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This document summarizes the discussion on the issue of HARQ-ACK multiplexing on PUSCH without PUCCH proposed by [1][2].
Discussion
[1][2] raise an issue on HARQ-ACK multiplexing on PUSCH without PUCCH for Type-1 HARQ-ACK codebook in the case of multiple PUCCH slots overlapping with the candidate PUSCH in CA operation. When the UL-TDAI is equal to 1 and the UE does not determine any PUCCH resource carrying HARQ-ACK information, the UE should select the candidate PUSCHs for HARQ-ACK multiplexing. However, the UE cannot determine the PUCCH slot when multiple PUCCH slots overlap with the candidate PUSCH. Then the Type-1 HARQ-ACK codebook size cannot be determined if these PUCCH slots correspond to different number of PDSCH slots.
As example is provided as below. the PUCCH is transmitted on Cell 0. The PUSCH overlaps with slot 6 and slot 7 in Cell 0. If the UE does not determine the PUCCH resource, the slot 6 and on slot 7 are both possible for PUCCH resource. The configured k1 set includes 1, 2, 3, and 4. If the PUCCH slot is slot 6, the PDSCH slots include slot 1, slot 2 and slot 3. If the PUCCH slot is slot 7, the PDSCH slots include slot 2 and slot 3. It can be seen that the number of the PDSCH slots are different as well as the corresponding Type-1 HARQ-ACK codebook size.


Figure 1 Two PUCCH slots overlap with the PUSCH
More details could be found in [1]. 
To resolve this issue, the following proposal and CR are provided.
Proposal 1: The first PUCCH slot should be used for Type-1 HARQ-ACK codebook construction if the UE does not determine the PUCCH resource and the determined candidate PUSCH overlaps with more than one PUCCH slots.

CR for TS38.213
	<Unchanged parts are omitted>
If a UE would transmit a single PUSCH scheduled by a DCI format that includes a DAI field on a serving cell in a slot with reference to slots for PUCCH transmissions without any other PUSCH that would be transmitted on any serving cell in the slot and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot, or if the UE indicates the corresponding capability Multiplexing-HARQ-ACK-without-PUCCH-on-PUSCH and the UE transmits multiple PUSCHs on respective serving cells in a slot with reference to slots for PUCCH transmissions and the UE does not determine any PUCCH carrying HARQ-ACK information in the slot and at least one of the multiple PUSCHs is scheduled by a DCI format that includes a DAI field, the UE selects the single PUSCH or all the multiple PUSCHs in the slot as the candidate PUSCHs for HARQ-ACK multiplexing within the slot except for any PUSCH among the multiple PUSCHs that is scheduled by a DCI format that includes a DAI field that is equal to 4 in case the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook-r16, or is equal to 0 in case the UE is configured with pdsch-HARQ-ACK-Codebook = semi-static. If there are more than one slots for PUCCH transmissions overlapping with the candidate PUSCH, the first slot is used for Type-1 HARQ-ACK codebook construction.
The UE determines the PUSCH for UCI multiplexing by applying the following procedure on the candidate PUSCHs as described in this clause:
-	If the candidate PUSCHs include first PUSCHs that are scheduled by DCI formats and second PUSCHs configured by respective ConfiguredGrantConfig or semiPersistentOnPUSCH, and the UE would multiplex UCI in one of the candidate PUSCHs, and the candidate PUSCHs fulfil the conditions in clause 9.2.5 for UCI multiplexing, the UE multiplexes the UCI in a PUSCH from the first PUSCHs. 
-	If the UE would multiplex UCI in one of the candidate PUSCHs and the UE does not multiplex aperiodic CSI in any of the candidate 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. 
<Unchanged parts are omitted>




2.1 First round 
Companies are invited to share the views on the proposal and CR.
	Company name
	Comments

	QC
	The identified issue seems valid. The solution is reasonable. We support this CR in general. 
Exact wording of the TP can be further discussed. 
Regarding adopting this CR for which release, we don’t think the CR should be adopted for Rel-15. Adopting it for Rel-16 or Rel-17 is more appropriate. 

