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1. Introduction

This paper summarizes the following email discussion in RAN1#100-e meeting:
[100e-NR-L1enh_URLLC-UCI_Enh-03] Email discussion/approval on the following:

· Potential extension of K1 value range

· Clarification of K1 unit
by 2/28; if there is a spec impact, endorsing the corresponding TP by 3/3 – Jia (OPPO)
2. Issue 1: K1 value range extension
2.1. Proposals from Tdocs
CMCC thinks the current K1 range is hard to cover various of semi-static configurations when the granularity of K1 changes from slot to sub-slot, especially for the case that the number of sub-slots in a slot is configured to be large, i.e. 7 or even 14 if supported. Take the following semi-static UL/DL configuration with 30kHz SCS and 5ms periodicity for example, if the UL slot is divided into 7 sub-slots, only the HARQ-ACK information related to PDSCHs scheduled in slot 6 and slot 7 can be feedback in slot 8, and the HARQ-ACK information related to PDSCHs scheduled in slot 0 ~ 5 cannot be fed back within 15 sub-slots. Meanwhile only very few PDSCH related HARQ-ACK information can be feedback in slot 9, i.e. PDSCHs scheduled in slot 7. As a result, a lot of PDSCH(s) related HARQ-ACK information would be nowhere to feedback if K1 range is not extended. 
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CMCC proposals:

Proposal 1: The configurable value range of K1 needs to be extended.

Proposal 2: The configurable value range of K1 can be varied according to the configured sub-slot number in a slot.

Spreadtrum proposal:

The configurable value range of K1 does not need to be extended and the maximum size of K1 set is 8.
2.2. Discussion status

And companies input their views as belows:

	Company
	Comments

	Samsung
	Proposal 2 (if understood correctly) - same approach as for determining the indicated region for UL CI can apply (exclude known DL symbols)

	Qualcomm
	We do not support Proposal 1; there is no need to use sub-slot based HARQ-ACK for such configurations as indicated in the example above. For such cases, 7-symbol sub-slot or even slot-based HARQ-ACK should be used.  
 

Proposal 2 is unclear; is it the sub-slot number in a slot or the number of sub-slots in a slot? If it is the latter, it is already supported, i.e., the range of K1 can be configured for each codebook (and effectively for different number of sub-slots per slot) separately. If it is the former, the benefit is unclear.

	CMCC
	Proposal 1: The intention to extend K1 range in the example above is to support multiplexing of eMBB HARQ-ACK and URLLC HARQ-ACK for users with both eMBB traffic and URLLC traffic, i.e. smart distributed power DTU and UAV.
Multiplexing of HARQ-ACK with different priorities is not supported in R16 which would decrease spectrum efficiency, since many eMBB PDSCHs would be retransmitted if eMBB HARQ-ACK codebook is dropped. In this scenario, in order to increase spectrum efficiency as well as ensuring the latency of URLLC traffic, it is expected the same sub-slot configuration is configured for both eMBB and URLLC, and hence eMBB HARQ-ACK and URLLC HARQ-ACK can be multiplexed.

However, to support eMBB service using sub-slot based HARQ feedback, K1 range needs to be extended to cover various TDD configurations. But considering the reliability requirement of PDCCH, we think the corresponding K1 indicator in DCI needn’t to be increased.

 

Proposal 2: This proposal is to reduce overhead of RRC signaling dl-DataToUL-ACK. The current k1 range is 0~15, it needs to be extended to 0~31(16*2-1) if the number of sub-slots in a slot is 2 and 0~111(16*7-1) if the number of sub-slots in a slot is 7.

However, company may have concern about the RRC signaling overhead for configuring k1, so the intention of proposal 2 is reduce RRC signaling overhead by setting the max value of K1 based on the number of sub-slots in a slot, i.e. k1 range is 0~16*number of sub-slots in a slot -1.

 

To Jia: The value range of K1 is 0~(16*number of sub-slots in a slot -1).

	 Nokia, NSB
	On proposal 1, even though we understand the intention,
1.  The benefit of using e.g. 2-symbol sub-slot or even 7-symbol sub-slot seems to be minimum. Taking CMCC’s example, the only PDSCHs that can have the benefit of reduced HARQ-ACK feedback latency from sub-slot-based feedback are the ones transmitted in slot 6 (maybe plus some transmitted in slot 7, depending on the exact timeline), because for all the other slots, slot-based indication would be sufficient already.

