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1. Introduction
In NR Rel-15/16, when a PUCCH including HARQ-ACK is overlapped with a PUSCH in time, the HARQ-ACK information is piggybacked on the PUSCH. The multiplexed HARQ-ACK payload size is determined based on UL DAI included in the UL grant scheduling the PUSCH.
Then at the RAN1#105-e meeting, one important issue was raised in [1][2], which is that when a PUSCH is not overlapped with a PUCCH including HARQ-ACK while the UL grant scheduling the PUSCH includes UL DAI indicating HARQ-ACK multiplexing, whether HARQ-ACK is generated and multiplexed on the PUSCH or not is unclear. This issue was discussed in the meeting, but there was no consensus and the conclusion was further discussions in future meeting. Thus in this contribution, we share our views on this issue.
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Fig. 1: HARQ-ACK multiplexing issue

2. Discussions
Firstly, let us check descriptions for this situation in the current spec. It seems that the following parts are the related text.
	38.213 (16.6.0)
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...
If a UE 
-	would multiplex UCI in a PUCCH transmission that overlaps with a PUSCH transmission, and 
-	the PUSCH and PUCCH transmissions fulfill the conditions in clause 9.2.5 for UCI multiplexing, 
the UE 
-	multiplexes only HARQ-ACK information, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE multiplexes aperiodic or semi-persistent CSI reports in the PUSCH;
-	multiplexes only HARQ-ACK information and CSI reports, if any, from the UCI in the PUSCH transmission and does not transmit the PUCCH if the UE does not multiplex aperiodic or semi-persistent CSI reports in the PUSCH.
...
9.1.2.2	Type-1 HARQ-ACK codebook in physical uplink shared channel
...
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format that includes a DAI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.2.1 when a value of the DAI field is  except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH. The UE does not generate a HARQ-ACK codebook for multiplexing in the PUSCH transmission when  unless the UE receives only a SPS PDSCH release, or only SPS PDSCH(s), or only a PDSCH that is scheduled by DCI format 1_0 with a counter DAI field value of 1 on the PCell in the  occasions for candidate PDSCH receptions in which case the UE generates HARQ-ACK information only for the SPS PDSCH release or only for the PDSCH reception as described in clause 9.1.2.  if the PUSCH is scheduled by a DCI format that includes a DAI field and the DAI field is set to '0'; otherwise, .
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If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format that includes a DAI field, the UE generates the HARQ-ACK codebook as described in clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in clause 9.1.3.1, after the completion of the  and  loops, the UE sets  where  is the value of the DAI field according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, the DCI format includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field with value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release or indicating SCell dormancy on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format that includes a DAI field with first value  or with second value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format scheduling PDSCH receptions or SPS PDSCH release, or DCI format 1_1 indicating SCell dormancy, on any serving cell  and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.


· In clause 9, it is mentioned that HARQ-ACK in a PUCCH is multiplexed on a PUSCH if the PUSCH is overlapped with the PUCCH. However, the text does not refer to the case that a PUSCH is not overlapped with a PUCCH. Clause 9 does not solve the discussed issue.
· In clause 9.1.2.2, it is explained that if a UE multiplexes HARQ-ACK in a PUSCH, the HARQ-ACK CB is generated when the DAI field is 1. The current issue is that the condition for the multiplexing is unclear, which means that the text using a condition of ‘if a UE...’ does not solve the issue.
· Text in clause 9.1.3.2 is similar to that in 9.1.2.2. The issue is not solved.
Based on these analysis, we believe that the current specification does not define UE behavior for the situation. For Rel-15, no rule is the most valid outcome. For Rel-16, further discussions would be necessary.
Observation 1: 
· Current specifications do not define UE behavior in the situation illustrated in Fig.1.
Proposal 1: 
· In Rel-15, UE behavior in the situation illustrated in Fig.1 is not defined.

Then let us have discussions on what is the best UE behavior for this issue. The following two directions are possible and the Pros/Cons can be presented in our view.
· Option 1: UE does not multiplex HARQ-ACK on the PUSCH.
· That is, UE decides HARQ-ACK multiplexing based on presence of overlapped PUCCH.
· Pros: UE behavior is easier
· Cons: gNB blind detection might be necessary in case DL assignment is transmitted but missed
· Option 2: UE multiplexes HARQ-ACK on the PUSCH.
· This means that UE determines HARQ-ACK multiplexed based on UL DAI.
· Pros: Same understanding of HARQ-ACK multiplexing on PUSCH
· Cons: More complicated UE behavior when multiple UL DAI indicates multiplexing
Option 1 is better for UE side, but Option 2 is better for gNB side. Careful study is required.
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Fig. 2: Example of issues in Option 2