	DCM
	Same view with QC.

	Apple
	Prefer solution to be adopted for Rel-17.

	ZTE
	We support the CR. We are ok to adopt it from Rel-16. 

	Intel 
	We understand the intention of this TP, but it is unclear to us, whether the case shown below is excluded?  In the figure below, one PUSCH slot overlaps with two PUCCH slots. PUSCH1 and PUSCH2 overlap with PUCCH1, while PUSCH2 and PUSCH3 overlap with PUCCH2 but PUCCH2 is missed. Whether UE only multiplexes PUCCH1 on PUSCH1 and no HARQ-ACK on PUSCH2 or PUSCH3, or UE multiplexes PUCCH1 on PUSCH1, and multiplexes Type-1 codebook for 2nd slot (slot 1) in PUSCH2 or PUSCH3? 


Moderator: Our intention is to address the case that 1) there are more than one slots for potential PUCCH transmissions overlapping with the candidate PUSCH 2) the UE does not determine any PUCCH carrying HARQ-ACK on any of the slots. This is different with the case you mentioned above.
For your provided case, since the UE has determines a PUCCH within slot 0, legacy handling is applied, and our understanding is the UE would multiplex PUCCH1 in PUSCH1, and multiplex Type-1 codebook for slot 1 in PUSCH2 if PUSCH1 does not overlap with slot 1.

	Ericsson
	In our view, the proposed behavior is already captured by the specification. And CR is nor needed.
It seems one important aspect is missing in the analysis. Please note that the procedure in specification is slot-based order with slots reference to PUCCH transmission. 
Which means in ZTE scenario, first slot is checked. Following existing procedure, UE ends up e.g. to multiplex in PUSCH using the CB size of Type 1 corresponding to the first slot.
Then, UE goes to the second slot. Since UE has already multiplexed in PUSCH, the UE is not expected to multiplex more in PUSCH due to the rule in spec.
[image: ]
So, the current spec supports already the proposal by ZTE and therefore no additional spec impact is needed.
Hopefully that also answers Intel question.


	Huawei, HiSilicon
	We think the proposed solution does not really solve the problem. For example, in the case below, the gNB schedules PDSCH at slot 2 and slot 3 and indicate corresponding feedback slot is slot 7. Then the gNB expects to receive the HARQ-ACK codebook in PUSCH with the size calculated based on slot 7. With the proposed solution, there is a mismatch on the size of HARQ-ACK codebook in PUSCH between the gNB and the UE. The proposed solution does not really provide any help to gNB detection. Therefore, we have a preference to leave this to UE implementation. 
  [image: ]

	Intel2 
	Thanks for the explanation by Ericsson. 
If I understand correctly, Ericsson means, UE processes UCI multiplexing per PUCCH slot in sequence. So HARQ-ACK of 1st PUCCH slot is first multiplexed in a PUSCH (PUSCH1 in my figure 1). Then, UE checks 2nd PUCCH slot, and if UE finds the same PUSCH is selected, UE does not multiplex. So, it is not a error case, it is allowed and UE just does not multiplex 2nd slot HARQ-ACK. However, it is error case according to the cited sentence, then, it’s up to UE implementation. We worry, whether UE may drop the PUSCH1 (just one UE implementation for such error case) which leads to lose of PUSCH1 as well as HARQ-ACK in slot 0. Apparently, it is undesirable. To avoid such drop, whether we need any additional description for the case of missed DL grant? 
[image: ]
Besides, for the case of figure 2 below, PUSCH1 does not overlap with slot 1. Whether the existing spec means UE would also select PUSCH1 as candidate PUSCH for slot 1 or UE selects PUSCH3 as candidate PUSCH for slot 1?  2 options of candidate PUSCH determination as below. We’d like to check with companies, which option is the common understanding ? 
(1) UE finds PUSCH1 if we assume any PUSCH in a PUSCH slot overlapping with a PUCCH slot is candidate PUSCHs, no matter the PUSCH overlaps with the PUCCH slot or not. 
(2) if we assume only PUSCHs overlapping with the PUCCH slot is candidate PUSCH, then, for figure 2, UE multiplexes HARQ-ACK in slot 1 on PUSCH3 rather than PUSCH1. 



