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This document provides the summary for the following email discussion in RAN1#107-e: 
[107-e-NR-7.1CRs-6] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH without PUCCH with contributions [1], [2], [3], [4], ,[5] (see the Appendix in Section 5 for a list of the proposals).
In RAN1 #106-e, there was a discussion on the topic with a summary of the status of the discussion for Rel-15 UE behaivor as follows [6], [8]:
	Conclusion
· For Rel-15, in the case of multiple overlapping PUSCHs with no overlapping PUCCH and if any  UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.q. 1 (for Type 1 codebook) the UE behavior is left to UE implementation.

Agreement
· For Rel-15 with more than one non-overlapping PUSCH and no overlapping PUCCH within a span on one slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE behavior is up to the UE implementation

· For Rel-15 with one PUSCH and no overlapping PUCCH within a span of one slot and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus for any conclusion on one aligned UE behavior.




For Rel-16 UE behavior, the following options are under discussion:
· Alt #1: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 

· Alt #3-2: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.

· Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
· Alt #3-3: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook
· PUSCH selection method:The DAI field value of multiple PUSCH should be the same. 
and company positions as follows:
Recommendation 5: Down-select Alt 3-1 as there is only one company supporting this with many companies against.
· Alt 1: Samsung, MTK, Vivo, CATT, Apple, Intel, Spreadtrum, NTT DOCOMO (1st  Choice), , Lenovo (2nd choice)  (9 companies, 8 1st choice companies) 
· Against: Huawei, Qualcomm, Ericsson, ZTE
· Alt 3-2: Qualcomm, Ericsson (2nd choice), ZTE, Lenovo, Nokia/NSB (5 companies)
· Against: NTT DOCOMO, CATT, Samsung, MTK, Apple
· Alt 3-3: Ericsson (1st choice), Huawei, NTT DOCOMO, CATT (2nd choice), ZTE, Nokia/NSB (6 companies)
· Against: Qualcomm, Samsung, MTK, Apple
· NOTE: Alt 3: ZTE, Qualcomm, Nokia/NSB, Huawei, Ericsson, Lenovo (1st choice), NTT DOCOMO (2nd choice), CATT (2nd choice)   (8 companies, 7 1st choice companies)


At the end of the meeting, the chairman’s concluded that we should continue the discussion for Rel-16 in RAN1#107-e. A detailed background on the issue can be found in the Appendix in Section 4.
2 1st Round
2.1 Rel-16 UEs with Multiple Overlapping PUSCHs
In the case of multiple overlapping PUSCHs with overlapping PUCCH, the understanding is that the UE uses PUSCH prioritization rules to select a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1. This means that the UE would multiplex on at most one PUSCH. However, if the UE misses the DL DCI, then the UE behavior needs to be clarified. To assist in the discussion, the following example could be used. In the example, the UE misses the DL DCI and its associated PUCCH. On CC1, the UL TDAI can be set to X where X = 4 or X = {1, 2 or 3} while on CC2, UL DCI2 is set to 1.
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Figure 1: HARQ-ACK Transmission with overlapping PUSCH and no PUCCH

Based on the contributions in this meeting and the positions from the last meeting, we can identify the following alternatives for discussion. 
Please indicate (1) preferred alternative and corresponding pros (2) objections to any alternatives and corresponding cons from the following alternatives:
· Alt #1: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 
· Apple [3]
· Alt #3-2: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.

· Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
· ZTE [1], Nokia[2], Huawei[3]
· Alt #3-3: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook
· PUSCH selection method: The DAI field value of multiple PUSCH should be the same. 
· Alt #4: For the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH, the conclusion made for Rel-15 is applied to Rel-16.
· Qualcomm [5]
	Company
	Comments

	Samsung
	We prefer Alt#1 with following reasons
 - For Alt#3-2, it needs to specify new processing timeline in order to ignore tDAI in other PUSCHs in the group. For example, DCI 1 schedules PUSCH 1 and DCI 2 schedules PUSCH 2. If both DCI 1 and DCI 2 includes tDAI values, and DCI 2 is last DCI, UE needs a processing time to judge whether or not PUSCH 1 piggybacks UCI based on tDAI information. Thus, time gap between DCI 2 and PUSCH 1 should be equal to or larger than the processing time. Since this is Rel-16 CR discussion, defining new processing timeline should be avoided since this is not applicable to existing UE.  – For Alt#4, although there is no impact in terms of UE implementation, it makes gNB operation very complexity since gNB doesn’t know how UE will behave in this case. 
In short, we think that Alt#1 seems middle ground between Alt#3-2 proponents and Alt#4 proponents. 

	NTT DOCOMO
	Our preference is Alt 3-3.
Alt 3-3 reuses PUSCH determination rule for normal HARQ-ACK multiplexing, and gNB can receive the PUSCH with HARQ-ACK without blind decoding.
We can accept Alt 1 and Alt 4.
Alt 1 is not the best mechanism, but at least in type-2 HARQ-ACK CB case, there is no issue since up to 2 bits are assumed typically for this discussion and puncture mechanism is used, which means that blind detection is unnecessary. Alt 4 is not preferable actually, but if we cannot converge then the possible outcome would be only Alt 4 unfortunately.
We have concern on Alt 3-2.
The outcome may be different from when the UE detects DL assignment successfully. We do not understand why this alternative is better than Alt 1. No advantage compared to Alt 1, but additional rule for PUSCH determination is necessary.

	QC
	Alt #1 is conflicting with the purpose to introduce DAI in NR specification. 
Alt # 3-3 does not work when the multiple PUSCHs fall into two non-overlapping groups. Since there is no PUCCH, UE does not know it should kick off Rel-15 procedure on group 1 only, or on group 2 only, or on group 1+2 jointly, to pick a target PUSCH where HARQ-ACK is multiplexed on. 
Alt # 3-2, although it was from us in last meeting, we admit it has missing last DCI issue. 
Therefore, we don’t see a good solution so far for this problem. Our suggestion is to go with Alt 4. 

	ZTE
	Our first preference is Alt #3-3 since it follows the intention of the T-DAI in the UL grant and the PUSCH prioritization for UCI multiplexing. The UE behavior is what the network expects. So it can avoid the blind detection at the network side.
Our second preference is Alt #3-2 with the same reason above. In our understanding, it may introduce the scheduling restriction to follow the PUSCH prioritization rule. 
For Option 1, it violates the intention of the T-DAI in the UL grant and the network instruction. Therefore, it is preferred.

	MTK
	Our preference is Alt #1. Similar view as Samsung.

	Lenovo, Motorola Mobility
	Firstly, we don’t support Alt 1 as it is against the principle of UL DAI design.
Secondly, we think a predefined rule is needed for the UE to select one PUSCH.   Following the latest UL DAI seems simple and gives gNB scheduling flexibility. Although there may be last DCI missing problem, it is a non-typical case where standards since Rel-8 can’t solve it. So our preference is Alt 3-2 and we can live with Alt 3-3. 

	Nokia, NSB
	Fully agree with Lenovo, prefer Alt 3-2, and can also accept 3-3.

	Intel
	We prefer Alt. 1. In our view, this is aligned with the current spec. 
If there is no consensus, we can be fine to go with Alt. 4. Our understanding is that this is similar to Alt. 1, and gNB needs to perform blind decoding for both cases.     

	Ericsson
	We do not support Alt 1 as it is contradicting with the purpose of having UL DAI.
We do not support Atl 4. The conclusion for Rel-15 was acceptable to us due to already existing implementations that could be late to change. However, we do not support to carry the same issue for next release.
We prefer Alt 3-2. It is reasonable and simpler. The mis-detection of last DCI is not visible to UE. This is an issue for the network.
We would be fine with Alt 3-3 as second priority.

	LG
	We also prefer Alt 3-3 to avoid/minimize ambiguity between UE and gNB on the rate-matching of UL-SCH and/or CSI on PUSCH, especially in case of DAI = 3 for Type-2 CB and DAI = 1 for Type-1 CB.
In this context, we are not supportive to introduce new PUSCH selection rule (Alt 3-2) or to be against UL DAI design principle (Alt 1) or to leave it as UE implementation as for Rel-15 (Alt 4).

	Apple
	We support Alt 1
Both Alt 3-2 and Alt 3-3 have a timeline issue that may result in difficulty for the UE implementation. If default PUCCH is over all 14 symbols, then by default the UE will multiplex on PUSCH on smallest serving cell index “the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled”. Unlike existing specification, there will be no timeline guarantees e.g. if we miss the DL PDCCH but the PUCCH is overlapping with a later PUSCH, only the later PUSCH timeline is guaranteed. The others are not. A new timeline will have to be agreed to.
Also for Alt3-3, an agreement will have to be made to ensure that the UL TDAI for all PUSCHs is the same. 

	Huawei, HiSilicon
	We don’t support Alt.1 since this defeat the purpose of UL DAI.
We support Alt 3-3 given that most the existing rules can be reused. 
We have some concerns on UE complexity with Alt.3-2 given that a new rule has to be introduced.



