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Introduction
In RAN1#112 meeting, the following contribution is submitted. As guided by the Chairman, this contribution provides a summary to collect inputs on the issues as well as solutions.
R1-2301383	Discussion on an issue for Type1 HARQ-ACK CB with more than one PDSCH per slot	Qualcomm Incorporated
To be moderated by Mostafa (Qualcomm)

Discussion 
[bookmark: _Hlk54027001]In R1-2301383, the following two observations were made with respect to the existing Type1 HARQ-ACK CB generation (dependency on whether UE indicates a capability to receive more than one unicast PDSCH per slot) as well as three issues with the existing spec as below:

Observation 1: The existing Type1 HARQ-ACK CB generation procedure as well as the CB size is a function of whether UE indicates a capability to receive more than one unicast PDSCH per slot or not.   
Observation 2: The following issues exist for the existing Type1 HARQ-ACK CB generation procedure with respect to determining the “if /else” condition in the pseudocode 
· Issue 1: There is an ambiguity wrt “capability to receive more than one unicast PDSCH per slot” is referring to which UE capability exactly.
· Issue 2: There is an ambiguity wrt “capability to receiving more than one unicast PDSCH per slot” should be assumed for which CC/band in a CA configuration.
· Issue 3: Network has no way to enable / disable the capability of receiving more than one PDSCH per slot, i.e., even when the network does not intend to use this capability, this issue results in unnecessary large Type1 HARQ-ACK CB size. 

[bookmark: OLE_LINK395]Question 1:
Do you agree with the two observations above? Specifically, do you agree with the listed issues in the existing specification for Type1 HARQ-ACK CB generation?
	Company
	Yes/No
	Comment

	QC
	Yes
	

	Huawei, HiSilicon
	Yes
	

	Samsung
	No (Observation 2)
	For issue 1, if at least one of UE capabilities reports provides “more than one unicast PDSCH per slot” then “else” condition should be applied in the pseudo code. Thus, there is no ambiguity in the current specification.
For issue 2, Type-1 HARQ-ACK codebook is constructed separately for each serving cell, it is straightforward to interpret the capability of the serving cell.
For issue 3, Type-1 HARQ CB size is based on TDRA configuration. Proper TDRA configuration can help reduce the size. Thus, it is not true that “Network has no way to enable / disable the capability of receiving more than one PDSCH per slot”. 

	MTK
	
	Issue 1, 2: We tend to agree with Samsung that there is no ambiguity in current spec, but we can understand to determine the CB size based on multiple UE capabilities does not seem like an efficient way.

	vivo
	Yes
	

	Spreadtrum
	No
	Issue 1: No ambiguity. If any FG is reported, it is else condition.
Issue 2: No ambiguity. It is clear which cell is reported for the supportive of multiple PDSCH per slot according to the capability.
Issue 3: OK, we are open for further enhancement.

	Apple
	See comments
	Observation 1: yes
Observation 2: we tend to say No. 
Issue 1: We agree that spec has not specified which capability serves “if/else” condition for constructing semi-static CB, but in the lack of such specification any of existing capabilities does the job. We are open to clarify this issue, if any.
Issue 2: No, similar view as Samsung. UE assumes more than one PDSCH per slot for all serving cells within the band of BC, which UE indicated to be capable of receiving more than one PDSCH per slot (any of existing capabilities can be used for this purpose)
Issue 3: it is well known that Type-1 CB comes with higher reliability at the cost of more overhead. We are open to discuss this issue.
BTW, we think this is more like enhancement to manage Type-1 CB size (which is not really needed), rather than a CR. 




To address the issues, R1-2301383 proposes the following:
Proposal 1: For the issue of determining the “if / else” condition in Type1 HARQ-ACK CB generation:
· No change to Rel-15/16 UEs.
· Starting from Rel-17, introduce a new RRC parameter that indicates the maximum number of PDSCHs per slot.
· This RRC parameter can be configured per CC.

Question 2:
Q2-1: Do you agree with introducing a new RRC configuration to address the issue?
Q2-2: Do you agree that this change can be introduced starting from Rel-17 given that introducing a new RRC param may be too late for Rel-15 or Rel-16?
Q2-3: If you agree with introducing a new RRC configuration, please share further details such as: Whether the new RRC param should be configured per CC, and other details on this RRC configuration.
Q2-4: Please share other inputs such as the need for a new UE capability (i.e., UE that can understand the new RRC configuration) or how to address the backward compatibility from gNB point of view.
	[bookmark: OLE_LINK405]Company
	Comment

	[bookmark: _Hlk116305834]QC
	Q2-1: Yes. 
Q2-2: Yes.
Q2-3: We think the max number of PDSCHs per slot can be configured by RRC. This new RRC configuration can be per CC.
Q2-4: Yes, a new UE capability is needed. Furthermore, if this new RRC param is not configured, the legacy text can be applied. In other words, considering the backward compatibility at both the UE side and the network side, the following three behaviours are needed:
· Behaviour 1: If the new RRC param is not configured, legacy text applies (for both “if” and “else” conditions)  legacy UE (UE does not indicate the new capability) or legacy gNB (gNB does not configure the new RRC).
· Behaviour 2: If the new RRC param is configured and it indicates max number of PDSCHs per slot for the CC is one, the “if” condition in Type 1 HARQ-ACK CB generation pseudo-code applies  Both gNB and UE implement this fix
· Behaviour 3: If the new RRC param is configured and it indicates max number of PDSCHs per slot for the CC is larger than one, the “else” condition in Type 1 HARQ-ACK CB generation pseudo-code applies  Both gNB and UE implement this fix.