                                  Figure 2
Moderator: Our understanding is (2). 

	vivo
	Agree with the analysis from Huawei, the actual scheduled PUCCH can be either in slot 6 or slot 7, the proposal solution does not really solve the problem. We also prefer to leave this to UE implementation.

	CATT
	It is a valid case but as analyzed by Huawei, the proposal would potentially lead to misalignment between gNB and UE. Therefore, we also prefer to leave it to UE implementation.

	
	



[bookmark: _GoBack]2.2 Summary of first round discussion 
	Proposal 1: The first PUCCH slot should be used for Type-1 HARQ-ACK codebook construction if the UE does not determine the PUCCH resource and the determined candidate PUSCH overlaps with more than one PUCCH slots.



· 4 companies (QC, DCM, Apple, ZTE) support the proposal. 
· One company (Ericsson) thinks the proposal is covered by current spec. 
· 3 companies (Huawei, vivo, CATT) prefer to leave to UE implementation. 
· FL comment: It’s not a good idea to leave to UE implementation considering it clearly would cause ambiguity. If we go with the proposal or interpret as commented by Ericsson, it means gNB should indicate PUCCH in the first slot, otherwise gNB has to bear the consequences if DL DCI is missed. 
In addition, Intel raises clarification about which option below is the correct understanding. 
· Option 1: If a PUSCH slot overlaps with multiple PUCCH slot, the UE assumes all PUSCH(s) in the PUSCH slot as candidate PUSCH(s) for UCI multiplex, no matter the PUSCH(s) overlaps with the PUCCH slot or not. 
· Option 2: If a PUSCH slot overlaps with multiple PUCCH slot, the UE only assumes the PUSCH(s) overlapping the PUCCH slot in the PUSCH slot as candidate PUSCH(s) for UCI multiplex. 
From Moderator perspective, Ericsson’s cited spec text could apply to the concerned case we are discussing. However, according to the inputs, it is clear that there is no common understanding on this. 

So, FL suggests to discuss the following proposed conclusion to reach a common understanding in RAN1.  
Proposed conclusion: 
· If the UE does not determine the PUCCH resource and the determined candidate PUSCH(s) overlaps with more than one PUCCH slots, the first PUCCH slot should be used for Type-1 HARQ-ACK codebook construction. 
· No spec impact is expected. 
· Further clarify which option below is the correct understanding. 
· Option 1: If a PUSCH slot overlaps with multiple PUCCH slot, the UE assumes all PUSCH(s) in the PUSCH slot as candidate PUSCH(s) for UCI multiplex, no matter the PUSCH(s) overlaps with the PUCCH slot or not. 
· Option 2: If a PUSCH slot overlaps with multiple PUCCH slot, the UE only assumes the PUSCH(s) overlapping the PUCCH slot in the PUSCH slot as candidate PUSCH(s) for UCI multiplex. 

	Company name
	Comments

	Intel 
	For 1st bullet, we agree. 
For 2nd bullet, our understanding is option 2, because it is more aligned with the case when DL grant is not missed. Thanks FL for the proposal to align companies understanding for this issue. 




Reference
R1-2205941	Discussion on HARQ-ACK multiplexing on PUSCH without PUCCH	ZTE
R1-2206339	Draft CR on HARQ-ACK multiplexing on PUSCH without PUCCH	ZTE
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A UE does not expect to multiplex in a PUSCH transmission in one slot with SCS configuration g, UCI of same type
that the UE would transmit in PUCCHS in different slots with SCS configuration g if 1, < iz
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