2.2 Rel-16 UEs with a single PUSCH
From the discussion in RAN1 #106-e, RAN1 has common understanding between companies that our goal is the same  solution for single and multiple PUSCH scenarios but no agreement that the solutions have to be the same. Based on the contributions in this meeting and the positions from the last meeting, we can identify the following alternatives for discussion. 
Please indicate (1) preferred alternative and corresponding pros (2) objections to any alternatives and corresponding cons from the following alternatives:
· Alt #1: in the case of a single PUSCH with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 
· Alt #3-3: in the case of a single PUSCH with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE should perform HARQ-ACK multiplexing in the PUSCH with the assumption that PUCCH resource for HARQ-ACK information overlaps with the PUSCH in the time domain. 
· ZTE[1], Nokia [2], [3]
· Alt #4: For the issue of HARQ-ACK multiplexing on a single of PUSCHs without HARQ-ACK PUCCH, the conclusion made for Rel-15 is applied to Rel-16.

	Company
	Comments

	Samsung
	Regardless of single PUSCH and multiple overlapping PUSCHs, we prefer to have unified design. 

	NTT DOCOMO
	Unified design would be better.

	QC
	Although a unified solution (Alt #4) is our preference, we can accept sperate solution is that is the only WF. 

	ZTE
	A unified solution is preferred. We prefer Alt #3-3 as discussed above. If it is too controversial for multiple PUSCHs case, separate solution is also acceptable.

	MTK
	It is raised in previous meeting that in some cases it is hard to distinguish single versus multiple PUSCH. Therefore, we prefer Alt #1, which is the same as our opinion for multiple PUSCH.

	Lenovo, Motorola Mobility
	We prefer unified solution.

	Nokia, NSB
	We obviously prefer Alt 3-3, which is the original intention. If the solution to multiple PUSCH case aligns, then we have unified solution.

	Intel
	We prefer a unified solution for single and multiple PUSCH cases. 

	Ericsson
	We only support Alt 3-3. 
Other two alternatives defeat the purpose of UL DAI. 
The solution is also aligned with multi PUSCH solution in previous section 

	LG
	We prefer Alt 3-3 also for this case, as a unified solution both for multiple PUSCH case and single PUSCH case.

	Apple
	We would prefer a unified solution. However, we can accept a different solution for both cases.

	Huawei, HiSilicon
	We support Alt.3-3.



2.3 Specification Clarification

In RAN1 #106-e, a controversial point in the specificaiton was identified based on the following specification text:
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release, a DCI format 1_1 indicating Scell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1, and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission.
Please indicate your interpretation:
· Interpretation 1: multiple PUSCHs overlapping with the PUCCH shall have the same UL DAI
· Interpretation 2: multiple PUSCHs overlapping with the PUCCH may have different UL DAI
· Interpretation 3: any other interpretation

	Company
	Comments

	Samsung
	Interpretation 2. 
Since it is likely that gNB can choose which PUSCH includes HARQ-ACK with a certain DAI value previously. For example, there are two cells. PUSCH 1 and HARQ-ACK PUCCH in Pcell, and PUSCH 2 is Scell. When HARQ-ACK PUCCH are overlapped in time with PUSCH 1 and PUSCH 2, and it is assumed that HARQ-ACK would be multiplexed in PUSCH 1 in current rule, PUSCH 2 can be scheduled later than PUSCH 1 and it may have different tDAI since gNB know which PUSCH would include HARQ-ACK information in gNB side. 

	NTT DOCOMO
	We are confused with the above question and the spec text... What is the relationship between them? The spec text mentions a restriction of scheduling order, but does not say single PUSCH vs multiple PUSCHs or same DAI vs different DAI.
Regarding only the question, interpretation 2. Our understanding is the same as Samsung.

	QC
	Interpretation 2. Different DAI is allowed for gNB scheduling flexibility. Same DAI is quite restrictive.  

	ZTE
	In previous meeting, PUSCH prioritization was discussed for the UE to select a PUSCH for UCI multiplexing from multiple PUSCHs overlapping with a PUCCH. Finally, the UE selects the PUSCH according to the serving cell index and PUSCH starting time. In our understanding, the prerequisite is that the T-DAI in the UL grants are the same because if the T-DAI in the UL grants are different, the UE just selects the PUSCH according to the T-DAI set by the network and PUSCH prioritization rule is not needed. For the PUSCH not overlapping with any PUCCH for HARQ-ACK, the T-DAI is set to 4. 
Therefore, we prefer interpretation 1. 
If T-DAI in the UL grant for PUSCH 2 is set to another value, how to understand this from the UE perspective?

	MTK
	Similar view as ZTE. If using interpretation 2 (different UL DAI), then UE just selects the PUSCH according to the T-DAI set by the network and PUSCH prioritization rule is not needed. Therefore, we prefer interpretation 1.

	Lenovo, Motorola Mobility
	Interpretation 2. 
It is not necessary for gNB to indicate same UL DAI in that case.  

	Nokia, NSB
	Interpretation 2.

	Intel
	It is not clear whether the question is related to the topic. The text is for the restriction on UL/DL scheduling for HARQ information multiplexed on PUSCH.
Our view is Interpretation 2. gNB can indicate different DAI. 

	Ericsson
	Interpretation 2
It is also not clear to us the relation between the description and the question. This text is about scheduling restriction of PDSCH after UL grant if the corresponding HARQ-ACK would be multiplexed on the PUSCH. 

	LG
	Interpretation 2.
There is no such restriction or UE assumption as Interpretation 1 in the spec.

	Apple
	Interpretation 2.

	Huawei, HiSilicon 
	Interpretation 1. 
With Interpretation 2, the UE can only start to construct the HARQ-ACK codebook until the tightest processing timeline requirement since it does not know whether there is a latter UL DCI scheduling a PUSCH. 





3 Summary of 1st Round

Q1: The positions of the companies are as follows:
· Alt 1: Samsung, MTK,  , Intel,  Apple, NTT DOCOMO (accept) – (5->34/1)
· Against: Qualcomm, ZTE, Lenovo/Motorola Mobility, Nokia, Ericsson, Huawei - (6)
· Alt 3-2: Lenovo/Motorola Mobility, Ericsson, Nokia, ZTE (2nd) – (4->3/1)
· Against: Samsung, NTT DOCOMO, Qualcomm, MTK, LG, Apple, Huawei - (7)
· Alt 3-3: NTT DOCOMO, ZTE, , LG, Huawei, Lenovo/Motorola Mobility (accept), Nokia (accept), Ericsson (accept) – (7->4/3)
· Against: Qualcomm, Samsung, MTK, Apple -  (4)
· Alt-4: Qualcomm, Intel (accept), NTT DOCOMO (accept) - (3->1/2)
· Against: Samsung, , Ericsson, LG – (3)
Conclusion: There is no consensus on any of the solutions
Q2: The positions of the companies are as follows:
· Unified design:  SS, NTT Docomo, ZTE, MTK, Lenovo,  Intel, Ericsson, LG, QC, ZTE, Apple, Huawei (12) 
· Unified preferred, separate possible: QC, ZTE, Apple (0/3)
Conclusion: There is a strong preference for a unified design
Q3: Interpretation of UL TDAI 
· Interpretation 1: ZTE, MTK, Huawei (3)
· Interpretation 2: SS, NTT Docomo, QC, Lenovo/ Motorola Mobility, Nokia/NSB, Intel, Ericsson, LG, Apple  (9)
Conclusion: Majority agrees on interpretation 2. This means that there may need to be an agreement/conclusion for Alt 3-3 to work i.e. PUSCH selection method: The DAI field value of multiple PUSCH should be the same. 

4 2nd Round

Way Forward:
Given the status of Q1, companies supporting/opposing each of the alternatives (Alt-1, Alt 3-2 and Alt 3-3) need to discuss solutions to the issues raised by opponents of the proposals otherwise we would by default have to agree on the fact that there  is no consensus on a solution to the problem. Please reply to the following proposals 
· NOTE 1: if a company thinks that the issue raised for an alternative has no solution, please also indicate this.
· NOTE 2: if I have missed a major issue, please indicate in your comment

Proposal 1: The issues raised for each of the alternative (Alt-1, Alt 3-2, Alt 3-3) can be addressed as follows:
Proposal 1-1: Alt-1 has the following issues:
· Contradicts with the purpose to introduce UL T-DAI in NR specification
This can be solved as discussed below:
	Company
	Comments

	MTK
	Alt. 1 is the one fitting the current spec description best. Considering that R16 products are already coming to market, it may be cumbersome to define new UE behavior. If we want to honor the introduction of UL T-DAI in NR specification, it can be an R17 improvement (or CR).

