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[bookmark: _Hlk510705081]This document is created to facilitate the email discussion of 
· [108-e-R16-URLLC-03]  Issue#4: Clarification on HARQ-ACK feedback of multiple SPS configurations with PUCCH repetition by February 25 – Klaus (Nokia)

This email thread is triggered by the following discussion documents. 
R1-2201403	Clarification on HARQ-ACK feedback of multiple SPS configurations with PUCCH repetition, Nokia, Nokia Shanghai Bell 

In R1-2201403, the following is discussed: 

The following was agreed in RAN1#106-e regarding the handling of the first PUCCH repetition and semi-static configuration in Rel-16: 
	Conclusion
It is clarified that a PUCCH repetition in case [image: ] (including the first PUCCH repetition) is postponed to the next available slot if the PUCCH repetition collides with SSB symbols or symbols indicated as DL by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.
· There is no consensus in RAN1 for whether or not the above case is supported in Rel-15 for the first PUCCH repetition when the PUCCH is triggered by DCI.



For the PUCCH repetition procedure in unpaired spectrum, the following relevant clauses are found in TS 38.213 v16.8.0, Section 9.2.6:
	[bookmark: _Toc29899572][bookmark: _Toc36498183][bookmark: _Toc29894855][bookmark: _Toc45699210][bookmark: _Toc29917309][bookmark: _Toc29899154][bookmark: _Toc20311595][bookmark: _Toc90376697][bookmark: _Toc12021483][bookmark: _Toc26719420]9.2.6	PUCCH repetition procedure
< omitted text>
For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting, or a slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of [6, TS 38.214] for CSI reporting and having
i) -	an UL symbol, as described in clause 11.1, or flexible symbol that is not SS/PBCH block symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
ii) -	consecutive UL symbols, as described in clause 11.1, or flexible symbols that are not SS/PBCH block symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4
< omitted text>
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
iii) -	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
iv) -	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
v) -	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
< omitted text>



In case of multiple active SPS PDSCH configurations in TDD, we think current specifications regarding PUCCH repetition handling are not fully clear. With respect to the example in Figure 1, where the (initial) slot for corresponding HARQ-ACK transmission of each SPS PDSCH is invalid due to a collision with semi-static configuration, we see three possible interpretations of what the UE should do regarding potential PUCCH transmission in slot 4 and 5:
· Interpretation 1: The UE transmits a PUCCH (repeated at both slot 4 and 5) containing SPS HARQ-ACK feedback for both SPS PDSCH 1 and SPS PDSCH 2. 
· Here we assume that HARQ-ACK feedback bits belong to the same PUCCH (therefore conditions in green do not apply) which starts in the same slot 4 (therefore conditions in blue do not apply)
· Interpretation 2: The UE transmits a PUCCH (repeated at both slot 4 and 5) containing SPS HARQ-ACK feedback for only SPS PDSCH 1. 
· Here we assume that the starting point for the HARQ-ACK feedback transmission is the one determined by the corresponding k1 value. In this case, the PUCCH starting at an earlier slot is transmitted as per the rules in blue.
· Interpretation 3: The HARQ-ACK feedback bits from SPS PDSCH 1 and SPS PDSCH 2 belong to two different PUCCHs. The UE does not transmit a PUCCH as this is regarded as an error case as per the rules in green.  

[image: ]
Figure 1: Example of SPS HARQ-ACK feedback of multiple SPS configurations 
and PUCCH repetition operation

Email discussions
2.1	Round 1
Looking at the example from the Figure in the Nokia document,  
[image: ]
Figure 1: Example of SPS HARQ-ACK feedback of multiple SPS configurations 
and PUCCH repetition operation
where there for two SPS configurations with PUCCH repetition over 2 slots, the PUCCH from SPS#1 cannot be transmitted in slot #2 and a PUCCH from SPS #2 cannot be transmitted in slot #3. Based on your understanding of the specifications, what is the UE to transmit in slot 4 & 5 (which are UL slots there): 
Question 1: What is your interpretation of the current specifications in terms of the handling of the example case in Figure 1?
· Alt. 1: The UE transmits a PUCCH (repeated at both slot 4 and 5) containing SPS HARQ-ACK feedback for both SPS PDSCH 1 and SPS PDSCH 2.
· Alt. 2: The UE transmits a PUCCH (repeated at both slot 4 and 5) containing SPS HARQ-ACK feedback for only SPS PDSCH 1. 
· Alt. 3: The HARQ-ACK feedback bits from SPS PDSCH 1 and SPS PDSCH 2 belong to two different PUCCHs. The UE does not transmit a PUCCH as this is regarded as an error case as per the defined rules. 
· Alt. 4: Other
	Alt. 1 – supporting companies
	

