedback triggered by DL grant or UL grant. Only 1-bit trigger indicator is needed in the grant. However, considering the transmission occasions on NR-U carrier are inconstant, the Rel-15 semi-static HARQ codebook determined based on the set of HARQ timing values is not appropriate, and we propose that trigger-based semi-static HARQ codebook should be determined based on the number of HARQ processes.
Proposal 1: For trigger-based HARQ-ACK transmission, semi-static HARQ codebook should be supported.
Proposal 2: The trigger-based semi-static HARQ codebook should be determined based on the number of HARQ processes.

On NR-U carrier, the interference is variable, and the probability of missing of DL grants (even a whole COT) is not non-ignorable, for example, in hidden node case. Therefore, for dynamic HARQ codebook, the main issue is how to avoid the ambiguity about the codebook size caused by DL missing.
· Option 1: One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups. The number of HARQ-ACK bits for one PDSCH group is constant.
For option 1, DAI should be accumulated only within one PDSCH group. Otherwise, Option 1 will become a special case of option 2.
When Rel-15 2-bit DAI is reused, up to 2-bit PDSCH grouping indicator can guarantee there is no ambiguity about the codebook size. For example, when at most 16 HARQ processes are configured to a UE, one PDSCH contain up to 4 PDSCHs, and at most 4 PDSCH groups are supported by the UE. 
When DCI request HARQ-ACK feedback for one or more PDSCH groups:
· Alt. 1: The number of PDSCHs per group is determined by DAI. 
· Alt. 2: Total number of PDSCHs in each group is indicated in trigger signaling, just as downlink-assignment-index in Rel-15 DCI format 0_1.
· Alt. 3: The number of HARQ-ACK bits per group can be fixed or semi-statically configured.
Alt. 1 is not preferred because there still has the ambiguity about the codebook size caused by DL missing.
Alt.2 leads to lowest HARQ-ACK overhead, and has no ambiguity. If HARQ-ACK transmission is triggered by a dedicated UE-specific DCI, i.e. the lots of padding bits may be included to keep the DCI size alignment with DL/UL grant, Alt.2 is preferred.
Alt.3 also has no ambiguity. To achieve lower HARQ-ACK overhead, gNB can schedule a new PDSCH group when the number of PDSCHs in the early group gets to the maximum. Comparing to Alt.2, the main advantage of Alt.3 is lower DCI overhead, which has benefit for DL/UL grant to trigger HARQ-ACK transmission.
Regarding reset of each PDSCH group in Option 1, since 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, reset of each PDSCH group can be determined by UE implementation. There is no need to introduce a new ACK-Feedback Group Indicator for each PDSCH Group.

· Option 2: One PUCCH can carry HARQ-ACK feedback for a single PDSCH group. The number of HARQ-ACK bits for one PDSCH group may not be constant.
To avoid the ambiguity about the codebook size, DAI should be extended to 4 bits. When DCI request HARQ-ACK feedback for one PDSCH group:
· Alt. 1: The number of PDSCHs is determined by DAI.
· Alt. 2: Total number of PDSCHs in the group is indicated in trigger signaling, just as downlink-assignment-index in Rel-15 DCI format 0_1.
Regarding reset of each PDSCH group in Option 2, a reset indicator signals new HARQ-ACK feedback for a PDSCH group is assumed.
According to the comparison between option 1 and option 2, shown in Table1, we prefer option 1 for dynamic HARQ codebook.
Table 1: Comparison between option 1 and 2.
	
	Option 1
	Option 2

	Additional bits in DL grant
	2-bit grouping indicator
	1-bit grouping indicator
2 more bits in enhanced DAI
1-bit group reset indicator 

	Solution for avoiding the ambiguity
	Alt.2 is appropriate for the dedicated UE-specific DCI.
For Alt.3, the ambiguity about codebook size can be totally avoided without additional singling.
	Alt.2

	others
	Flexible combination of different groups for each HARQ-ACK (re)transmission
	The UCI payload must be incremental for HARQ-ACK re-transmission.



Proposal 3: For the trigger-based dynamic HARQ codebook, option 1 is supported, i.e., one PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups, and the number of HARQ-ACK bits for one PDSCH group is constant.
· DAI should be accumulated only within one PDSCH group
· The number of HARQ-ACK bits per group can be fixed or semi-statically configured.

Non-trigger-based HARQ-ACK transmission
1) HARQ-ACK transmission within a COT
DL transmission and the corresponding HARQ-ACK are transmitted within a shared COT. The value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH indicates a slot within the shared COT. When the HARQ-ACK bits are transmitted within a share COT, no-LBT can be achieved according to gNB’s scheduling or pre-determination other transmissions between DL data transmission and the HARQ-ACK transmission. For no-LBT case, one UCI transmission occasion is enough. Then, the main issue for HARQ-ACK transmission within a COT is how to guarantee the same understanding about the end of DL transmission between gNB and UE. The following methods can be considered:
· Method 1: DCI explicitly indicates the end of DL transmission.
· Method 2: DL grant or trigger signaling indicates the LBT type of UCI transmission.
Observation 1: When HARQ-ACK is transmitted in a shared COT, the same understanding about the end of DL transmission between gNB and UE should be guaranteed.
Proposal 4: One UCI transmission occasion is configured for no-LBT case.
For Rel-15 ACK/NACK transmission, the HARQ timings, indicated by DL grants, corresponding to one PUCCH should be decreased with time. However, if the same mechanism is used for HARQ-ACK transmission within a COT in NR-U, the loss of transmission efficiency and large transmission delay can be expected, because the DL transmission may be interrupted by the pre-allocated PUCCH and additional LBT procedures may be required. One example of the efficiency loss and large delay caused by the interruption of a DL transmission by the pre-allocated PUCCH is shown in Figure 2. In order to avoid such loss, enhancement for indication of HARQ timing should be considered, i.e. indication of HARQ timing in later DL grant can override the previous indication. The main issue of such enhancement is how to determine the later indication is used to override the previous timing or schedule a new separated PUCCH.