	Samsung
	As most companies acknowledge, there is no alternative to solve the issue based on current specification. Although this proposal might be against the principle of DAI, we should consider this is not under regular Rel-17 discussion, but under Rel-16 CR that it has been almost 2 years after finalization. Thus, we have to minimize implementation impact and specification impact should be minimize as much as possible. It is noted that gNB cannot use DAI information in case of configured grant PUSCH in current specification. In this sense, we don’t think that it increases gNB complexity. 

	Ericsson
	We disagree with MTK/Samsung arguments. This topic was discussed for Rel-15 as well where for rel-15, the arguments of products already in the market is reasonable. We all know that the situation is different for Rel-16. 
Specially for single PUSCH, if HARQ-ACK is not multiplexed, our view is that UE vendors had faulty implementation for Rel-15. There should be willingness to solve the problem otherwise, the UL-DAI would be meaningless.
Please note that there are scheduling restrictions because of Ul-DAI (see TEI Proposal 6) that has put considerable restrictions on scheduler. If now we dismiss the purpose of UL DAI, then we should be consistent with our arguments.





Proposal 1-2: Alt 3-2 has the following issues:
· Timeline between last DCI scheduling a  PUSCH and first PUSCH 
· The latest DCI may not be the one with the highest priority which leads to misunderstanding between gNB and UE.
This can be solved as discussed below:
	Company
	Comments

	MTK
	UE complexity of Alt.3-2 may be the highest (> Alt.3-3) given that a new rule has to be introduced, as mentioned by Huawei/DOCOMO above. This is our least favored choice.

	ZTE
	All the issues can be resolved by the network implementation at the cost of scheduling restriction.

	Ericsson
	In addition to ZTE, the whole scenario is for DCI mis-detection. Then argument of misunderstanding between gNB and UE is strange. 
Simply, the NW expects the UE to multiplex HARQ-ACK. The gNB implementation can take care of any misunderstanding. That is the NW problem, but UEs are expected to send the HARQ-ACK feedback.



Proposal 1-3: Alt 3-3 has the following issues:
· Timeline between DCI of any PUSCH with UL-TDAI = x and first PUSCH
· The need for interpretation 1 (as in Q3) to ensure that all the UL-TDAIs are equal.
· does not work when the multiple PUSCHs fall into two non-overlapping groups
This can be solved as discussed below:
	Company
	Comments

	QC
	 The issue we mentioned in previous round was not captured in the above list. We further illustrate what we meant by below example. 
Assuming the following 6 PUSCHs are scheduled in a slot on 3 CCs. Group 1A do not overlap with group 1B. So, if the missing PUCCH only overlap with group 1A, the Rel-15 PUSCH selection procedure is performed in group 1A. If the missing PUCCH only overlap with group 1B, the Rel-15 PUSCH selection procedure is performed in group 1B. If the missing PUCCH is a long PUCCH and it actually overlaps with both group 1A and 1B, UE would treat all 3 channels in a single group (i.e., group 1) and Rel-15 PUSCH selection procedure is performed over all 6 channels in group 1. Since UE does not know where is the missed PUCCH, which group (group 1A, 1B, or 1) UE should run the Rel-15 PUSCH selection procedure?
With the above, Alt 3-3 does not work in many scenarios. 




	MTK
	For Alt 3-3, it can be an R17 improvement (or CR) to honor the introduction of UL T-DAI in NR specification. At the same time, several points of Alt 3-3 should be clarified:
· only PUSCH that overlap with PUCCH is considered (network only sets UL DAI for those PUSCH that did overlap with the missing PUCCH)
· network provides the same UL DAI for the overlapped PUSCH (interpretation 1 in Q3)
· by “same PUSCH prioritization rules”, it should be clarified that the rules are the same as given in Rel-15 38.213 Chapter 9 in the starting section

	ZTE
	The timeline issue should be resolved by the network scheduling. The T-DAI is also set by the network.
For the issue raised by QC, the UE should select the PUSCH from a set of PUSCHs scheduled by UL grant with DAI set to 1 assuming there is only 1 bit HARQ-ACK. There are three cases. The DAI is set to 1 for the PUSCHs in group 1A, or group 1B, or group 1.

	Moderator
	Added missed issue “does not work when the multiple PUSCHs fall into two non-overlapping groups”  raised by Qualcomm

	Ericsson
	
As we raised before, even for Rel-15 discussion, for single PUSCH, the UE should multiplex HARQ-ACK. Therefore, this case should be settled for Rel16. 
The approach to take the multi-PUSCH case and due to lack of consensus, also dismiss single PUSCH is not acceptable for us.
Companies like us that believe unified solution can be applied,  do not expect that due to need for consensus for a complicated case (i.e. multi-pusch), to carry on the same conclusion for single PUSCH. 
As we said before, the spec in Rel-15 is clear for single PUSCH and we expect UE vendors fix their implementations for Rel-16 according to spec, i.e. multiplex HARQ-ACK with PUSCH.




5 Summary of 2nd Round
Based on the input from the 2nd round, the following solutions can be added to each alternative:
Alt-1: Key objection raised was the solution for the single PUSCH scenario. Key solution seems to be to accept as is or to split the solution for single and multiple overlapping PUSCHs. Can we accept the following ?
· No multiplexing for multiple overlapping PUSCH 
· Multiplex for single PUSCH (with no CA i.e. case 4 in previous discussion)

Alt 3-2: Key objection raised were the timeline and UE complexity and the key solution seems to be to introduce new rules (timeline rules) and to ensure that the network implementation resolves the problems. Based on this, can we accept the following ?
· All the issues are resolved by the network implementation at the cost of a scheduling restriction
· To guarantee UE behavior, new rules are created
· For the CA case with overlapping PUSCH, we need to define a timeline (e.g. Tproc2 before 1st PUSCH for both UL and DL DCI). The UE will not expect an UL-DCI scheduling a candidate PUSCH that is after a timing threshold (e.g. Tproc2)  before the first PUSCH
· A rule may need to be set on the priority issue e.g. everything should happen within a single priority.

Alt 3-3: Key issue raised was the “interpretation 1”, grouping and timeline. Multiple solutions were proposed to solve this. Based on this can we accept the following ?
· only PUSCH that overlaps with PUCCH are considered (network only sets UL DAI for those PUSCH that overlap with the missing PUCCH)
· the UE should select the PUSCH from a set of PUSCHs scheduled by UL grant with DAI set to 1 assuming there is only 1 bit HARQ-ACK. There are three cases. The DAI is set to 1 for the PUSCHs in group 1A, or group 1B, or group 1.
· network provides the same UL DAI for the any of the overlapping PUSCHs that overlap with the missing PUCCH ( agree on interpretation 1 in Q3)
· by “same PUSCH prioritization rules”, it should be clarified that the rules are the same as given in Rel-15 38.213 Chapter 9 in the starting section
· To guarantee UE behavior, new rules are created
· In the case where some of the overlapping PUSCHs overlap with PUCCH, for the CA case with overlapping PUSCH, we need to define a timeline (e.g. Tproc2 before 1st PUSCH for both UL and DL DCI). The UE will not expect an UL-DCI scheduling a candidate PUSCH (i.e. a possible PUSCH that will be selected using the prioritization rules) that is after a timing threshold (e.g. Tproc2)  before the first PUSCH
6 Third Round
I have modified the proposals to include the solutions raised in the last round. I have also added Alt 4-A (no consensus for overlapping only but multiplex for single PUSCH) to reflect Ericsson’s preference on the single PUSCH case and Alt 5 to reflect the current situation (no consensus for all scenarios). Please indicate which of the modified options you can accept based on the modifications.
· Alt #1-A: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 
· In the case of a single PUSCH with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes the TDAI into the PUSCH

· Alt #3-2-A: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.