	Alt. 2 – supporting companies
	Samsung, ZTE, vivo, OPPO, Nokia/NSB, CATT, LG, Hw/HiSi, Ericsson

	Alt. 3 – supporting companies 
	Qualcomm, Hw/HiSi, Intel, DOCOMO, OPPO, New H3C

	Other
	



Comments: 
	Company
	Comments

	Qualcomm
	In our view, this should be treated as an error case, according to the following rule “A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index”. Therefore, gNB shall make sure that the second PUCCH with HARQ-ACK does not start until the first PUCCH with HARQ-ACK finishes (including potential deferral).  

	HW/HiSi
	Based on the specification, the UE should first apply the DL/UL collision rule to determine the  slots, and then apply the priority rules if any of two PUCCHs are overlapping. We think therefore it should be interpretation 3.

	Samsung
	When a PUCCH is transmitted with repetitions, only earlier PUCCH is transmitted in case of collisions with later PUCCH (same UCI type) – the determination starts from a slot indicated to the UE, regardless of whether or not the transmission occurs.
the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting
if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot

	ZTE
	Share the view of Samsung. The specification is clear for this issue.

	vivo
	Share the view of Samsung. The specification is clear for this issue.

	Intel
	The spec indeed seems to lend itself to both interpretations – Interpretation 2 or 3 as argued above by companies so far.
While Interpretation 3 seems simpler, the consequence is that the gNB has to commit that, in no case, a first repetition of a PUCCH may be deferred by more than a certain number (X) of slots. In practice, this may not be very difficult to ensure for typical deployments and TDD configurations/operations. On the other hand, Interpretation 2 allows more flexibility at gNB side at the cost of increased complications at both UE and gNB – latter, in terms of detecting which PUCCH was actually transmitted by the UE, e.g., if some of the deferrals are caused due to dynamic change of semi-static flexible symbols to DL. 
Thus, Interpretation 3 is preferred in terms of overall trade-off between flexibility vs. complexity.  

	DOCOMO
	Based on the conclusion in RAN1#106-e, both PUCCHs start at Slot 4. Then, this is regarded as an error case as per the rules in green

	OPPO
	In our view, this issue depends on how to interpret the “starting slot of PUCCH”. From the wording “the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE…”, it seems the “starting slot of PUCCH” is the slot which indicated by gNB. From the conclusion in RAN1 #106e, it seems the “starting slot of PUCCH” is the slot in which PUCCH actually starts transmission. So to our understanding, both interpretation 2 and interpretation 3 make sense and we can accept either interpretation 2 or 3.

	Nokia/NSB
	Agree with the explanation by Samsung. 

	CATT
	We share the same understanding as Samsung.

	Moderator for the 2nd round (continuation)

Please continue below
	After round 1, it seems that there is be 6 vs. 5. As pointed out by Intel, in the discussions above, Alt. 3 may be simpler, but has the effect that the PUCCH repetition with SPS with shorter periodicity and potential collisions for TDD may not be practical in the end anymore (.. as UE does not expect – error case), which somehow is not helping URLLC operation with shorter SPS periodicities for TDD systems. 
Let’s continue the discussion below. Suggestions on how to converge on Alt. 2 or Alt. 3 are welcome. 

	LG
	We share similar view to Samsung. Based on the current specification, we think it works, even in bad way. Meanwhile, Alt. 3 actually defines actual PUCCH repetition starting as starting slot for PUCCH repetition procedure, which may need further clarifications and could affect PUCCH repetition on other case, like SR, CSI. 
Thus, we slightly prefer Alt. 2. If Alt. 3 is adopted, it should be clarified that the starting of PUCCH repetition defined by the first one among the Nrepeat slots (determined by semi-static TDD)


	New H3C
	We share similar view with QC and HW .