2.  For URLLC, we need to guarantee the worse case performance (e.g. 10^-5 reliability within the latency bound). Reducing the HARQ-AKC latency for a very small percentage of the PDSCHs does not really help in achieving the desired URLLC performance, because the system needs to guarantee the performance of the PDSCHs in other slots anyway. So using slot-based HARQ-ACK feedback overall would really impact whether the URLLC performance target can be achieved or not.

Due to these reasons, we do not seem to see much benefit to extend the range of K1. Would be happy to hear any counter arguments, or any factors that we may have missed.

On proposal 2, this requires the agreement on proposal 1.

	 InterDigital
	 Agree with Qualcomm and Nokia. It seems that the scenario would be best addressed with a different slot/sub-slot configuration.

	 Apple
	Agree with Nokia’s argument that the benefits may be limited even in this corner-case scenario.

	Xiaomi
	The examples listed by CMCC maybe a little extreme. If a TDD manner is deployed, a 2-symbol subslot configuration can’t reduce HARQ-ACK feedback delay effectively, since the main delay is caused by the distance between the PDSCH and nearest UL resource. 7-symbol subslot configuration or slot configuration seems a more reasonable choice, and then K1 range extension is not needed.
 

Another concern from us is, if K1 range is extended, are we going to increase the bit width of k1 field in DCI to accommodate the wider K1 range?

	DOCOMO
	For proposal 1,  we share the same view with QC. For such a case given by CMCC, we didn’t see much benefit with such 2-symmbol length sub-slot based configuration. Slot-based HARQ-ACK feedback or 7-symbol length sub-slot based HARQ-ACK feedback can be configured, then HARQ-ACK for more PDSCHs in other slots can be reported. It seems not necessary to extend K1 value range. 
Regarding the proposal 2, it depends on whether support proposal 1. Then proposal 2 is not needed.

	 Intel
	We see benefits from Proposal 1 in terms of addressing the imposed limitations on max K1 value, especially in TDD configurations due to the unavailability of UL symbols to transmit the HARQ-ACK feedback flexibly, and specifically when two sub-slot-based HARQ-ACK CBs are simultaneously constructed. Extension of K1 range can enable more efficient HARQ-ACK multiplexing across multiple service types with different latency/reliability/HARQ-ACK payload requirements.
 

To Nokia’s question, the main usefulness of the Proposal 1 lies in scenarios when the gNB may need to configure both HARQ-ACK CBs as sub-slot-based.

 

However, we think simply extending the range to 0~31 is sufficient, mainly in consideration of 7-symbol sub-slots. Thus, Proposal 2 may not be necessary to optimize RRC signaling (RRC OH does not increase significantly warranting any further optimization).

	vivo
	We understand CMCC’s concern, but the example listed by CMCC is a very corner case. gNB may not choose to configure a such short sub-slot length. We prefer to keep the current k1 value range.

	NEC
	We support Intel’s proposal to extend K1 to (0..31) to better support 7-symbol sub-slot.

	Huawei/HiSilicon
	Based on the inputs from CMCC and Intel, we see some benefits for proposal 1, and we agree with the points from Intel. TDD is a very important scenario for NR, if possible it would be good for us to enable more flexibility for it, especially it seems the effort to support proposal 1 with the extension proposed by Intel is marginal. 

	ZTE
	We think the issue raised by CMCC is valid. In case of DL heavy frame structure (e.g. the example mentioned by CMCC), it is desirable to send both eMBB PUCCH and URLLC PUCCH (e.g. URLLC with high latency tolerance and high reliability requirement) in one UL slot. In such case, sub-slot should be configured so that two PUCCHs (for eMBB and URLLC respectively) can be transmitted in one UL slot. Otherwise, in our understanding, only one PUCCH can be transmitted in one UL slot if both eMBB and URLLC are configured with slot based PUCCH. Therefore, the range of K1 value may not be enough when sub-slot is configured in the case of DL heavy frame structure.
Regarding solution to this issue, we are quite open. Either K1 range extension as proposed by CMCC or excluding known DL symbols as mentioned by Samsung can be considered.

	MediaTek
	We object proposals 1 & 2, there is no justification for K1 value range extension.

	Sony
	We do not support Proposal 1 & Proposal 2.  The whole point of sub-slot PUCCH is to have a fast HARQ-ACK feedback, extending it defeats this purpose.


2.3. Proposals from the discussion
Although some companies elaborated their considerations on the issues, they could not convince the majority. 
Proposal:
No change of specs is needed for this issue.
3. Issue 2: Correction for sub-slot level K1
3.1. Proposals from Tdocs

Ericsson notes that although the agreement states that K1 is between DL sub-slot and the UL sub-slot, the specification considers K1 as the time duration between DL slot and the UL sub-slot. And proposes to Update the TS 28.213 texts related to sub-slot configuration to comply with the RAN1 agreement and eliminate confusion.
 