· Follow the tDAI in the lastly received UL grant for the group to multiplex HARQ-ACK on the PUSCH scheduled by the lastly received UL grant, and ignore the tDAIs in other UL grants scheduling other PUSCHs in the group.
· To guarantee UE behavior, new rules are created
· For the CA case with overlapping PUSCH, we need to define a timeline (e.g. Tproc2 before 1st PUSCH for both UL and DL DCI). The UE will not expect an UL-DCI scheduling a candidate PUSCH that is after a timing threshold (e.g. Tproc2)  before the first PUSCH
· A rule may need to be set on the priority issue e.g. everything should happen within a single priority.
· NOTE: All the issues are resolved by the network implementation at the cost of a scheduling restriction

· Alt #3-3-A: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE selects a PUSCH and multiplexes HARQ-ACK information in the PUSCH according to the indicated value of DAI field in DCI format 0_1.
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook
· PUSCH selection method: The DAI field value of multiple PUSCH should be the same. 
· only PUSCH that overlaps with PUCCH are considered (network only sets UL DAI for those PUSCH that overlap with the missing PUCCH)
· the UE should select the PUSCH from a set of PUSCHs scheduled by UL grant with DAI set to 1 assuming there is only 1 bit HARQ-ACK. There are three cases. The DAI is set to 1 for the PUSCHs in group 1A, or group 1B, or group 1.
· network provides the same UL DAI for the any of the overlapping PUSCHs that overlap with the missing PUCCH ( agree on interpretation 1 in Q3)
· by “same PUSCH prioritization rules”, it should be clarified that the rules are the same as given in Rel-15 38.213 Chapter 9 in the starting section
· To guarantee UE behavior, new rules are created
· In the case where some of the overlapping PUSCHs overlap with PUCCH, for the CA case with overlapping PUSCH, we need to define a timeline (e.g. Tproc2 before 1st PUSCH for both UL and DL DCI). The UE will not expect an UL-DCI scheduling a candidate PUSCH (i.e. a possible PUSCH that will be selected using the prioritization rules) that is after a timing threshold (e.g. Tproc2)  before the first PUSCH

Alt 4-A
· In the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior
· In the case of a single PUSCH with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes the TDAI into the PUSCH

Alt 4
· In the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior
· In the case of a single PUSCH with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

	Company
	Comments

	QC
	Alt #1-A: object
Alt #3-2-A: object
Alt #3-3-A : object
Alt 4-A : accept
Alt-5: accept
Comments: There is a typo? Alt 4 in the proposal should be Alt 5. 
For Alt 4-A, although we think in many cases, it is hard to distinguish single vs multiple PUSCH(s). But for RAN1 progress, we are OK to accept Alt 4-A, with suggested editorial change as below:
In the case of a single PUSCH in a slot with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH

	Nokia, NSB
	For single PUSCH case in non-uplink CA scenario, we are OK with the Qualcomm Alt-5 as a bare minimum that a standard organization should achieve – acknowledge that the design we have function as it was intended to function. This is clearly what the Rel-15 spec was intended to do. 
For single PUSCH case in uplink CA scenario, we should do the same as for non-CA, don’t quite see any reason why this should not be possible. This is a trivial extension of the non-UL-CA case. Please note that not all the UL CA UCI muxing cases with no missed DL DCIs are defined anyway as per today, and there should be no need to use that against fixing a clear omission.
For multiple PUSCH case, a solution that uses definitions followed in other scenarios have been put forth. These are blocked because there are other exotic scenarios that these solutions would not perfectly resolve. As with single PUSCH in UL CA, there is a simple extension that works with the regular cases, and there are more complicated cases where UCI muxing is not possible in the first place. This should not prevent us from fixing a hole in the spec wrt. the UL-TDAI
Is RAN1 unable to fix UCI muxing for UL CA even for the typical use cases? Notably we have problems with UCI in UL CA with different SCS and different PUSCH durations already today, the spec doesn’t cover all the multiplexing cases, but no one is claiming that UL CA does not support UCI because there are corner cases that are undefined. Actually, the Rel-15 optimization was closed at one point for the more esoteric UCI multiplexing cases with the note that these can be revisited in a later release. Now we are not even trying to go there, what we need to achieve is to get the very basic UL CA scenarios to have at leas some fighting chance to work.

	MTK
	For Rel-16, our preference is still: 
· For both single and multiple PUSCH cases, UE does not multiplex HARQ-ACK information in any PUSCH.
Further enhancement can be proposed in Rel-17 if some companies have interests.
However, considering this may only lead to Alt-5 (which we can accept), we can consider to take Alt #1-A with updated wording from Qualcomm:
· Alt #1-A_update: in the case of multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE does not multiplex HARQ-ACK information in any PUSCH. 
· In the case of a single PUSCH in a slot with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
Besides, Alt #3-3-A seems workable for now but take some UE efforts to modify the behavior, so we can accept Alt #3-3-A if majority of companies also think it’s workable.
To sum up, we can accept Alt #1-A_update, [Alt #3-3-A], and Alt-5.

	ZTE
	First, we support Alt#3-2-A, Alt#3-3-A as discussed above. 
We share the same view with Ericsson that Rel-16 is different from Rel-15. So we don’t support Alt-5. 
In addition, we can accept Alt-4A since for the sake of progress in Rel-16 single PUSCH in a slot on a CC is the typical scenario.

	Samsung
	Although we are one of proponents of Alt. 1, we cannot accept new Alt. #1-A since this proposal make UE implementation complex depending on whether this is single PUSCH or multiple PUSCH before determining HARQ-ACK multiplexing into PUSCH. 
For Alt. #4A and Alt. #5, unfortunately, we cannot accept since this makes gNB implementation more complex other than other alternatives because gNB doesn’t know how UE would implement, for example, whether UE multiplexes HARQ-ACK information based on indicated DAI value in PUSCH or not. Moreover, this makes system broken in Rel-16 as well as Rel-15. 
For Alt. #3-2A and #3-3A, we would not object these approaches in high level although we don’t think that current formulation seems to need some modification/clarification if Alt. #3-2A defines processing timeline to ensure proper UE processing or Alt. #3-3A provided scheduling limitation in order to not happen the issue raised by Qualcomm (that is, non-overlapping two PUSCH group). Having said that, we are not sure that this method can be acceptable in the group. However, we are okay with having further investigation of either Alt. #3-2A or #3-3A with detailed steps. 
In short, we cannot accept Alt. #4A and Alt. 5. We prefer to have original proposal Alt. 1. We are open to have further discussion on Alt. #3-2A and #3-3A. 

	CATT
	Alt #1-A: accept with clarification
Alt #3-2-A: object
Alt #3-3-A : object
Alt 4-A : accept with clarification
Alt-5: accept (assuming it is Alt 4 above)
Comments:
For the single PUSCH case in Alt #1-A and Alt 4-A, we agree with the changes proposed by QC. In addition, we would like to clarify how UE would determine there is only a single PUSCH in a slot in the non-CA scenario. Does it mean that it is a PUSCH which occupies the entire slot, or does it mean that based on the PUSCH time location and the TDRA table, UE knows that there cannot be another TDMed PUSCH in the same slot.
In the case of a single PUSCH in a slot with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH


	Intel
	It is not clear whether a mixed version of Alt-1 A could work. This will still introduce ambiguity if UE misses one UL grant and treats there is only one PUSCH, but actually gNB schedules more than one PUSCHs. 
We still prefer original Alt-1 and in our view, this follows the existing specification, i.e., UE does not multiplex HARQ-ACK information in any PUSCH. 
We can accept Alt. 5 but not other Alts. 

	Ericsson
	We share Nokia’s comment and feel very frustrated with the direction the discussion is going. We are really puzzled to find consistency in the arguments. It seems to us that vendors have no willingness to change the faulty implementation for rel-15  for next releases. 
Considering the proposals and discussion, we fail to understand why single PUSCH case should be limited to non-CA?
For single PUSCH, only the following is acceptable for us. 
In the case of a single PUSCH in a slot with no overlapping PUCCH in the non-CA scenario (Case 4), and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
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Discussion:
The non-CA case was raised based on the discussion in RAN1 #106-e where we had the following cases:

· Case 1: There is a single standalone PUSCH, while there are other PUSCHs in the slot, but the standalone PUSCH does not overlap with other PUSCHs. Should we call case 1 single PUSCH or multiple PUSCH?
· Case 2: In uplink CA, there is a single PUSCH in a slot on a CC, and there are other PUSCH on other CCs in the same slot. Should we call case 2 single PUSCH or multiple PUSCH?
· Case 3: in uplink CA, PCC is FR1(30Khz), SCC is FR2 (120Khz). On SCC, each slot has a PUSCH. Consider the missing PUCCH can overlap with 4 PUSCHs cross 4 slots on SCC, should we call case 3 single PUSCH or multiple PUSCH
· Case 4: The simplest case, no uplink CA. In one slot, UE only received one PUSCH. However, due to potential of UE missing UL grant, should UE treat this as single PUSCH or multiple PUSCH case?
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In conclusion, we had the following agreement:
· For Rel-15 with more than one non-overlapping PUSCH and no overlapping PUCCH within a span on one slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE behavior is up to the UE implementation [CASE 1 through 3]

· For Rel-15 with one PUSCH and no overlapping PUCCH within a span of one slot and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus for any conclusion on one aligned UE behavior. [CASE 4]

The current idea is to mirror the same behavior rather than having a conclusion of no consensus for all the cases: 
To be precise, the behavior should be as follows:
· For Rel-16 in the case of multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

· For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH  slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel 16 UE behavior

· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.