	vivo
	We support alt 2. We disagree with the following comment
the cost of increased complications at both UE and gNB – latter, in terms of detecting which PUCCH was actually transmitted by the UE, e.g., if some of the deferrals are caused due to dynamic change of semi-static flexible symbols to DL.  
The deferral can only be caused by semi-static DL symbol and SS/PBCH block symbols, for dynamic change of semi-static flexible symbols to DL, the PUCCH repetition is cancelled. So, the deferral is clear for both UE and gNB. In the example shown in figure 1, both HARQ-ACK for SPS PDSCH 1 and SPS PDSCH 2 are deferred to slot 4 and slot 5 based on semi-static TDD configuration. The UE transmits a PUCCH (repeated at both slot 4 and 5) containing SPS HARQ-ACK feedback for only SPS PDSCH 1. And SPS HARQ-ACK feedback for SPS PDSCH 2 are cancelled due to the PUCCH resource overlapping according the following spec. No additional complexity is observed.
If a UE would transmit a PUCCH over  slots and the UE does not transmit the PUCCH in a slot from the  slots due to overlapping with another PUCCH transmission in the slot, the UE counts the slot in the number of  slots.


	HW/HiSi
	For the sake of progress, we are open to reconsider our position and are fine with Alt2 or with Alt 3. I updated the table accordingly.

	Ericsson
	Alt 2.
We share others’ view that existing spec is clear for this particular case.



Question 2: Do you think that: 
· Alt. 1: some change to the specifications would be needed, or 
· Alt. 2: just a related conclusion would be sufficient? 
Please also provide some suggestions (on potential wording for a conclusion, or how /what to change the specifications) in the comments table. 

	Alt. 1 – supporting companies
	Intel

	Alt. 2 – supporting companies
	Qualcomm, HW/HiSi, DOCOMO, OPPO, Nokia/NSB, CATT，ZTE, Samsung, Ericsson

	Other
	



Comments: 
	Company
	Comments

	Qualcomm
	We don’t think spec change is necessary. If anything, a related conclusion will be sufficient. 

	HW/HiSi
	Same view as QC.

	Intel
	As mentioned in response to previous question, it seems the current text needs some clarification, considering the different views across companies. 
Given the apparent ambiguity in the current spec-text, it would be desirable to clarify this in the specs such that it is clear that the second part of the related description is after the UE “determines the  slots for a PUCCH transmission”, that is, something like the following could be considered:
< omitted text>
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If, upon determination of the  slots for multiple PUCCH transmissions, a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
i) -	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
ii) -	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
iii) -	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
< omitted text>
The additional text aims to connect it to the determination of the slots for PUCCH repetition based on rules in clause 11.1 as described in the first part with “For unpaired spectrum, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in clause 9.2.3 for HARQ-ACK reporting”.

	DOCOMO
	Same view as QC and HW/HiSi

	CATT
	We share the same view as QC.

	Moderator
	Based on the first round input, it seems that only a conclusion would be needed. So let’s check next, how the conclusions could be captured. 



So let’s check potential formulations for a conclusion for Alt. 2 and Alt. 3. Please only comment on the correct description, Proposals 4 and 5 are still conditional on the discussion outcome of Question 1!
Mod Proposal 4: If Alt. 2 from Question 1 is to be finally chosen, a related RAN1 conclusion is to be formulated as: 
· Proposed Conclusion: For SPS HARQ and PUCCH repetition, if there is 
· first SPS HARQ-ACK scheduled to be transmitted in PUCCH slot x=n+k1 and is deferred due to a later PUCCH slot based on the PUCCH repetition procedure, 
· and there is second SPS HARQ-ACK information to be transmitted in the same later PUCCH slot with PUCCH repetition, and 
· the second SPS HARQ-ACK is scheduled to be transmitted in a PUCCH after PUCCH slot x, 
· only the first SPS HARQ-ACK information is transmitted in the later PUCCH slot and the second SPS HARQ-ACK information is not transmitted dropped. 
	[bookmark: _Hlk95986447]Companies supporting the description
	ZTE, vivo(with clarification), Samsung (with an update), Intel, CATT

	Do not support – changes to the description needed
	LG, Ericsson



	Company
	Comments 

	ZTE
	According to TS38.213:
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 
< omitted text>
The cyan highlight is the consequence or result to resolve the green highlight, it means if no more than one PUCCH is allowed, the solution is only transmitting the earliest slot.
For the interpretation that the “starting slot of PUCCH”. From the wording “the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE…”, it is clear that the “starting slot of PUCCH” is the slot which indicated by gNB regardless the slot is a valid slot or an invalid slot colliding with DL. The “starting slot of PUCCH” is not always the slot in which PUCCH actually starts transmission. So to our understanding, Alt.2 makes more sense.


