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Introduction
This is the summary of the contributions in response to RAN2 LS in R1-2306382 on K2 indication for multi-PUSCH. The relevant contributions are listed in reference section.


Discussion

In RAN2 LS [1], the following three questions were asked by RAN2, with some backgrounds and relevant RAN2 CRs [2], [3] (which are also captured in Appendix).

	RAN2 has discussed the RAN1 request in RAN2#121bis-e and RAN2#122. An RRC CR in the attached R2-2305047 shows how the requested changes can be implemented in 38.331 along with other clarifications to the field descriptions of the associated IEs.

While discussing the changes requested by the RAN1 LS, RAN2 has observed the following problem: If Rel-17 also supports contiguous multi-PUSCH, the requested change in the LS R1-2302144 makes it optional for the gNB to configure extendedK2-r17 to the n-th PUSCH when n > 1 for Rel-17 contiguous multi-PUSCH. Then, it is not clear how the UE can determine extendedk2-r17 when it is not configured by the gNB in Rel-17. This is due to the fact that the need code of extendedk2-r17 is “NEED S”, meaning that the UE action when the field is absent needs to be specified in RRC. 

Before agreeing to any RRC CR on this issue, RAN2 would like RAN1 to provide some clarifications :
1. In the LS R1-2302144, it is mentioned that Rel-16 supports Type-1 contiguous multi-PUSCH while Rel-17 supports Type-2 non-contiguous multi-PUSCH. However, as mentioned in the above observed problem, RAN2 assumes that Rel-17 can also support contiguous multi-PUSCH. Can RAN1 confirm if this assumption is correct?
2. One suggested solution to the observed problem above is shown in the attached RRC CR R2-2305114. Can RAN1 confirm whether this is a feasible option?
3. Another solution to the observed problem above is not to implement the changes requested in LS R1-2302144. This will keep configuration of extendedK2-r17 mandatory in ASN.1 for Rel-17 multi-PUSCH, irrespective of whether they are contiguous or non-contiguous; meanwhile a Rel-16 UE will continue using k2-r16 for Rel-16 multi-PUSCH. Can RAN1 comment on whether this is acceptable?



The above three questions will be discussed one by one in the following sections.


Q1: Support of contiguous multi-PUSCH in Rel-17

	Company
	Views

	[4] vivo
	RAN1 Answer: Yes, it is correct.


	[5] ZTE
	Answer to Question 1: Yes, RAN1 confirms that contiguous multi-PUSCH scheduling is also supported in Rel-17 in addition to non-contiguous multi-PUSCH scheduling.


	[6] Ericsson
	Proposal 1: RAN1 confirms that the RAN2 assumption in Question 1 is correct.


	[7] NTT DOCOMO
	For the first question, yes, we believe a Rel-17 UE can support both Type 1 and Type 2 multi-PUSCH scheduling.

[RAN1] Yes, RAN1 confirms that a Rel-17 UE can support both multi-PUSCH scheduling supported in Rel-16 and Rel-17


	[8] Samsung
	Answer) Yes. We think there are no restrictions on extenedK2 configuration. It means that the Rel-17 multiple PUSCHs by extendedK2 can be scheduled in consecutive slots or non-consecutive slots. More importantly, Rel-17 multiple PUSCHs by extendedK2 can be scheduled in the same slot (for example, two PUSCHs have the same value of extendedK2 but different SLIVs), which is not supported in Rel-16 multi-PUSCHs scheduling by k2-r16 value. 

Proposal 1. RAN1 can confirm Rel-17 multi-PUSCH can be consecutive or non-consecutive 


	[9] LG Electronics
	RAN1’s response: RAN1 confirms that RAN2’s assumption is correct.




[Moderator’s note] It is observed that all companies agreed that RAN2’s assumption is correct. Thus, the following proposal can be made.

Proposal #1 (Response to Q1):
· The following response to Question 1 in RAN2 LS (R1-2306382) is agreed:
· Yes, RAN1 confirms that Rel-17 can support contiguous multi-PUSCH as well as non-contiguous multi-PUSCH.

Companies are encouraged to provide views on Proposal #1.
	Company
	Views

	NTT DOCOMO
	Agree. 

	Huawei, HiSilicon
	Technically, using extendedK2-r17 can support contiguous resource allocation. However, whether it should be used for contiguous allocation may need clarify. At least in FR2-2, we think extendedK2 can be used for both contiguous and non-contiguous allocation as defined in the FG24-1e, FG24-4a and FG24-5a.

As for 120kHz SCS in FR2-1, either k2-r16 and extendedK2-r17 can be used for contiguous allocation. Considering k2-r16 has lower signalling overhead and can be used for 60kHz SCS, we think it should be used for contiguous allocation. Maybe we can restrict the use of extendedK2-r17 only for non-contiguous allocation as defined in FG24-1g.  
 