Note that based on feedback from Ericsson and Nokia, we can have case 4 for both CA and non-CA scenarios.
8 4th Round Proposals 

Proposal Final 1- Alt 4-A
· For Rel-16 in the case of multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

· For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH  slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel 16 UE behavior {case 1, case 2, case 3}

· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA) and if the UL-TDAI for the PUSCH UL-TDAI not equal to 4 (for Type 2 codebook) or UL-TDAI equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH {case 4}


Proposal Final 2 – Alt 5
· for Rel-16 UEs in the case of single and multiple overlapping PUSCHs with no overlapping PUCCH, and if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior 
9 4th Summary 
Based on an extensive email discussion (See Section 12 Appendix Email Discussion for further details), the following proposals are stable and will be recommended for endorsement by the Chairman:

Proposal 1 (stable): 

· For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

Proposal 2 (stable)
· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
· Continue discussion on UE behavior with respect to multiplexing HARQ-ACK in PUSCH for the following case in Rel-16.
· More than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if for at least one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook)

Supporting Companies: Qualcomm, Nokia/NSB, MTK, ZTE, Samsung, CATT,Intel,Ericsson, Apple, LG, NTT DOCOMO, Lenovo/Motorola Mobility
10  Conclusion
The following agreements have been endorsed by the Chairman:
Agreement 

· For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior

Agreement
· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
· Continue discussion on UE behavior with respect to multiplexing HARQ-ACK in PUSCH for the following case in Rel-16.
· More than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if for at least one of the PUSCHs the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook)
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11 [bookmark: _Ref79974726]Appendix: Background
11.1 Type 1 HARQ ACK Codebook 

In Section 9.1.2.2 of [7], it is specified that a UE multiplexes HARQ-ACK information in a PUSCH transmission scheduled by DCI format 0_1 when the DAI field in DCI format 0_1 is set to ‘1’ (which is corresponding to ).
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If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Clause 9.1.2.1 when a value of the DAI field in DCI format 0_1 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 a SPS PDSCH, 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 DAI field in DCI format 0_1 is set to '0'; otherwise, .




The spirit of HARQ-ACK information feedback is that a UE generates and feedbacks ACK/NACK information to let network know whether the SPS PDSCH release or the transport block is successfully received or not. It should be clarified whether the value of DAI field in DCI format 0_1 is allowed to be for Type 1 codebook (or  for Type 2 codebook) if the network does not transmit any DL DCI/PDSCH. The purpose of such indication is not clear and may lead to meaningless HARQ-ACK information feedback.

On the other hand, if the network has the freedom to assign any value of DAI field regardless of whether there is DL DCI/PDSCH or not, then the corresponding UE behavior is ambiguous. Two possible interpretations are as follows.
· Interpretation #1: the UE does not multiplex HARQ-ACK information in a PUSCH since there is no DL DCI/PDSCH received.
· Interpretation #2: the UE multiplexes HARQ-ACK information in a PUSCH according to the indicated value of DAI field in DCI format 0_1.
In Section 9.1.2.2 of [3], it says that a UE generates HARQ-ACK codebook as described in Clause 9.1.2.1 IF a UE multiplexes HARQ-ACK information in a PUSCH transmission. Then, in this case, it is not clear whether the UE needs to generate HARQ-ACK information if there is no DL DCI/PDSCH received. 
9.1	HARQ-ACK codebook determination
If a UE receives a PDSCH without receiving a corresponding PDCCH, or if the UE receives a PDCCH indicating a SPS PDSCH release, the UE generates one corresponding HARQ-ACK information bit.
If a UE is not provided PDSCH-CodeBlockGroupTransmission, the UE generates one HARQ-ACK information bit per transport block. 
For a HARQ-ACK information bit, a UE generates an ACK if the UE detects a DCI format 1_0 that provides a SPS PDSCH release or correctly decodes a transport block, and generates a NACK if the UE does not correctly decode the transport block.




11.2 Type 2 HARQ ACK Codebook 
In Section 9.1.3.2 of  [7], the UE behavior for Type-2 HARQ-ACK codebook in PUSCH is specified as follows:
	If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by DCI format 0_0, then

-	if the UE has not received any PDCCH within the monitoring occasions for DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release 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 Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by DCI format 0_1, the UE generates the HARQ-ACK codebook as described in Subclause 9.1.3.1, with the following modifications:




-	For the pseudo-code for the HARQ-ACK codebook generation in Subclause 9.1.3.1, after the completion of the  and  loops, the UE sets  where  is the value of the DAI field in DCI format 0_1 according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, DCI format 0_1 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 0_1 with DAI field value  and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release 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 Subclause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 



11.3 [bookmark: _Ref80187701]PUCCH Prioritization Rules for Rel-15:
In the case of overlapping PUCCH resources and PUSCHs, determination of whether or not the UE multiplexes information in a PUSCH transmission was discussed  in the following conclusion in RAN1 #97[9][10]:

	conclusion 
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
· For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
· Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z). This step is done per PUCCH slot. 
· Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
· First priority: PUSCH with A-CSI as long as it overlaps with Z
· Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
· If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
· Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
· Fourth priority: PUSCHs on serving cell with smaller CC serving cell index > PUSCHs on serving cell with larger serving cell index
· Fifth priority: Earlier PUSCH transmission > later PUSCH transmission 
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.



The UCI multiplexing on PUCCH is specified in Section 9.2.5 of [7] and the PUSCH prioritization rule for UCI multiplexing on PUSCH is specified in Section 9 of [7]:
	If a UE transmits multiple PUSCHs in a slot on respective serving cells and the UE would multiplex UCI in one of the multiple PUSCHs and the UE does not multiplex aperiodic CSI in any of the multiple PUSCHs, the UE multiplexes the UCI in a PUSCH of the serving cell with the smallest ServCellIndex subject to the conditions in Clause 9.2.5 for UCI multiplexing being fulfilled. If the UE transmits more than one PUSCHs in the slot on the serving cell with the smallest ServCellIndex that fulfil the conditions in Clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in the earliest PUSCH that the UE transmits in the slot. 


 
However, there may be scenarios in which the PUSCH UL-TDAI indicates HARQ-ACK bits are present but there is  no DL DCI received by the UE indicating a  PUCCH resource. As such, there is no PUCCH overlapping or colliding with the PUSCH(s). We would like to clarify the UE behavior in these cases. 
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12.1 ZTE: R1-2111361 [1]
	Observation 1: The purpose of the T-DAI in the UL DCI is to address the DL DCI missing such that the network and the UE have the same understanding on the UCI size.
Proposal 1: RAN1 to clarify that a DL DCI cannot be transmitted after a UL DCI if the indicated PUCCH and PUSCH are overlapping in the same slot. 
Proposal 2: In Rel-16, if a UE detects a single PUSCH in a slot scheduled by a DCI with the indicated T-DAI value not equal to 0 for Type-1 codebook or 4 for Type-2 codebook, the UE should perform HARQ-ACK multiplexing in the PUSCH with the assumption that PUCCH resource for HARQ-ACK information overlaps with the PUSCH in the time domain. 
Proposal 3: For the scenario of more than one non-overlapping PUSCH in a slot, if UL T-DAI is not set to 4 for Type 2 codebook or is set to 1 for Type 1 codebook, the UE selects a PUSCH following the current PUSCH prioritization rule and multiplexes HARQ-ACK information in the selected PUSCH with the assumption that the PUCCH resource for the HARQ-ACK information overlaps with the selected PUSCH. 




12.2 Nokia R1-2111784 [2]
	For two or more overlapping PUSCH case the following observation and proposal is made:
Observation 1: Due to lack of specification, with UL CA, the gNB cannot use the UL-TDAI mechanism to ensure that the PUSCH decoding process knows whether HARQ-ACK bits are muxed on the PUSCH, risking the correct decoding of PUSCH.
Proposal 1: Specify that if two or more PUSCHs are transmitted, the UE has no HARQ-ACK information to multiplex on PUSCH, and HARQ-ACK bits are to be multiplexed on PUSCH due to UL-TDAI =1 (CB1) or UL-TDAI < 4 (CB2), then the PUSCH selection for the HARQ-ACK bits multiplexing follows the same procedure as defined for the case when the UE has HARQ-ACK information to multiplex on PUSCH.
1. PUSCH with aperiodic CSI, if one is present
2. Dynamically scheduled PUSCH(s) prioritized over CG PUSCH(s)
3. PUSCH with smallest ServCellIndex  

For one PUSCH case the following observation and proposal is made
Observation 2: If the UE does not mux HARQ-ACK on PUSCH because it did not have any HARQ-ACK to transmit, regardless of the received UL-TDAI, it defeats the purpose of the UL-TDAI
Proposal 2: Clarify that even if the UE has no HARQ-ACK information to multiplex on PUSCH, the UE shall multiplex HARQ-ACK bits on the PUSCH if
· For HARQ-ACK CB1: UL-TDAI on the DCI scheduling the PUSCH is set to 1
· For HARQ-ACK CB2: UL-TDAI on the DCI scheduling the PUSCH is not set to 4





12.3 Apple : R1-2111847 [3]
	Proposal 1: 
· For Rel-16 UEs, in the case of multiple overlapping PUSCHs with no overlapping PUCCH, the UE does not multiplex HARQ-ACK information in any PUSCH since there is no DL DCI/PDSCH received overlapping PUCCH and PUSCH.