	Qualcomm
	Although we do not support Alternative 2/Proposal 4 for the scenario of overlapping SPS HARQ-ACK, but we think that the general issue (i.e., how to determine the starting slot for deferred PUCCH for PUCCH prioritization) also exist for prioritization between CSIs and between SRs. That is, if in the example provided by the moderator, the SPS HARQ-ACKs are replaced by CSI1 and CSI2, or by SR1 and SR2, the same issue would occur. Hence, we support to make a clarification on the general issue. For this general issue for overlapping CSIs and overlapping SRs, our understanding is the same as ZTE/Samsung, that the starting slot used for PUCCH repetition prioritization shall be the slot indicated to the UE (i.e., before the deferral).
As discussed in Round 1 email, for SPS HARQ-ACK, our understanding is that the overlapping case described by the moderator shall be treated as an error case per the following spec:
“A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index” in Section 9.2.3 of TS 38.213.   


	LG
	For our understanding, the prioritization of PUCCH repetition is performed per slot-basis. Therefore, second SPS HARQ-ACK information can be transmitted where the first SPS HARQ-ACK repetition ends. We suggest to change last sub-bullet as following
· only the first SPS HARQ-ACK information is transmitted in the later PUCCH slot and the second SPS HARQ-ACK information is not transmitted in the later PUCCH slot. 


	OPPO
	We share similar view with QC and prefer to make a conclusion for the general issue:
Conclusion:
For collision handling among PUCCH with repetitions, the starting slot of PUCCH is the slot indicated by gNB as described in clause 9.2.3 for HARQ-ACK reporting, or the slot determined as described in clause 9.2.4 for SR reporting or in clause 5.2.1.4 of TS 38.214 for CSI reporting.

	vivo
	We have same understanding as LG, dropping of the second PUCCH only happens in the overlapping slot.

	Moderator
	@QC: based on your explanation above you seem to agree that the starting slot is determined before the deferral. So in that case, why do you then actually think it should be Alt. 3 (error case) and not Alt. 2?
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot

@LG: proposal updated
@OPPO, thanks for point this out – I include related discussions below (Question & Proposal). 

	Samsung
	The only comment in that the second PUCCH (for the second HARQ-ACK) does not have to be with repetitions (e.g. second SPS HARQ-ACK is after a reconfiguration that removes repetitions). In any case, the main aspect is that the “with PUCCH repetition” in the second bullet is unnecessary. 

	Qualcomm2
	@Moderator, all: thanks for the question. In our view, handling of HARQ-ACK is different from handling of SR and CSI. The reason that we think the overlapping of SPS HARQ-ACKs is an error case is due to the following spec in Section 9.2.3 of TS 38.213.
“A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index” 
If we go with Alt 2, we wonder how should we interpret this sentence in the spec? 

Maybe it is also worth clarifying one more thing among the group: if the second SPS HARQ-ACK transmission is changed to a dynamically scheduled HARQ-ACK transmission (see example below, where HARQ-ACK 1 is SPS HARQ-ACK, and HARQ-ACK 2 corresponds to dynamic PDSCH), should the scenario be treated as an error case, or should the UE still follow the repetition prioritization rule in Rel-15, which is to transmit the HARQ-ACK with an earlier starting slot (i.e., transmit the first SPS HARQ-ACK)? If this new scenario is treated as an error case, then which rule are we following, and what’s the difference between overlapping SPS HARQ-ACKs vs overlapping SPS HARQ-ACK + dynamic HARQ-ACK?
[image: ]

	Ericsson
	· The proposed conclusion is very narrow. In our understanding, the same issue exist and the same conclusion applies, as long as one of the SPS is repeated and deferred.
· The conclusion should clarify that the two SPS PDSCH involved may belong to the same SPS configuration, or two different SPS configurations.

	Intel
	As indicated during first round, we acknowledge possible interpretation as per Alt 2, and can accept such interpretation if this is the majority view. 
While we agree with Samsung that the second PUCCH need not be with repetitions for the Proposed Conclusion, our understanding was that in the current context, we are dealing with scenarios with a first and second PUCCHs with repetitions: “If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, …”. 