	TS 38.213 V16.0.0 Section 9
In the remaining of this Clause, if a UE is provided subslotLength-ForPUCCH, a slot for an associated PUCCH transmission includes a number of symbols indicated by subslotLength-ForPUCCH.
 …
…
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot n or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending
in slot n , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot n + k , where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if
present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2.
 


 
3.2. Discussion status

Companies input their views as belows.

	Company
	Comments

	 Samsung
	No change needed – reference is relative to PUCCH ‘slots’. PDSCH slot is irrelevant (Rel-15 can also have different UL/DL SCS – e.g. PUCCH slot with higher SCS than PDSCH slot is like ‘sub-slot‘ to the PDSCH slot).

	 CATT
	 Agree with Samsung’s understanding.

	 Nokia, NSB
	Even though we have some sympathy on Ericsson’s concern, given that there is a similar issue in Rel-15 already, we do not have a very strong view one way or another. But could be good to at least have a TP available for discussion so that both options on the table are complete.

	 Apple
	 Agree with Samsung

	 DOCOMO
	It would be better to add a clarification and remove the ambiguity.
E.g.,where k is a number of sub-slots from the end of PDSCH to the start of PUCCH for HARQ-ACK for the PDSCH and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format if the UE is provided subslotLength-ForPUCCH

	 Intel
	Similar view as Nokia.

	vivo
	Agree with Samsung

	Huawei/HiSilicon
	Considering similar issue exists in Rel-15 already, probably ok with no change. However, it would be good if we can make it clear, which may depend on the available TP for discusion.

	ZTE
	Agree with Samsung

	MediaTek
	Agree with Samsung’s view, no need for the TP.

	Sony
	Agree with Samsung.


3.3. Proposals from the discussion

Since the proponet did not provide TP for this issue, it can be revisited in the next meeting.

Proposal:
Continue discussion if needed. Companies are encouraged to provide TP if you think the specs need to be changed.
4. Issue 3: Enabling slot and sub-slot operation under one HARQ-ACK codebook
4.1. Proposals from Tdocs

LGE thinks that, for some gNB, it can be considered that gNB only operates one HARQ-ACK codebook but still wants to allow both slot and subslot based codebook construction, which is not possible currently. Also in case gNB configures one HARQ-ACK codebook with 2 symbol subslot and another HARQ-ACK codebook with 7 symbol subslot, slot-based timing between PDSCH and HARQ-ACK cannot be used.
LGE proposal: 
The following can be considered:

· Option 1: For a HARQ-ACK codebook configured with subslotLength-ForPUCCH, the number of entries and starting index (or set of entry indices) of dl-DataToUL-ACK for slot-based timing can be configured. 

· Option 2: For each entry of dl-DataToUL-ACK, both the value and its unit (slot/subslot) can be configured.

4.2. Discussion status

And companies input their views as belows:

	Company
	Comments

	Samsung
	 No need, especially at this stage. Motivation/benefit are unclear and have not been previously discussed.

	 Qualcomm
	 The benefits are unclear.

	 CATT
	 Agree with Samsung and Qualcomm that the benefit is unclear.

	 Nokia, NSB
	Do not see the need. This will also have large specification impact, which should not be introduced at this stage. 

	 InterDigital
	Agree with companies above. 

	 Apple
	 See no need for the feature.

	Xiaomi
	 Agree with companies above.

	DOCOMO
	No need to support the proposals. The benefit is not clear and it will complicate the HARQ-ACK codebook construction.

	 Intel
	Agree with above comments that the proposal does not seem necesary.

	vivo
	No need to support the proposal

	Huawei/HiSilicon
	Probably good to elaborate more on the motivations.

	ZTE
	Agree with Samsung

	Spreadtrum
	Agree with Samsung

	MediaTek
	No need, there is no clear benefits for the change.

	Sony
	It is unclear why the gNB configures a UE with one HARQ-Codebook if it wants the UE to do both sub-slot and slot based PUCCH. The motivation isn’t clear. 


4.3. Proposals from the discussion

Although some companies elaborated their considerations on the issues, they could not convince the majority. 
Proposal:
No change of specs is needed for this issue.
5. Issue 4: K1 unit indication:
5.1. Proposals from Tdocs

Xiaomi thinks we have not specify how can a UE determine the k1 configured/indicated is in unit of slot or sub-slot.
Xiaomi proposal:

Proposal 2: The k1 for a DL SPS configuration which is configured HARQ-ACK codebook with higher priority is corresponding to sub-slot unit, otherwise, k1 is in slot unit.

