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1. Introduction
In this contribution, we provide discussions on remaining issues and corrections for Release 16 NR-U HARQ enhancement.

2. Remaining issues on enhanced dynamic HARQ codebook
According to the current specification in Clause 9.1.3.3 of [1], if  and , the UE generates second HARQ-ACK information by setting  for all  and all . However, we found some issues to be addressed when generating HARQ-ACK information for the corresponding case.

Before stating the potential issues, it is necessary to clarify what the conditions stand for in the context of practical scheduling and communication, since the inequations themselves are not intuitive. As shown in Fig. 1, we assume that  for PUCCH TX occasion #2. The condition  means that from DCI format scheduling PDSCH group 1 (e.g., PDSCH #5 or #6), the UE detected a NFI value for PDSCH group 0. The condition  means that the latest detected NFI for PDSCH group 0  has been toggled from the stored NFI for PDSCH group 0 . Here, the stored NFI is the one detected form PDSCH #2 in the figure below. When these two conditions are satisfied, the only possible case is that the gNB has detected HARQ-ACK information for PDSCH #1 and #2 and toggled NFI for PDSCH group 0, and the UE detected  from the DCI format for PDSCH group 1 but mis-detected all the DCI formats scheduling PDSCH group 0, e.g., the DCI formats scheduling PDSCH #3 and #4. Otherwise, if the UE detected either DCI format scheduling PDSCH group 0, then the stored NFI , which makes the second condition invalid. In summary, the abovementioned condition means that the gNB toggles the NFI for group  and transmits PDCCHs scheduling PDSCH group , but the UE fails to detect all the PDCCHs.

Observation 1:  and  is the condition for handling error cases that the gNB transmits PDCCH(s) for the other group but UE fails to detect the PDCCH(s).

[image: ]

Figure 1: An example case where  and 

Using the example case illustrated in Fig. 1, when generating HARQ-ACK information for PDSCH group 0 to be transmitted in PUCCH transmission occasion #2, the proper action at the UE should be generating HARQ-ACK information consisting of 2 NACKs given by the T-DAI value  for PDSCH group 0. Based on current specification, since the HARQ-ACK information generation is not restricted to PDSCH group 0, the UE might determine a non-empty set of PDCCH monitoring occasions (i.e., M = 2, corresponding to the detection of PDSCH #5 and #6). Further, as shown in Figure 2, by setting , the output of the pseudo-code would be a HARQ-ACK information consisting of NACKs. This is because the condition “if ” is always true if  = 0. Thus, for the discussed case, it is necessary to make an additional assumption that the set of PDCCH monitoring occasions is empty (i.e., M = 0) in the Type-2 HARQ-ACK codebook generation pseudo-code.



Figure 2: Abstracted pseudo-code in Type-2 HARQ-ACK codebook

Proposal 1: Adopt the text proposal 2-1.

	Text proposal 2-1
--------- beginning of text proposal for TS 38.213
[bookmark: _Toc29894845][bookmark: _Toc29899144][bookmark: _Toc29899562][bookmark: _Toc29917299]9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
-------- Unchanged contents are omitted
If  and , generate second HARQ-ACK information, as described in Clause 9.1.3.1, by setting  by assuming an empty set of PDCCH monitoring occasions for all  and all  and, after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting .
-------- Unchanged contents are omitted
--------- end of text proposal



3. Remaining issues on Type-3 HARQ-ACK codebook
3.1. PDSCH scheduling indication method in the triggering DCI
In RAN1#99 meeting, we reached following agreement;
	Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback:
· The feedback can be requested in DL DCI 1_1 with the introduction of 1 bit (present if one-shot HARQ-ACK feedback is configured to the UE) for triggering the feedback 
· UE determines the PUCCH for one-shot HARQ-ACK feedback from K1, PRI, TPC
· FFS: Use of NFI for determining PUCCH
· Note: as per Rel-15 behaviour, the feedback can be piggybacked on PUSCH

Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.