	CATT
	We support the proposal in principle and also agree with Qualcomm that a general conclusion is more desirable. For the proposal, there is a typo in the first sub-bullet. 
· Proposed Conclusion: For SPS HARQ and PUCCH repetition, if there is 
· first SPS HARQ-ACK scheduled to be transmitted in PUCCH slot x=n+k1 and is deferred due to a later PUCCH slot based on the PUCCH repetition procedure, 
· and there is second SPS HARQ-ACK information to be transmitted in the same later PUCCH slot with PUCCH repetition, and 
· the second SPS HARQ-ACK is scheduled to be transmitted in a PUCCH after PUCCH slot x, 
· only the first SPS HARQ-ACK information is transmitted in the later PUCCH slot and the second SPS HARQ-ACK information is not transmitted dropped. 
For the example from Qualcomm, our understanding is that it is allowed and HARQ-ACK2 in slot n+1 and slot n+2 are dropped same as SPS HARQ-ACK handling. Given that in the end, UE only transmit one PUCCH with HARQ-ACK in a slot, it does not violate the spec text quoted by Qualcomm in our view.

	ZTE
	Share the view with CATT especially for the explanation on example from Qualcomm.



Mod Proposal 5: If Alt. 3 from Question 1 is to be finally chosen, a related RAN1 conclusion is to be formulated as: 
· Proposed Conclusion: For SPS HARQ and PUCCH repetition, the case that a
· first SPS HARQ-ACK scheduled to be transmitted in PUCCH slot x=n+k1 and is deferred due to a later PUCCH slot based on the PUCCH repetition procedure, 
· and there is second SPS HARQ-ACK information to be transmitted in the same later PUCCH slot with PUCCH repetition, and 
· the second SPS HARQ-ACK is scheduled to be transmitted in a PUCCH after PUCCH slot x, 
· is regarded an error case and none of the first or second SPS HARQ-ACK information is transmitted in the later PUCCH slot. 
	Supporting companies 
	Qualcomm (support with modification, see below)

	Do not support – changes to the description needed
	



	Company
	Comments 

	Qualcomm
	We support the proposal in principle, and suggest the following changes. The reason is because, if a scenario is treated as an error case, it is understood that the UE behaviour is left to UE implementation. 
· Proposed Conclusion: For SPS HARQ and PUCCH repetition, the case that a
· first SPS HARQ-ACK scheduled to be transmitted in PUCCH slot x=n+k1 and is deferred due to a later PUCCH slot based on the PUCCH repetition procedure, 
· and there is second SPS HARQ-ACK information to be transmitted in the same later PUCCH slot with PUCCH repetition, and 
· the second SPS HARQ-ACK is scheduled to be transmitted in a PUCCH after PUCCH slot x, 
· is regarded an error case and none of the first or second SPS HARQ-ACK information is transmitted in the later PUCCH slot. 

	LG
	We have similar view to Qualcomm. We are not sure it is necessary to define UE behavior for the error case. We prefer to use current spec description below or just to define it as an error case.
the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority

	OPPO
	We prefer to make a conclusion for the general issue and please see our comment above on proposal 4.

	Moderator
	@QC: proposal updated 
@OPPO: new proposal from OPPO added below with question to clarify

	Samsung
	No comment on the formulation but Alt. 3 is not according to specifications. There is no error case, Rel-15 allows it. Can happen in general for several reasons that a NW cannot control – e.g. TDD configuration and fixed k1 (provided by activation DCI and remains unchanged). The specifications have several statements to address such collisions for all sorts of situations and channels. 

	Ericsson
	· The proposed conclusion is very narrow. In our understanding, the same issue exist and the same conclusion applies, as long as one of the SPS is repeated and deferred.
· The conclusion should clarify that the two SPS PDSCH involved may belong to the same SPS configuration, or two different SPS configurations.

	
	



Qualcomm, above note, that the same may also apply for SR & CSI. So should a potential final conclusion be limited to SPS HARQ only, or should we also include SR & CSI there?
Question 4: A final conclusion should discuss
· Alt. 1: only SPS HARQ-ACK
· Alt. 2: SPS HARQ-ACK, CSI and SR 

	[bookmark: _Hlk95986385]Alt. 1
	

	Alt. 2
	 Qualcomm, HwHiSi, ZTE, OPPO

	Other
	Samsung (Alt. 2 with ‘SPS’ removed), Intel (Alt 2 with “SPS” removed), vivo (Alt 2 with “SPS” removed), OPPO (Alt 2 with “SPS” removed)



	[bookmark: _Hlk95986404]Company
	Comments 

	Samsung
	The specifications also allow for DCI-based HARQ-ACK, in addition to CSI and SR. That is anyway generally applicable with either Alt.1 or Alt.2 because, even for SPS HARQ-ACK, k1 is based on activation DCI.