Here our understanding is that the blind detection issue of Option 1 happens only in a corner case at least when Type 2 HARQ-ACK CB is used. Meanwhile, this is not the case when Type 1 CB is used.
· The reason is that 1 or 2 bits HARQ-ACK is multiplexed on a PUSCH in a puncture manner. For example, Fig. 1 can be used for this discussion. gNB transmitted a DL assignment indicating PUCCH transmission at slot m but the UE missed it. In addition, a UL grant to transmit a PUSCH at slot m is provided to the UE. The PUSCH is overlapped with the PUCCH. In this case, the HARQ-ACK payload size is only one bit typically. The gNB assumes that the HARQ-ACK is punctured on the PUSCH. Mapping of UL-SCH and/or CSI assumed by the gNB is the same as actual mapping by the UE, except for HARQ-ACK puncturing. Therefore, gNB can detect UL-SCH/CSI without blind detection.
· In that sense, the important point will be whether rate-matching, i.e. multiplexing more than 2 bits HARQ-ACK in the discussed issue is a typical situation or not. For more than 2 bits HARQ-ACK, at least three DL assignments indicating the same slot for the corresponding PUCCH transmission need to be transmitted to a UE when 1-4 layers are used and Type 2 HARQ-ACK CB is configured. Then in the currently discussed issue, all DL assignments are missed. On the other hand, UL grant is received successfully. Such a situation is typical? We believe that it can be said a corner case. For 5-8 layers MIMO, two DL assignments correspond to more than 2 bits HARQ-ACK, so it might be more occurable than 1-4 layers MIMO. However, we think 5-8 layers MIMO is not a valid configuration if many PDDCH misdetections are assumed.
· Regarding Type 1 HARQ-ACK CB case, more than 2 bits HARQ-ACK will be the typical situation since a DL assignment will correspond to more than 2 bits HARQ-ACK. Rate-matching manner is used for the HARQ-ACK multiplexing on PUSCH, so just taking Option 1 is not good way.
Observation 2: 
· When HARQ-ACK payload size multiplexed on a PUSCH is 1 or 2 bits, the multiplexing is performed in a puncture manner. In this case, gNB can detect UL-SCH and/or CSI without blind detection in the situation illustrated in Fig.1.
· For Type 2 HARQ-ACK CB, multiplexing more than 2 bits HARQ-ACK on a PUSCH in the situation illustrated in Fig.1 would be a corner case.
· For Type 1 HARQ-ACK CB, multiplexing more than 2 bits HARQ-ACK on a PUSCH in the situation illustrated in Fig.1 would be a typical case.

From our perspective, the following proposal is submitted. For Type 1 CB, further discussion would be necessary. It is noted that Option 2 with good handling mechanism for Fig. 2 issue is acceptable for UE/chip vendors, we are also supportive of the direction.
Proposal 2: 
· In Rel-16,
· For Type 2 HARQ-ACK CB, UE does not multiplex HARQ-ACK on a PUSCH if the UE does not have a PUCCH transmission that is including HARQ-ACK and is overlapped with the PUSCH even when UL DAI corresponding to the PUSCH indicates HARQ-ACK multiplexing.
· For Type 1 HARQ-ACK CB, FFS.

[bookmark: _GoBack]At the last meeting, separate discussion between CA case and non-CA case was proposed. However, we believe that they should be discussed together. Even when non-CA case, a PUCCH can be overlapped with two or more TDMed PUSCHs within a slot in the cell and thereby Fig. 2 situation might occur.
Observation 3: 
· It seems that separate discussion between CA case and non-CA case is not valid.

3. Conclusion
In this contribution, we discussed xxx. Proposals are summarized as following: 
Observation 1: 
· Current specifications do not define UE behavior in the situation illustrated in Fig.1.
Proposal 1: 
· In Rel-15, UE behavior in the situation illustrated in Fig.1 is not defined.
Observation 2: 
· When HARQ-ACK payload size multiplexed on a PUSCH is 1 or 2 bits, the multiplexing is performed in a puncture manner. In this case, gNB can detect UL-SCH and/or CSI without blind detection in the situation illustrated in Fig.1.
· For Type 2 HARQ-ACK CB, multiplexing more than 2 bits HARQ-ACK on a PUSCH in the situation illustrated in Fig.1 would be a corner case.
· For Type 1 HARQ-ACK CB, multiplexing more than 2 bits HARQ-ACK on a PUSCH in the situation illustrated in Fig.1 would be a typical case.
Proposal 2: 
· In Rel-16,
· For Type 2 HARQ-ACK CB, UE does not multiplex HARQ-ACK on a PUSCH if the UE does not have a PUCCH transmission that is including HARQ-ACK and is overlapped with the PUSCH even when UL DAI corresponding to the PUSCH indicates HARQ-ACK multiplexing.
· For Type 1 HARQ-ACK CB, FFS.
Observation 3: 
· It seems that separate discussion between CA case and non-CA case is not valid.
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