From the agreement, the one-shot HARQ-ACK feedback (Type-3 HARQ-ACK codebook) can be triggered by DL DCI 1_1 with or without scheduling PDSCH. Two options can be considered to indicate to UE whether the triggering DCI schedules a PDSCH; one is to add a new field in the DCI, and another is to use a codepoint of the DCI as described in the working assumption. Similar to UL-SCH indicator of UL DCI 0_1, to add a new field in the DCI is a simple method, however it increases the overhead although the indication bit requires 1 bit. Instead, to use a codepoint of unused fields is more reasonable. With the later solution, the remaining issue is that, which codepoint is suitable to indicate whether the DCI schedules a PDSCH. For the resource allocation type 0 using bitmap method, all zero values can be used for the indication as it means no resource is allocated to the UE, and thus no ambiguity occurs to the UE. For the resource allocation type 1 using RIV method, however, all zero values can be used for actual resource allocation (i.e., the starting virtual resource block is 0, and PRB length is 1). On the other hand, the unused RIV may exist. For example, the number of bits for FDRA  in DCI is calculated by 
,
where  is the number of RBs for DL BWP. In above, there is no case that the equation belonging to logarithm results the value that equals to power of 2 except . That is, all possible cases expressed by  bits are always larger than available RIVs. For this reason, all one values can be used for the indication. Having said that, one issue can arise when the active BWP is changed. In current specification, it is defined that when the BWP is changed for a UE, the UE should prepend zeros to FDRA field in DCI 1_1 or use only a part of FDRA field in DCI 1_1 (i.e., truncation) depending on the size of the current active BWP and the indicated BWP to be activated. In this case, the ambiguity occurs which FDRA value (received in DCI or resulted from prepending/truncation) should be applicable to indicate that PDSCH is scheduled by the DCI. It might be a reasonable solution that the UE is expected to receive PDSCH when the UE is triggered to feedback one-shot HARQ-ACK by the DCI which indicates different BWP from the current active BWP for resource allocation type 1. Therefore, we propose that the working assumption should be confirmed, and all zero values and all one values should be used to indicate whether the triggering DCI schedules a PDSCH for PDSCH resource allocation type 0 and type 1, respectively, as given in following Text proposal 3-1.

Proposal 2: The working assumption should be confirmed, and all zero values and all one values should be used to indicate whether the triggering DCI schedules a PDSCH for PDSCH resource allocation type 0 and type 1, respectively, as given in following Text proposal 3-1.

	[bookmark: _Toc29894846][bookmark: _Toc29899145][bookmark: _Toc29899563]Text proposal 3-1
--------- beginning of text proposal for TS 38.213
9.1.4	Type-3 HARQ-ACK codebook determination 
[…]
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1 and a frequency domain resource assignment field with all zeros for resource allocation type 0, or all ones for resource allocation type 1 in the DCI format, the DCI format does not schedule a PDSCH.

[…]

[bookmark: _Ref496621482][bookmark: _Toc12021494][bookmark: _Toc20311606][bookmark: _Toc26719431][bookmark: _Toc29894871][bookmark: _Toc29899170][bookmark: _Toc29899588]12	Bandwidth part operation 
[…]
If a bandwidth part indicator field is configured in DCI format 1_1, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions as described in [5, TS 38.212]. If a bandwidth part indicator field is configured in DCI format 0_1, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions as described in [5, TS 38.212]. If a bandwidth part indicator field is configured in DCI format 0_1 or DCI format 1_1 and indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall
-	for each information field in the received DCI format 0_1 or DCI format 1_1
-	if the size of the information field is smaller than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP or DL BWP prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively
-	if the size of the information field is larger than the one required for the DCI format 0_1 or DCI format 1_1 interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, respectively, the UE uses a number of least significant bits of DCI format 0_1 or DCI format 1_1 equal to the one required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format 0_1 or DCI format 1_1 information fields, respectively
-	set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the DCI format 0_1 or DCI format 1_1, respectively
A UE is not expected to receive the DCI format 1_1 in which the One-shot HARQ-ACK request field is set to 1, and the size of frequency domain resource assignment field is different from the one required for the DCI format 1_1 interpretation for the DL BWP that is indicated by the bandwidth part indicator. 