	Qualcomm
	As discussed above, we support to have a conclusion for all UCI repetitions. 
@Samsung, we wonder how you interpret the following spec in Section 9.2.3 of TS 38.213:
“A UE does not expect to transmit more than one PUCCH with HARQ-ACK information in a slot per priority index.”
In our view, this spec prohibits the gNB to schedule overlapping HARQ-ACK transmissions, for both SPS HARQ-ACK and DCI-based HARQ-ACK.  


	HW/HiSi
	Agree with Qualcomm

	Intel
	As suggested by Samsung, we can generalize this to include dynamically indicated HARQ-ACK as well. 

	vivo
	We think for DCI-based HARQ-ACK, gNB may not have such scheduling. Because if gNB has such scheduling, DCI-based HARQ-ACK (second HARQ-ACK) would be dropped due to the first HARQ-ACK which starts earlier. Since the second HARQ-ACK PUCCH is dropped, there is no more than one PUCCH with HARQ-ACK information to transmit in a slot per priority index.




If so, it seem it could be sufficient now to clarify the definition of the starting slot as suggested by OPPO: 
Proposed Conclusion 5:
For collision handling among PUCCH with repetitions, the starting slot is the PUCCH before deferral, i.e. the starting slot of PUCCH is
· the slot indicated by gNB as described in clause 9.2.3 for HARQ-ACK reporting, 
· the slot determined as described in clause 9.2.4 for SR reporting 
· the slot detemined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
	Supporting companies 
	Samsung, [HwHiSi], Intel, CATT, ZTE, vivo, OPPO

	Objecting companies
	 



	Company
	Comments 

	Qualcomm
	We support the proposed conclusion for CSI and SR. 
For HARQ-ACK (including both SPS HARQ-ACK and DCI-based HARQ-ACK), we think the case of overlapping HARQ-ACK transmissions shall be treated as an error case, and hence no need to clarify the starting slot definition for HARQ-ACK. 

	Hw/HiSi
	One question for clarification (that is why I set the company name in brackets in the above table):
Does “indicated by gNB” only refer to dynamic PDSCH? In that case shouldn’t configured for SPS also be included?   

	ZTE
	For “indicated by gNB”, I am not sure only for dynamic PDSCH. Does the activation DCI can be regarded as indication?

	OPPO
	To our understanding, even for the HARQ-ACK of SPS PDSCH, the slot of PUCCH resource is indicated by gNB, e.g. k1 in the activation DCI.



Summary of first round: Looking at the input received so far, it seems that trying to agree something along the lines of Proposed Conclusion 5 seems the way to go which could fully clarify the issue for HARQ, SR & CSI. Therefore, let’s focus in the remaining time (deadline is tomorrow), if we could get some version along the lines of Proposed Conclusion 5. 

2.2	Round 2
Let’s continue here on some modifications to Proposed Conclusion 5 here, the following updates in red are suggested:
· to clarify the SPS operation (what is scheduled), maybe we could just also use the wording ’determined’ here, which is then clear that the determination for DG PDSCH is based on the scheduling DCI and SPS PDSCH based on the indication in the activation DCI. 

Mod Proposed Conclusion 5:
For collision handling among PUCCH with repetitions, the starting slot of PUCCH is the PUCCH slot before deferral, i.e. the starting slot of PUCCH is
· the slot determined indicated by gNB as described in clause 9.2.3 for HARQ-ACK reporting, 
· the slot determined as described in clause 9.2.4 for SR reporting 
· the slot detemined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
	Supporting companies 
	Samsung, HwHiSi, Intel, CATT, ZTE, vivo, OPPO, Nokia/NSB

	Objecting companies
	 Qualcomm



	Company
	Comments 

	Qualcomm
	We support the proposed conclusion for CSI and SR. 
For HARQ-ACK (including both SPS HARQ-ACK and DCI-based HARQ-ACK), we think the case of overlapping HARQ-ACK transmissions shall be treated as an error case, and hence no need to clarify the starting slot definition for HARQ-ACK. 

	Hw/HiSi
	One question for clarification (that is why I set the company name in brackets in the above table):
Does “indicated by gNB” only refer to dynamic PDSCH? In that case shouldn’t configured for SPS also be included?   

	ZTE
	For “indicated by gNB”, I am not sure only for dynamic PDSCH. Does the activation DCI can be regarded as indication?

	OPPO
	To our understanding, even for the HARQ-ACK of SPS PDSCH, the slot of PUCCH resource is indicated by gNB, e.g. k1 in the activation DCI.