Proposal 3: The k1 for a dynamically scheduled PDSCH which is indicated HARQ-ACK codebook with higher priority is corresponding to sub-slot unit, otherwise, k1 is in slot unit.

5.2. Discussion status

Companies input their views as belows.

	Company
	Comments

	Samsung
	This can be discussed together with other RRC configurations aspects – otherwise, a mapping of priority to sub-slot/slot is needed (when there is slot-based and sub-slot-based PUCCH resource configuration).

	 Qualcomm
	The issue is unclear (would be good to clarify.) In our understanding, the unit of K1 is given based on the granularity of the HARQ-ACK codebook (i.e., slot-based, 2-symbol sub-slot based or 7-symbol sub-slot based.)

	 CATT
	According to our understanding, a HARQ-ACK codebook is configured for a SPS configuration. And a HARQ-ACK codebook is associated via e.g same priority with a PUCCH-config with K1 granularity configuration.

	 Nokia, NSB
	We share the same understanding as CATT, so it should be clear for SPS whether K1 granularity is slot or sub-slot.
In addition, it is unreasonable to assume that high priority HARQ-ACK should always use sub-slot-based feedback. So we don’t agree with the two proposals.

	 InterDigital
	 Same understanding as CATT and Nokia.

	Apple
	 Agree with CATT. Do not think the proposals are needed. 

	Xiaomi
	 We can give an example to illustrate what’s in our mind for the proposal. A UE can be configured two PUCCH-Config, for example one is slot-based and one is 7-symbol subslot-based. Notice that we had an agreement that a PUCCH resource is not going to cross the slot boundary, so once aPUCCH-Config is set for 7-symbol subslot, we can not easily reconfigure it to 2-symbol subslot. If we want a 2-symbol subslotPUCCH-Config, we have to configure the corresponding PUCCH resources from scratch.
When a UE is scheduled a PDSCH and indicated a HARQ-ACK priority=0(low), then the PUCCH resource from the slot-based PUCCH-Config is going to be used for HARQ-ACK. So the k1 value in the scheduling DCI is in slot unit. When a UE is scheduled a PDSCH and indicated a HARQ-ACK priority=1(high), then the PUCCH resource from the 7-symbol subslot-based PUCCH-Config is going to be used for HARQ-ACK. So the k1 value in the scheduling DCI is in 7-symbol subslot unit.
 
From the above views of other companies, I guess maybe they have a different picture in mind. For example, a UE can be configured 3PUCCH-Config, slot-based, 7-symbol subslot-based and 2-symbol subslot-based for each. Then the UE is configured with 2 HARQ-ACK codebook, and for each HARQ-ACK codebook, it can be associated with aPUCCH-Config it is going to use. So the k1 unit is dependant on the PUCCH-Config associated with the HARQ-ACK codebook.
 
From our opinion, both the solutions above are feasible. It really depends on how the RRC configuration is going to be structured. We are not mean to stick to our proposals and just want to make the issue clear.

	DOCOMO
	We share the same view with CATT and Nokia. The proposals are not needed.
Based on our previous agreements, it is clear to us that second solution in Xiaomi’s comments is used to determine the K1 unit. But I’m confused that whether a UE can be configured 3 PUCCH-Config.

	 Intel
	The proposal is not necessary. Agree with the comments from Qualcomm, CATT, and Nokia.

	vivo
	We share the same view withQualcomm, CATT, and Nokia.

	Huawei/HiSilicon
	Based on what Xiaomi explained above, it looks to us that the proposal is not needed. As long as the corresponding HARQ-ACK CB is determined, the PUCCH-config associated with the HARQ-ACK CB is clear also, then the granularity of the K1 can be determined according to the presence and/or the value of thesubslotLength-ForPUCCH in the corresponding PUCCH-config. Not sure if we missed Xiaomi’s point.

	ZTE
	The proposal is not needed. The granularity of K1 is clear when the HARQ-ACK codebook is configured.

	MediaTek
	Not needed. There is no ambiguity regarding the granularity of K1.

	Sony
	Share same view with Huawei.  Judging from Xiaomi’s explanation there is really no ambiguity on K1’s granularity.


5.3. Proposals from the discussion

Although some companies elaborated their considerations on the issues, they could not convince the majority. 
Proposal:
No change of specs is needed for this issue.
6. Conclusions
No change of specs is needed for the issues addressed in this email discussion.
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