--------- end of text proposal



3.2. Slot determination for the PUCCH carrying Type-3 HARQ-ACK codebook
Another remaining issue is that, how a UE determines the slot for the PUCCH carrying Type-3 HARQ-ACK codebook if the UE is triggered to report Type-3 HARQ-ACK codebook by DCI 1_1 without DL assignment. For the case that the DCI schedules a PDSCH, the starting point of the K1 value can be applied to the PDSCH reception ending in a slot scheduled by the DCI. However, the UE cannot determine the slot for PUCCH transmission if the DCI does not schedule a PDSCH. We can consider that the slot indicated by time domain resource allocation included in the trigger DCI as shown in Fig.2. 
[image: ]
[bookmark: _GoBack]Fig.3. reference of K1 value

The method in the figure is comparatively flexible, since the reference slot can be simply changed by the TDRA field value in the trigger DCI. Therefore, we propose that the starting point of K1 value should be determined based on the TDRA in the trigger DCI as described in the Text proposal 3-2.

Proposal 3: The starting point of K1 value should be determined based on the TDRA in the trigger DCI as described in the Text proposal 3-2.

	Text proposal 3-2
--------- beginning of text proposal for TS 38.213
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567]9.2.3	UE procedure for reporting HARQ-ACK
[…]
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot [image: ] or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: ] or if the UE detects a DCI format triggering Type-3 HARQ-ACK codebook without scheduling PDSCH and the time domain resource assignment field value in the DCI indicates a PDSCH ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 
--------- end of text proposal




3.3. Oneshot and other HARQ-ACK PUCCHs in a slot
We also made an agreement that both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback in RAN1 #99 meeting. However, it is not reflected to current specification. Therefore, we propose following Text proposal 3-3.

Proposal 4: The agreement that the UE reports only the one-shot feedback when both one-shot and other HARQ-ACK feedback in the same slot, should be reflected in the specification as given in Text proposal 3-3.

	Text proposal 3-3
--------- beginning of text proposal for TS 38.213
[bookmark: _Toc12021467][bookmark: _Toc20311579][bookmark: _Toc26719404][bookmark: _Toc29894837][bookmark: _Toc29899136][bookmark: _Toc29899554]9.1	HARQ-ACK codebook determination
[…]
A UE does not expect to be indicated to transmit HARQ-ACK information for more than one SPS PDSCH reception in a same PUCCH if the UE is provided a single SPS PDSCH configuration in a cell group. 
In the following, the CRC for a DCI format is scrambled with a C-RNTI, an MCS-C-RNTI, or a CS-RNTI.
If there are Type-3 HARQ-ACK codebook feedback and other HARQ-ACK feedback in a slot on a serving cell for a UE, then the UE drops the other HARQ-ACK feedback.

--------- end of text proposal





4. Conclusion
[bookmark: _References]In this contribution, we provide the following observation and proposals:

Observation 1:  and  is the condition for handling error cases that the gNB transmits PDCCH(s) for the other group but UE fails to detect the PDCCH(s).

Proposal 1: Adopt the text proposal 2-1.

Proposal 2: The working assumption should be confirmed, and all zero values and all one values should be used to indicate whether the triggering DCI schedules a PDSCH for PDSCH resource allocation type 0 and type 1, respectively, as given in following Text proposal 3-1.

Proposal 3: The starting point of K1 value should be determined based on the TDRA in the trigger DCI as described in the Text proposal 3-2.

Proposal 4: The agreement that the UE reports only the one-shot feedback when both one-shot and other HARQ-ACK feedback in the same slot, should be reflected in the specification as given in Text proposal 3-3.
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