	Huawei, HiSilicon
	Q2-1: Yes. 
Q2-2: Yes.
Q2-3: A new Rel-17 RRC parameter can be provided to indicate whether type-1 HARQ-ACK CB is based on “if” condition (1 bit for this slot) or the “else condition” (the number of HARQ-ACK bits is derived based on a procedure with a dependency on SLIV configuration for that slot). This new RRC configuration can be per CC.

if the UE does not indicate a capability to receive more than one unicast PDSCH per slot and , 
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;
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Q2-4: We agree with QC that a new UE capability can be introduced to solve the backward compatibility. However, as we replied for Q2-3, the new UE capability should not indicate the “max number of PDSCHs per slot for the CC” but rather the capability to apply the “else condition”. 
· Behaviour 1: If the new RRC param is not configured, legacy text applies (for both “if” and “else” conditions)  legacy UE (UE does not indicate the new capability) or legacy gNB (gNB does not configure the new RRC).
· Behaviour 2: If the new RRC param is configured and it indicates that the “if” condition in Type 1 HARQ-ACK CB generation pseudo-code should be applied  Both gNB and UE implement this fix
· Behaviour 3: If the new RRC param is configured and it indicates that the “else” condition in Type 1 HARQ-ACK CB generation pseudo-code should be applied  Both gNB and UE implement this fix.

	Samsung
	Q2-1: NO. 
Q2-2: NO.
We have concerns on introducing RRC parameter with the following reasons. 
1) Current type-1 HARQ CB provides the mapping between HARQ-ACK CB bit location and TDRA index. If RRC parameter is introduced, this mapping rule cannot simply be reused. Thus, it needs much more specification update in order to define new type-1 HARQ CB mapping rule. For example, gNB configures the maximum number of PDSCHs per slot is 2 but configures 3 non overlapping SLIVs. Which two SLIVs should be included in the codebook?
Instead of configuring RRC parameter for the max number of PDSCHs in a slot, the same result can be achieved via configuring proper TDRA set. 

	MTK
	If there is no previous RAN1 agreement to support this proposal, it looks more like an enhancement rather than a CR. If all other companies are fine to enable an enhancement in CR discussion, then we are open to discuss.
At the same time, we think at least one new UE capability (as mentioned in Q2-4) to indicate UE can understand the new RRC configuration is needed.

	vivo
	Q2-1: Yes. 
Q2-2: Yes.
For Q2-3 and Q2-4, Samsung has a valid point that if RRC parameter indicate the maximum number of PDSCHs per slot, it may have impacts on the Type1 CB construction. We think HW’s proposal is more workable.  

	Spreadtrum
	Q2-1: Yes. 
Q2-2: Yes.
Q2-3: No, Huawei’s suggest is preferred. 
Q2-4: Yes, new UE capability needs to discuss.  

	Apple
	As mentioned in Q1, we think this is more like enhancement to manage Type-1 CB size (which is not really needed), rather than a CR.
Q2-1: No, new RRC parameter should just serve as on/off for the if/else condition. It cannot indicate number of PDSCHs per slot per CC (that’s already given by TDRA)
Q2-2: We don’t see change is needed. It’s more like an enhancement not a correction
Q2-3: ideally, to manage the CB size, new RRC param should be defined per CC. But a single parameter to on/off feature should also work. An alternative solution which needs no spec change can be achieved by proper TDRA configuration (although at the cost of less scheduling flexibility).
Q2-4: in addition to new RRC parameters, a new capability should be defined to indicate UE understands and applies new RRC parameters, and that’s another issue with this non-essential enhancement 






Outcome of discussions
Views are summarized below:
· Is there an issue with existing spec:
· Yes: QC, Huawei / HiSilicon, MTK (not efficient), vivo, Spreadtrum (only issue 3)
· No: Samsung, Apple
· Support to introduce a new RRC param in Rel-17:
· Yes: QC, Huawei / HiSilicon, MTK (may not be maintenance), vivo, Spreadtrum
· No: Samsung, Apple
· Support to introduce a new UE capability in Rel-17:
· Yes: QC, Huawei / HiSilicon, MTK, vivo, Spreadtrum, Apple (if new RRC is introduced)
· No: Samsung

Proposal: Support to introduce one RRC parameter in Rel-17 related to the condition of “receiving more than one unicast PDSCH per slot” in Type1 HARQ-ACK CB generation.
· A UE capability is introduced which indicates UE supports receiving this new RRC parameter.
· The new RRC parameter can be configured per CC:
· If the new RRC parameter is not configured, the legacy text in 38.213 Section 9.1.2.1 applies
· If the new RRC parameter is configured and indicates no possibility of receiving more than one PDSCH per slot, the procedures of the “if” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
· If the new RRC parameter is configured and indicates the possibility of receiving more than one PDSCH per slot, the procedures of the “else” condition in 38.213 Section 9.1.2.1 are applicable for Type1 HARQ-ACK CB generation.
Sent an LS to RAN2 for introducing the new RRC parameter and new UE capability in Rel-17.
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