12.4 Huawei R1-2111920 [4]
	Proposal 1: For Rel-16, in case of single PUSCH without PUCCH, a UE multiplexes HARQ-ACK in PUSCH in the following cases
· For type-1 HARQ codebook, the UL DAI field is equal to 1
· For type-2 HARQ codebook, the UL DAI filed is equal to 1/2/3
Observation 1: A UE cannot distinguish whether there is one single overlapping PUSCHs group or not according to UL DCI with DAI field value equal to 1 under the multiple DL DCI missing case, mixed numerology case, URLLC case.
Proposal 2: For Rel-16, in case of multiple overlapping PUSCHs with no overlapping PUCCH 
· Select one PUSCH within multiple PUSCH with DAI=1 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-1 HARQ-ACK codebook.
· Select one PUSCH within multiple PUSCH with DAI≠4 following the same PUSCH prioritization rules for UCI multiplexing with PUCCH for type-2 HARQ-ACK codebook.
· The DAI field value of multiple PUSCH should be the same




12.5 Qualcomm R1-2112192 [5]
	Proposal 1: For the issue of HARQ-ACK multiplexing on a group of PUSCHs without HARQ-ACK PUCCH, the conclusion made for Rel-15 is applied to Rel-16. 
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	Key Email Discussion
 
On Nov 18, 2021, at 7:04 PM, Yanping Xing <xingyanping@catt.cn> wrote:
 
Dear Kome and all,
 
Thank you Kome for your great efforts on leading the difficult discussion.
We are fine with the recommendation 1. For the updated proposal, we could be fine to make progress. But we would like to clarify the first bullet covers the case where there are multiple PUSCHs within a span of one PUCCH slot but only one of them is indicated to multiplex. Thanks.
 
Best regards,
Yanping
CATT
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Kome Oteri
Sent: Friday, November 19, 2021 8:46 AM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Thank you Sungjin,
 
Recommendation 1 is for the overlapped CA case that we originally started with and we could not get any consensus on. There seems to be no way forward on this and so we are making this recommendation. I would appreciate if we concluded on this during this meeting.
 
The proposal is based on trying to make the TDAI work for the non-overlapping scenario a future meeting but with an agreement for the single PUSCH non-overlapping case.
 
BR
 
Kome



On Nov 18, 2021, at 4:32 PM, Sungjin Park <sj100.park@SAMSUNG.COM> wrote:
 
Dear Yi, Kome, Karri, Sorour, Yanping and all
 
Thank you for the good discussion and updated proposal. 
 
We are okay with proposal (updated). For recommendation 1, if this is in case of UL CA as it is not clearly explained, we can accept. However, we would rather prefer to discuss this case again, if possible, to see a chance to find common/better understanding since “more than one non-overlapping PUSCH” case will be discussed in next meeting if the updated proposal is agreed. 
 
Best regards
Sungjin
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Yi Huang
Sent: Friday, November 19, 2021 7:42 AM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Kome, Kirri, Sorour, Yanping,
 
Thanks for the good discussion. 
 
We are fine with the recommendation 1 and the updated proposal. We agree that TDAI is a legacy feature inherent from LTE. It will be good to make it work at least for the simplest and maybe most important use case.
 
 
Thanks,
Yi Huang
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Ranta-Aho, Karri (Nokia - FI/Espoo)
Sent: Thursday, November 18, 2021 12:19 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
CAUTION: This email originated from a known Qualcomm vendor. Please exercise caution with any unexpected requests, links, or attachments.
Dear Kome, all
 
So you really wanted to suggest no consensus on multi-PUSCH, and FFS for the rest! That is the same as if we never, ever even did anything. There is no need for any such proposal to be agreed as it does not do anything.
 
Let’s be clear here. RAN1 specified a functionality in Rel-15 that was not even new to NR, but inherited from LTE, and the people doing this knew full well what it was there for. Unfortunately, as the spec was not very clearly written this was quite apparently read and implemented differently in different companies. This is stuff that happens as we are not perfect. But now because there are different implementations, the discussion is repeatedly obfuscated as if we would not know what it is supposed to do, and we fail time and time again to do what we as a standard organization are supposed to achieve, and just shrug with “no consensus”, have a broken functionality and come back to the next e-meeting to copy-paste the same comments.
 
Kome, I am not pinning this on you, you are in the unfortunate position to try to pull together an agreement on a clear thing and just end up on the wrong end of my frustration. I understand that there is only so much you can achieve when the companies are not interested in producing a functional specification even to this fairly basic thing that is well understood and has existed since LTE times.
 
The only thing that takes us forward (well, to the point where we were supposed to be in Rel-15 with a functionality that was well known and understood) as a bare minimum , we need, no, we must agree to the updated proposal. There is no point in agreeing to the original proposal as it does not move us one inch forward, just preserves the “we don’t understand what the UL-TDAI is supposed to do with no DL DCI detected” sentiment. 
 
Regards,
Karri
 
 
 
From: Kome Oteri <ooteri@apple.com> 
Sent: Thursday, November 18, 2021 9:14 PM
To: Ranta-Aho, Karri (Nokia - FI/Espoo) <karri.ranta-aho@nokia.com>
Cc: 3GPP_TSG_RAN_WG1@list.etsi.org
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour/Karri,
 
This is further than I hoped we would go. So we have the following:
 
 
Recommendation 1 (stable): 
-  For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior 
 
Proposal (Updated):
- For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH.
 
- Continue discussion on UE behavior with respect to multiplexing HARQ-ACK in PUSCH for the following case in Rel16.
                - More than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook)
 
This captures the third bullet as an agreement and makes the second FFS which moves us forward even more compared with the original below:
 
Proposal (Original)
For the single or non-overlapping PUSCH scenario:
 - FFS: For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel-16 UE behavior 
 - FFS: For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
 
Please indicate which version is best by UTC 11:59 today.
 
BR,
 
Kome
 
 
 
On Nov 18, 2021, at 10:37 AM, Ranta-Aho, Karri (Nokia - FI/Espoo) <karri.ranta-aho@NOKIA.COM> wrote:
 
Dear Kome, Sorour,
 
It seems like the actual proposal before the FFS points somehow got dropped of from Kome’s original, which I would also hope was fairly close to what Sorour wrote for the first bullet, while the 2nd bullet takes care of the FFS. That would seem to get us somewhere and I would find that as a decent step forward (actually a step to square one, as the whole thing started with the overlapping PUSCH case lacking a selection rule).
 
Regards,
Karri
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sorour Falahati
Sent: Thursday, November 18, 2021 8:27 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Kome, all
Thanks for the great effort.
 
The formulation of proposal is a bit confusing to me. May I suggest the following:
 
 
Proposal (updated):
· For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
· Continue discussion on UE behavior with respect to multiplexing HARQ-ACK in PUSCH for the following case in Rel16:
· More than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook)
Thanks
BR
Sorour
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Kome Oteri
Sent: den 18 november 2021 19:16
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Hello all,
 
Given the discussion we seem to have converged on a conclusion for the overlapping PUSCH case but do not seem to be able to converge on one for the non-overlapping PUSCH case. However, we have been able to agree that we can have different solutions for both.
 
Based on this, we can have the following proposals:
 
The first bullet point in stable:
 
Recommendation 1 (stable): 
-  For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior 

Proposal:
For the single or non-overlapping PUSCH scenario:
 
- FFS: For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel-16 UE behavior 
 
- FFS: For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
 
This approach allows us to (1) make some progress while taking into account the reservations from a few companies and (2) avoid Alt 5 where even for the non-overlapping scenario, we have no consensus. 
 
I hope we can make a decision on this and at least make some progress in this meeting.
 
BR,
 
Kome
 
 
On Nov 18, 2021, at 9:27 AM, Ranta-Aho, Karri (Nokia - FI/Espoo) <karri.ranta-aho@NOKIA.COM> wrote:
 
Dear Sorour, Kome and all,
 
At the risk of repeating myself, I agree with Sorour’s view below.
 
Regards,
Karri
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sorour Falahati
Sent: Thursday, November 18, 2021 7:10 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Kome, all
Thanks Kome for great efforts and providing way forward. 
 
We totally understand that the latest email exchange could be complicated.
I would like to summarize the finding:
· When there are non-overlapping PUSCHs in the span of a span on one PUCCH slot (both single carrier and UL CA),  only one of the PUSCHs can be scheduled with a DCI that the corresponding UL-DAI indicates multiplexing HARQ-ACK in the PUSCH.
· In this case, there is no ambiguity for the UE and it is only one USCH that UE is expected to multiplex HARQ-ACK on.
· Therefore, the situation of single PUSCH would be equivalent to multiple PUSCH if the condition above is satisfied (both single carrier and UL CA).
 