Figure 2: The efficiency loss and large delay for new data arriving
Furthermore, both Rel-15 semi-static HARQ codebook and dynamic HARQ codebook can be reused for HARQ-ACK transmission within a COT. However, some enhancements can be considered to reduce the size of codebook, i.e. for semi-static HARQ codebook, the codebook can be further restricted by the size of COT. In fact, this enhanced semi-static HARQ codebook can be seen as a special case of dynamic HARQ codebook, the size of codebook is dynamically determined based on the size of COT. Some redundant HARQ-ACK bits still exist in UCI transmission, but DAI is not required in DL grant.


Figure 3: Enhanced semi-static HARQ codebook restricted by the size of COT
Proposal 5: When DL data and corresponding HARQ-ACK are transmitted in a shared COT, the following enhancements should be considered
· HARQ timing in later DL grant can override the previous indication.
· HARQ codebook can be restricted by the size of COT.

2) Cross-COT HARQ-ACK transmission
The designs for HARQ-ACK transmission out of a COT can be used with multiple UCI transmission occasions, which are mainly used to increase the probability of successful LBT. Multiple transmission occasions can be configured in different frequencies and/or different symbols. Considering large latency of UCI will lead to the loss of system efficiency in time-domain, continuous multiple UCI transmission occasions are preferred. However, gaps for LBT between the transmission occasions can be supported. Similar as Rel-15 PUCCH repetition, the same PUCCH resource can be used in multiple slots. Once LBT is passed before multiple transmission occasions, UCI can be transmitted on the multiple transmission occasions in different symbols to increase the detection performance. However, UCI should be transmitted on one frequency occasion if multiple frequency occasions are available for the same time, as shown in Figure 5.


Figure 5: Multiple UCI transmission occasions
Proposal 6: When multiple UCI transmission occasions are configured, UCI should be transmitted on multiple time-domain transmission occasions with successful LBT.
·  The same PUCCH resource is used on multiple time-domain occasions.
UL scheduling 
In LTE, 4 ms delay between the UL grant and PUSCH transmission is mandatory. To increase the probability of successful transmission, 2-stage UL grant is supported in LAA. After receive the first UL grant, the UE begin to prepare PUSCH. When the second UL grant is received, the prepared PUSCH is transmitted, and the minimum gap between the second UL grant and PUSCH is 1ms. 
In NR, the PUSCH preparation time has been significantly enhanced, as shown in Table 3 and 4. Furthermore, dynamic schedule timing (i.e. K2) is supported. The RRC configured rang of K2 is 0~32. When the RRC configuration of K2 is absent the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, and the value 3 when PUSCH SCS is 120KHz. Therefore, the minimum gap between UL grant and NR PUSCH has been very small, almost same as the second UL grant for LAA, and the scheduling range in time-domain can be very wide, i.e. across multiple COT.  In our opinion, the benefit of 2-stage UL grant for normal uplink data transmission is not clear. 
Furthermore, although 2-stage UL grant is also proposed for the transmission of msg3 in Rel-16 NR-U, considering the specific mechanism of initial access, the detail deigns of 2-satge UL grant for msg3 transmission cannot be directly reused by normal PUSCH transmission. 
Proposal 7: Unless clear benefits are provided, 2-satge UL grant for PUSCH without msg3 should not be supported.
Table 3: PUSCH preparation time for PUSCH timing capability 1
	

	PUSCH preparation time N2 [symbols]

	0
	10

	1
	12

	2
	23

	3
	36



Table 4: PUSCH preparation time for PUSCH timing capability 2
	

	PUSCH preparation time N2 [symbols]

	0
	5

	1
	5.5

	2
	11 for frequency range 1



Conclusions
In this contribution, we show our views on the potential HARQ procedure enhancements with the following observation and proposals:
Observation 1: When HARQ-ACK is transmitted in a shared COT, the same understanding about the end of DL transmission between gNB and UE should be guaranteed.

Proposal 1: For trigger-based HARQ-ACK transmission, semi-static HARQ codebook should be supported.
Proposal 2: The trigger-based semi-static HARQ codebook should be determined based on the number of HARQ processes.
Proposal 3: For the trigger-based dynamic HARQ codebook, option 1 is supported, i.e., one PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups, and the number of HARQ-ACK bits for one PDSCH group is constant.
· DAI should be accumulated only within one PDSCH group
· [bookmark: _GoBack]The number of HARQ-ACK bits per group can be fixed or semi-statically configured.
Proposal 4: One UCI transmission occasion is configured for no-LBT case.
Proposal 5: When DL data and corresponding HARQ-ACK are transmitted in a shared COT, the following enhancements should be considered
· HARQ timing in later DL grant can override the previous indication.
· HARQ codebook can be restricted by the size of COT.
Proposal 6: When multiple UCI transmission occasions are configured, UCI should be transmitted on multiple time-domain transmission occasions with successful LBT.
·  The same PUCCH resource is used on multiple time-domain occasions.
· Proposal 7: Unless clear benefits are provided, 2-satge UL grant for PUSCH without msg3 should not be supported.
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