	Moderator – start of 2nd round
	The changes above try to address the comments by ZTE & HW. 

	Nokia/NSB
	We think this conclusion should apply for HARQ of SPS PDSCH as well as DG PDSCH. 

	Qualcomm
	Thanks for the discussion and for the updated proposal. 
We think the group need to clarify the following aspect before converging on the proposed conclusion:
· Is overlapping PUCCH repetitions with HARQ-ACK transmissions (of same priority) starting in differetn slots allowed by the current spec? Is there any difference between SPS HARQ-ACK vs dynamic HARQ-ACK?
As we commented in previous rounds of discussion, in our view, the above is not allowed, and hence there is no need to clarify the starting slot for HARQ-ACK. For SR and CSI, we are fine with the conclusion. 

	Samsung
	To answer the questions from QC, ‘yes’ and ‘no’. No further explanation is needed – more than enough was already provided and the specs are anyway clear. 
Frankly, having this email thread was unnecessary. 

	HW/HiSi
	Thank you for the update. We support the updated conclusion.

	
	

	
	

	
	




2.3	Round 3
Qualcomm by email proposed the following alternative conclusion with the additions in green below. Maybe this could be a compromise here. Please provide your input below: 
Modified Proposed alternative Conclusion (by QC): 
For collision handling among PUCCH with repetitions, the starting slot of PUCCH is the PUCCH slot before deferral, i.e. the starting slot of PUCCH is
· the slot determined indicated by gNB as described in clause 9.2.3 for HARQ-ACK reporting. In case two HARQ-ACK repetitions starting in different slots overlap in one or more slots, the UE may drop the remainder of the HARQ-ACK repetition that starts in a later slot. 
· the slot determined as described in clause 9.2.4 for SR reporting 
· the slot detemined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
	Supporting companies 
	

	Objecting companies
	



	Company
	Comments 

	Qualcomm
	@Samsung, the point of our proposal is to allow the UE to drop the entire HARQ-ACK transmission with repetitions (if any) if it starts later and partially overlap with another HARQ-ACK transmission with repetition. As explained in my previous email, the gNB should configure the repetition factor carefully based on actual channel condition, and if only a subset of repetitions survive the prioritization rule in 9.2.6, it’s very unlikely that they will still be successfully decoded. In this case, we don’t think it’s reasonable to force the UE to waste power and perform some transmissions that the gNB may not be able to decode.  

	Samsung (by email) 
	The following has a couple of problems. 
First, the later of the PUCCHs may or may not be with repetitions (and, strictly speaking, there is no such thing as “HARQ-ACK with repetitions”). 
Second, the UE does not “drop the remainder of the HARQ-ACK repetition that starts in a later slot” (and there is no ‘may’ in the UE behavior). The UE drops only the repetitions (if any) of the later PUCCH transmission that are in same slots as repetitions of the earlier PUCCH transmission.
· In case two HARQ-ACK repetitions starting in different slots overlap in one or more slots, the UE may drop the remainder of the HARQ-ACK repetition that starts in a later slot. 

If something like the above needs to be concluded, it should be as follows. But I think it is unnecessary as the specs are even clearer.
· If a UE would transmit two PUCCHs with HARQ-ACK that start in different slots and the earlier PUCCH is with repetitions, the UE drops transmission of the later PUCCH in every slot where the transmission of the later PUCCH would overlap with a repetition of the earlier PUCCH transmission.


	OPPO
	We share similar view with Samsung that “The UE drops only the repetitions (if any) of the later PUCCH transmission that are in same slots as repetitions of the earlier PUCCH transmission.” This can be deduced from the following spec text highlighted in yellow:
A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot

	ZTE
	Share the same view with Samsung and OPPO. The proposal seems violating the specifications.

	Moderator
	If seems that based on the comments by Samsung / Aris and the relevant parts in the specifications point out by OPPO, some changes would be needed here. 
Moderator update of the proposed conclusion based on the suggested wording by Samsung for Round 4. 