 
Therefore, if we take “Proposal Final 1 – Alt 4-A” that seems to reached consensus, the simplest one can do, without reopening discussion would be as following:
· A) Proposal Final 1 – Alt 4-A
· B) Proposal Final 1 – Alt 4-A extended to non-overlapping PUSCHs (both single carrier and UL CA)
 
If companies need more time, we are fine we (A) as it is , but we support your approach to put FFs on (B) to visit next meeting so companies can check why only one PUSCH can be indicated to multiplex. If it is already clear to companies, then we don’t see logically the reason of not supporting B. 
 
I hope that clarifies the situation 😊
 
Thanks
BR
Sorour
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Kome Oteri
Sent: den 18 november 2021 17:39
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear All,
 
Thank you for the discussion. Just to clarify, there are two scenarios that seem to be under discussion:
 
1. "The  UE multiplexes HARQ-ACK following UL-TDAI in the PUSCH for non-UL CA case when the PUSCH occupies the entire slot in the non UL CA case”
 
OR 
 
2. “ UE multiplexes HARQ-AC following UL-TDAI in the PUSCH for non-UL CA case when there are multiple non-overlapping PUSCHs, if only one of the PUSCHs is indicated with DAI not equal to 4” ?
 
Option 1 above is covered by case 4 although makes the UE behavior more deterministic
Option 2 above re-opens the discussion on case 2.
 
Given that we are already behind schedule we can 
 
(a) reopen the discussion to try and converge for case 2. This will  be difficult as we are already pas the deadline.
(b) accept the current proposal
 
-  For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior 

- For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel-16 UE behavior 
 
- For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
 
 
(c) make this case  only FFS i.e.
 
-  For Rel-16 with multiple overlapping PUSCHs with no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot, if the  UL-TDAI n.e. 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook) there is no consensus in RAN1 on Rel-16 UE behavior 

- For Rel-16 with more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or  equal to 1 (for Type 1 codebook), there is no consensus in RAN1 on Rel-16 UE behavior 
  -FFS: scenario where there are multiple non-overlapping PUSCHs for the non-UL CA case, if only one of the PUSCHs is indicated with DAI not equal to 4.
 
- For Rel-16 with one PUSCH and no overlapping PUCCH with HARQ-ACK within a span of one PUCCH slot (both single carrier and UL CA), if the UL-TDAI is not equal to 4 (for Type 2 codebook) or equal to 1 (for Type 1 codebook), the UE multiplexes HARQ-ACK following the UL-TDAI into the PUSCH
 
Please indicate your preference as we are already past the deadline.
 
BR,
 
Kome
 
 
 
On Nov 18, 2021, at 6:18 AM, Ranta-Aho, Karri (Nokia - FI/Espoo) <karri.ranta-aho@NOKIA.COM> wrote:
 
Dear Sorour, Sungjin, Yanping, Sukchel and all
 
This is a very fast paced discussion, hard to keep up all the alternatives that still have chances of reaching an agreement in this meeting.
 
I would agree that for non-overlapping PUSCH case things should be clear and this case can be included. I think all these cases where there is just one PUSCH at a given time should behave the same way whether or not UL CA is configured. The only part of contention should really just be the UL CA case where there is overlapping PUSCH, where a selection rule was missing (and could be introduced).
 
Regards,
Karri
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sorour Falahati
Sent: Thursday, November 18, 2021 2:33 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sungjin, Yanping, Sukchel, and all,
 
Thanks for the discussion.
 
Sukchel understanding of my comment is correct.
Sungjin, sorry I misunderstood that you were not suggesting that.  Thanks for clarifying it.
I seems to that we all now understand each other better 😊
Yanping about your suggestion, I have never been good at remembering Alt. I need to check the previous summary. But at least looking at the description below, maybe the context should be more clear.
 
A simplest case would be to include Yanping scenario in final 1-4A if OK with the group (just being practical since many have not been able to follow the discussion and it has been a contentious discussion).
 
Thanks a lot
BR
Sorour
 
PS: A question maybe when we meet each other 😊 If DAI is such a headache, how  CG-PUSCH gets away with it and get muxed  the HARQ-ACK.. It is a mystery to me.. 
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sungjin Park
Sent: den 18 november 2021 12:40
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour, Yanping, Sukchel, and all,
 
Thank you for the clarification.
 
On Sorour’s question, I don’t have any intention to suggest the way you mentioned. Now, I understand your view well thanks to Yanping and Sukchel. Generally we are fine with Yanping’s suggestion in principle regardless of single and multiple PUSCH case, that’s what we can solve the issue as much as possible since this is general case and to provide UE behavior more consistency. At least, we also think that there is no ambiguity issue in non-UL CA case. 
 
Best regards
Sungjin
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Yanping Xing
Sent: Thursday, November 18, 2021 8:23 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour, Sungjin and all,
 
Thanks Sorour for your clarification. At least I understand how you think.
But I think we should be consistent. If the assumption holds, let’s go with Alt #2 in previous discussion without differentiating single PUSCH or multiple PUSCH cases. 
Alt #2: the UE multiplexes HARQ-ACK information in a PUSCH if UL-TDAI n.e. 4 (for Type 2 codebook) or UL-TDAI e.g. 1 (for Type 1 codebook) in  DCI Format 0_1 otherwise it does not multiplex i.e. the UL UL-TDAI indicates which PUSCH to be multiplexed on.
Otherwise, we cannot assume that gNB would only indicate one of the PUSCHs overlapping with PUCCH for UCI multiplexing. In order to differentiate the two cases, I would suggest that we only agree that UE multiplexes HARQ-ACK following UL-TDAI in the PUSCH for non-UL CA case when the PUSCH occupy the entire slot. For all other cases, it is up to UE implementation.
 
Best regards,
Yanping
CATT
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Sorour Falahati
Sent: Thursday, November 18, 2021 6:41 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Yangping, Sungjin,  Shuihua, all
 
Thanks for the discussion.
 
Yangping, in my view it shouldn’t be restricted.
 
Sungjin, the case under discussion is about DG-PUSCHs. Even for the cases discussed in this email thread, the context is DG-PUSCHs with UL-DAI indicating HARQ-ACK multiplexing.  Focusing on this context, are you suggesting that from spec it is not clear that if there are two DG-PUSCHs, one indicated UL-DAI to mux HARQ-ACK, and the other not to mux HARQ-ACK, it is not still clear which one the UE uses for mux HARQ-ACK? We don’t think so and the spec is very clear that the one with UL-DAI to mux HARQ-ACK is used.
 
Thanks
BR
Sorour
 
Dear Sungjin, Sorour, Yanping, all,
 
Thank you for further discussion.
 
If I understand correctly on what Sorour commented below, she didn’t propose new PUSCH selection rule for UCI multiplexing.
I guess her concern is that, even in case where multiple non-overlapping PUSCHs, if only one of the PUSCHs is indicated with DAI not equal to 4, there would be no difference with the case where only one PUSCH exists.
For this reason, she thinks that current “Proposal Final 1 – Alt 4-A” seems to exclude the above case unnecessarily.
Is my understanding correct? ^^
 
BR,
Sukchel
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sungjin Park
Sent: den 18 november 2021 10:54
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Yanping, Sorour, Shuihua and all,
 
Thank you for the discussion.
 
I have a follow-up question about “gNB would only indicate one of them for UCI multiplexing”. 
 
I’m not sure whether there is related specification text something like “PUSCH scheduled by DCI format 1_1 with DAI is always selected for UCI multiplexing” because general PUSCH selection rule for UCI multiplexing is based on following conclusion made in RAN1#97.
Maybe, gNB could ensure that PUSCH scheduled by DCI format 1_1 with DAI should be selected based on following rule, but it is not mandatory from specification perspective. That is, I think that it is likely that a UE would multiplex HARQ-ACK on CG PUSCH other than DG PUSCH if CG PUSCH is earlier than DG PUSCH.
 
	conclusion
For the issue raised in the draft CR R1-1906302, the intended UE behavior per specification is commonly understood as follows:
·         For UCI multiplexing, within a PUCCH group, on PUSCH, the following two steps are performed with step 1 first, then followed by step 2:
o    Step 1: UCI in overlapped PUCCH transmissions is multiplexed into one PUCCH resource (resource Z) on PCC. This step is done per PUCCH slot. 
o    Step 2: UCI, that doesn’t include SR, in Z is multiplexed into one PUSCH, if Z overlaps with at least one PUSCH, following the priorities (sequentially from high to low) as listed below.
§  First priority: PUSCH with A-CSI as long as it overlaps with Z
§  Second priority: earliest PUSCH slot(s) based on the start of the slot(s)
§  If there are still multiple PUSCHs overlap with Z in the earliest PUSCH slot(s), follow the following priorities (sequentially from high to low)
·         Third priority: Dynamic grant PUSCHs > PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH
·         Fourth priority: PUSCHs on CC serving cell with smaller CC serving cell index > PUSCHs on CCserving cell with larger CC serving cell index
·         Fifth priority: Earlier PUSCH transmission > later PUSCH transmission
Note: The clarification applies to both cases with the same (except the second priority part) and different numerologies among PUCCH and PUSCHs.
 