2.4	Round 4
Samsung by email proposed the following alternative conclusion with the additions the additions in blue. Please provide your input below: 
Mod3 Proposed Conclusion Round 4: For collision handling among PUCCH with repetitions, 
· the starting slot of PUCCH is the PUCCH slot before deferral, i.e. the starting slot of PUCCH is
· the slot determined as described in clause 9.2.3 for HARQ-ACK reporting. 
· the slot determined as described in clause 9.2.4 for SR reporting 
· the slot determined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
· if a UE would transmit at least two PUCCHs with HARQ-ACK UCI of same UCI type priority that start in different slots and the earliest PUCCH is with repetitions, the UE drops transmission of a later PUCCH in every slot where both the transmission of the later PUCCH overlap with and a repetition of the earliest PUCCH transmission would be present
· if a UE would transmit at least two PUCCHs with UCI other than HARQ-ACK of same UCI type priority that start in different slots and the earliest PUCCH is with repetitions, the UE drops transmission of a later PUCCH in every slot where the transmission of the later PUCCH would overlap with a repetition of the earliest PUCCH transmission.
	Supporting companies 
	Nokia/NSB, Hw/HiSi, OPPO, ZTE, Spreadtrum, vivo

	Objecting companies
	



	Company
	Comments 

	HW/HiSi
	Regarding the blue text in the updated proposal, we would prefer a common handling of all UCI types. We think it would be better to make a separate bullet of the blue text and apply it all UCI types. For example like the suggestion below. 

MODIFIED Proposed Conclusion Round 4 (based on Samsung suggested changes in blue): 
For collision handling among PUCCH with repetitions, the starting slot of PUCCH is the PUCCH slot before deferral, i.e. the starting slot of PUCCH is
· the slot determined indicated by gNB as described in clause 9.2.3 for HARQ-ACK reporting. 
· If a UE would transmit two PUCCHs with HARQ-ACK that start in different slots and the earlier PUCCH is with repetitions, the UE drops transmission of the later PUCCH in every slot where the transmission of the later PUCCH would overlap with a repetition of the earlier PUCCH transmission.
· the slot determined as described in clause 9.2.4 for SR reporting 
· the slot detemined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
· If a UE would transmit two PUCCHs with UCI of same priority that start in different slots and the earlier PUCCH is with repetitions, the UE drops transmission of the later PUCCH in every slot where the transmission of the later PUCCH would overlap with a repetition of the earlier PUCCH transmission.

	Moderator
	@HW: thanks for the good comments. Sorry I missed the generality of the actual clarification, that should apply to all the cases equally (no need for separate handling). 
Proposed conclusion updated above. 
Only the last modified version visible starting from v041

	HW/HiSi
	Support the modified proposal

	Qualcomm
	Although not our preference, for progress, we can accept this proposal. 

	OPPO
	Support the modified proposal.

	Spreadtrum
	We support the intention, with two clarifications for the last bullet.
1. “If a UE would transmit two PUCCHs with UCI …” would change into “If a UE would transmit at least two PUCCHs with UCI …”, to include more than two PUCCHs cases.
2. “If a UE would transmit two PUCCHs with UCI of same priority that start in different slots and the earlier PUCCH is with repetitions”, from our view, the UCI of same priority means UCI type priority, not HP or LP. So it would be better to clarify it as UCI type priority, which is HARQ-ACK > SR > CSI.

	Moderator
	@QC: Many thanks for being flexible!
Minor final wording change based on the good comments by Spreadtrum. I removed the earlier color coding to only have the final changes visible here (compared to v041)

	Spreadtrum
	Thanks Moderator. We support the conclusion.

	vivo
	We are fine with the modified conclusion.

	Moderator
	Based on comments by Weidong / Apple, there seems to be a need to differentiate what ‘overlap’ means for SR& CSI (overlapping of PUCCH resources) and HARQ-ACK (present in a slot).
Related update in v50 in red

	
	

	
	




Outcome
The following conclusion to clarify the behaviour could be achieved during the discussions in this email thread, with the final discussion using the RAN1 reflector: 
	Conclusion
For collision handling among PUCCH with repetitions with the same UCI type priority,
· the starting slot of PUCCH is the PUCCH slot before deferral, i.e. the starting slot of PUCCH is
· the slot determined as described in clause 9.2.3 for HARQ-ACK reporting.
· the slot determined as described in clause 9.2.4 for SR reporting
· the slot determined as described in clause 5.2.1.4 of TS 38.214 for CSI reporting.
· if a UE would transmit at least two PUCCHs with UCI of same UCI type priority that start in different slots and the earliest PUCCH is with repetitions, the UE drops transmission of a  later PUCCH in every slot where the transmission of the later PUCCH would overlap with a repetition of the earliest PUCCH transmission.
· Note: The related handling of at least two non-overlapping PUCCHs with HARQ-ACK within a PUCCH slot requires further clarification.
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