 
Best regards
Sungjin
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Yanping Xing
Sent: Thursday, November 18, 2021 6:22 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour, Shuihua and all,
 
Thanks Sorour for your elaboration. However, I am a little bit confused. If the assumption is that among a group of PUSCHs overlapping with the PUCCH, gNB would only indicate one of them for UCI multiplexing, why shall we restrict the proposal to single PUSCH case? Isn’t true that UE can just follow the T-DAI regardless of whether there is a single or multiple PUSCH(s). Did I miss anything?
 
Best regards,
Yanping
CATT
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Shuaihua Kou
Sent: Thursday, November 18, 2021 5:03 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Kome, Sorour, Sukchel, Yanping, Sungjin, all, 
 
Thanks for the discussion.
We are fine with Alt 4-A. And we share the same view with Sorour that the gNB can only indicate one of them for UCI multiplexing for the case here we are discussing.
 
BR,
 
Shuaihua Kou
ZTE Corporation
 
原始邮件
发件人：SorourFalahati <000001d6d568c064-dmarc-request@LIST.ETSI.ORG>
收件人：3GPP_TSG_RAN_WG1@LIST.ETSI.ORG<3GPP_TSG_RAN_WG1@LIST.ETSI.ORG>;
日 期 ：2021年11月18日 16:12
主 题 ：Re:[107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
Dear Kome, Sukchel, Yanping, Sungjin, all
 
Thanks for the discussion.
I was away for a while and missed the interesting discussion.
 
First of all consider normal operation without DL mis-detection (to answer Yanping question):
· In the scenario below, only one of the PUSCHs can be indicated to multiplex HARQ-ACK in.
· If UL-DAI for DCI1 indicates HARQ-ACK multiplexing, all the DL assignments would be received before A. Any DL assignment after point A scheduling PDSCHs, their corresponding HARQ-ACK shall not be carried by PUCCH. Therefore, gNB cannot indicate in DCI2 for PUSCH2, UL-DAI indicating HARQ-ACK multiplexing.
· If UL-DAI for DCI2 indicates HARQ-ACK multiplexing, all the DL assignments would be received before B. Any DL assignment after point B scheduling PDSCHs, their corresponding HARQ-ACK shall not be carried by PUCCH. Since there can be DL grant after A and before B, gNB cannot indicate in DCI1 for PUSCH1, UL-DAI indicating HARQ-ACK multiplexing.
· There can be only one PUCCH with HARQ-ACK in the slot.
Therefore, although there are two PUSCHs, gNB can only indicate one of them with UL-DAI for HARQ-ACK multiplexing. Which basically means that the situation is equivalent to having single PUSCH for HARQ-ACK multiplexing. The UE is sure which PUSCH to multiplex on.
The UE knows as well that for non-overlapping PUSCHs in the slot, only one PUSCH can be used for multiplexing.
What is the issue that UE cannot handle?
In fact, the logical conclusion is that to the add  this case to  Proposal Final 1- Alt 4-A which is unnecessarily excluded.
 
 
<image001.png>
 
Thanks
BR
Sorour
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Sukchel Yang
Sent: den 18 november 2021 08:00
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Kome, all,
 
Thank you for the discussion.
 
We share similar view with Samsung that, there seems no difference between the case with multiple overlapping PUSCHs and the case with multiple non-overlapping PUSCHs, as long as there is no overlapped PUCCH but DAI indicates non-zero value.
In this context, the conclusion is to be the same for the two cases (e.g. no consensus or UE implementation or specific handling).
 
BR,
Sukchel
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Yanping Xing
Sent: Thursday, November 18, 2021 1:38 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour, Sungjin, Kome and all,
 
Thanks for your follow-up.
@Sorour, my understanding of your assumption is that the T-DAI would only indicate one of the PUSCHs to multiplex HARQ-ACK. Then for Case B (CA), assuming PUSCH1 is scheduled earlier than PUSCH2, gNB would indicate UE to multiplex HARQ-ACK in PUSCH1 but not in PUSCH2. Is it correct understanding? From UE side, if UE received DL grant and both UL grants, what is the UE behavior?
 
@Sungjin, I tend to agree with your understanding that unless UE can be sure that there is only PUSCH, e.g. for non-CA case and the PUSCH occupies the entire slot, UE can follow the behavior defined in the proposal. For other cases if UE is not sure, UE behavior is undefined. Not sure if it is the common understanding.
 
Best regards,
Yanping
CATT
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Kome Oteri
Sent: Thursday, November 18, 2021 12:26 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Thank you Sorour for explaining things in a much clearer way. Yanping, if this answers your question, can yo agree to Proposal Final 1 - Alt 4-A ?
 
Thank you very much,
 
BR,
 
Kome
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Sungjin Park
Sent: Thursday, November 18, 2021 12:24 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Dear Sorour, Yanping, Yi, Kome and all,
 
Thank you for the discussion.
 
If I understand correctly, we are talking about how DAI value applies when there is no PUCCH resource in a slot for UE side. Thus, the figure drawn by Yanping is in view of gNB side. For UE side, there is no PUCCH resource due to DCI missing.
If it is correct, my understanding is that the UE may or may not differentiate between multiple PUSCH and single PUSCH in following figure assuming there are no more PUSCH2 before PUSCH1 preparation deadline.
In this case, as Alt. 4-A said, there is no defined UE behavior. That is, the UE may or may not multiplex HARQ-ACK in PUSCH1 since this case is “more than one non-overlapping PUSCH”.
 
Best regards
Sungjin
 
On Nov 17, 2021, at 8:17 PM, Sorour Falahati <000001d6d568c064-dmarc-request@LIST.ETSI.ORG> wrote:
 
Hi Yanping, all
 
Thanks for the question.
After the uplink grant, if any DCI schedules a PDSCH, their corresponding HARQ-ACK can not be multiplex on that PUSCH.
Which means in your example, all the DCI scheduling PDSCH with HARQ-ACK (that are missed in this case), would be before the corresponding UL grant.
Also, there can be only one PUCCH with HARQ-ACK in the slot.
Therefore,  only of one the UL grants would have UL DAI indicating multiplexing. Hence, there is no ambiguity.
 
I hope that clarifies.
 
Thanks
BR
Sorour
 
 
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Yanping Xing
Sent: den 18 november 2021 04:36
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Hi Yi,
 
Thanks for sharing your view. That is exactly my question. How could UE differentiate the following cases from the other cases assuming there are no PUSCH2s before PUSCH1 preparation deadline?
 
Best regards,
Yanping
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Yi Huang
Sent: Thursday, November 18, 2021 11:07 AM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Hi Yanping, Kome, and all,
 
Thanks for the further discussion.
 
Yanping, for the two cases you listed, they should belong to “more than one non-overlapping PUSCH and no overlapping PUCCH with HARQ-ACK within a span on one PUCCH slot (both single carrier and UL CA)”, no? Maybe I missed something?
 
Thanks,
Yi Huang
 
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 <3GPP_TSG_RAN_WG1@LIST.ETSI.ORG> On Behalf Of Yanping Xing
Sent: Wednesday, November 17, 2021 6:59 PM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
CAUTION: This email originated from a known Qualcomm vendor. Please exercise caution with any unexpected requests, links, or attachments.
Dear Kome,
 
Thank you for your follow-up. Then for the two cases illustrated below, UE would assume it is a single PUSCH case before PUSCH1 preparation but the HARQ-ACK is expected to be multiplexing in PUSCH2. Is it the correct understanding?
<image001.png>
 
Best regards,
Yanping
CATT
 
From: 3gpp_tsg_ran_wg1: tsg ran working group 1 [mailto:3GPP_TSG_RAN_WG1@LIST.ETSI.ORG] On Behalf Of Kome Oteri
Sent: Thursday, November 18, 2021 10:37 AM
To: 3GPP_TSG_RAN_WG1@LIST.ETSI.ORG
Subject: Re: [107-e-NR-7.1CRs-06] Issue#10: Discussion on HARQ-ACK multiplexing on PUSCH
 
Hi Yangping,
 
Thank you for the question. I believe I missed the question.
 
 One option would be that by the time the UE transmits the first PDSCH, if there is no overlapping PUSCH and the TDAI conditions are satisfied, it could assume that it is a single PUSCH and multiplex. If the UE transmits the first PDSCH and at that time it knows there are multiple other PDSCHs and the TDAI conditions are satisfied, it does not multplex.
 
BR,
 
Kome
 
 
On Nov 17, 2021, at 6:04 PM, Yanping Xing <xingyanping@CATT.CN> wrote:
 
Dear Kome and all,
 
Thank you Kome for your efforts.
Sorry if I missed the previous discussion, but as I asked in our reply, it is not clear to us how UE would differentiate one PUSCH and multiple PUSCH cases. Can someone clarify? Thanks.\
 
Best regards,
Yanping
CATT
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