	Ericsson
	Agree with response proposed by moderator

Contrary to HW’s comments, we don’t think it is necessary to modify the FGs to introduce restrictions.

	vivo
	Support the proposal

	Xiaomi
	We have some question about “contiguous multi-PUSCH”. Does it mean, multiple PUSCH are scheduled by one DCI, and the multiple scheduled PUSCH are within the same one slot? We do not think this is the case, because we have the following agreement. And from theagreements， it seems “contiguous multi-PUSCH” is only possible for SCS=120kHz and UE capability allows. It is not supported by SCS=480/960kHz
Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots, by configuring {SLIV, mapping type, scheduling offset K0 (or K2)} for each PDSCH (or PUSCH) in the row of TDRA table.
· Note: Whether and how to reduce RRC overhead is left to RAN2.
 Agreement:
For single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
Agreement
· For multi-TRP operation, for 480/960 kHz SCS, 
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs, from the same TRP.
· Note: This does not preclude a UE being scheduled with two PDSCHs (or two PUSCHs) in the same slot from two different TRPs for multi-DCI based multi-TRP mechanism.
Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.


	Moderator
	
@ Xiaomi,
Thanks for the comments.
From my understanding, “contiguous multi-PUSCH” implies that there is no gap between adjacent PUSCHs in case where multiple PUSCHs are scheduled by a single DCI. As you pointed out, if a UE does not support more than one PUSCH in a slot, gNB will schedule a single PUSCH within a slot, as Case 1 or 3 in the Figure 1 in Section 2.2.
Hope it clarifies what “contiguous multi-PUSCH” means.


	
	




Q2: Feasibility of RAN2 CR (R2-2305114)

	Company
	Views

	[4] vivo
	RAN1 Answer: No, it is not a feasible solution. For contiguous multi-PUSCH, RAN1 only specifies two indication methods: 1) k2-16 is present to indicate K2 of the first PUSCH while extendedK2-r17 is absent for all n; 2) extendedK2-r17 is present for all n to indicate K2 of each PUSCH that results in contiguous multi-PUSCH. According to the attached RRC CR R2-2305114, it implies another method that is not discussed or agreed in RAN1, i.e., extendedK2-r17 is present for part of n (e.g., the first PUSCH) while absent for other n. From RAN1 point of view, there is no motivation to allow such complex indication.


	[5] ZTE
	Answer to Question 2: From RAN1 perspective, this solution is feasible for SCS 480kHz and 960kHz since the yellow highlighted part of the following agreement is achieved in RAN1#106b-e meeting. However, it may not be feasible for SCS 120kHz due to there is no such conclusion and discussion in RAN1, which means multiple PUSCHs scheduled in a slot is also allowed in addition to each of multiple PUSCHs is scheduled in a slot.

	Agreement:(RAN1 #106b-e meeting)
For single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one unicast PDSCH in a slot, by a single DCI or multiple DCIs.
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.




	[6] Ericsson
	Proposal 2: RAN1 confirms that the RAN2 solution described in Question 2 (i.e., changes captured in RAN2 CR R2-2305114) is feasible, and is consistent with RAN1 specifications (38.214 Section 6.1.2.1), assuming Change #3 of the RAN2 CR R2-2305047 is adopted by RAN2.


	[7] NTT DOCOMO
	For the second question, while we agree the potential CR in R2-2305114 (copied below) would work, it is not clear to us whether the direction in the CR is aligned with RAN1 understanding. If CR in R2-2305114 is applied, then it seems the result is always per-slot PUSCH allocation. However, in Rel-16 NR-U multi-PUSCH scheduling and Rel-17 multi-PUSCH scheduling for PUSCH SCS of 120kHz SCS, that is a reference in this discussion in our understanding, PUSCH resource allocation in time domain may or may not be per-slot, depending on SLIV configuration for each PUSCH. Thus, more discussion in RAN1 may be necessary. From RAN1 point of view, the intention when extendedK2-r17 is NOT configured would be to fully reuse Rel-16 NR-U method, that is clearly available in both RAN1 and RAN2 specifications already. Thus, after endorsing RAN1 proposed CR on MultiPUSCH conditional presence, we think any further change on RAN1 specification or RAN2 specification seems not essential.

[(FFS) RAN1] Yes, RAN1 also confirms that a way forward in R2-2305114 would work. Meanwhile, the proposed direction (i.e., PUSCH allocation in this case is always per-slot) may not be well aligned with RAN1 understanding, since the restriction of single PUSCH in per-slot is only for 480/960kHz SCS according to RAN1. From RAN1 point of view, when extendK2-r17 is not configured, the behaivour should be the same as for Rel-16 multi-PUSCH scheduling, where contiguous PUSCH allocation by proper configurations for k2 and SLIVs. 


	[8] Samsung
	Answer) The proposed RAN2 CR is feasible only for 480kHz SCS and 960kHz SCS, where only one PUSCH can be scheduled in a slot. However, for 120kHz SCS, since more than one PUSCHs can be scheduled, the proposed RAN2 CR is unclear. So, we may add the following clarification:
If multiple contiguous PUSCHs in a contiguous slots are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1

Proposal 2. RAN2 CR is not clear for 120kHz SCS, where multiple PUSCHs can be scheduled in a slot. To be clear, the following clarification can be considered 
If multiple contiguous PUSCHs in a contiguous slots are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1


	[9] LG Electronics
	RAN1’s response: RAN1 confirms that CR R2-2305114 is a feasible option.


	[10] Huawei
	Proposal 1: In FR2-2, if a row indicates resource allocation of more than one PUSCH, K2 value for each PUSCH is only provided by extendedK2-r17 for both contiguous and non-contiguous allocation. 

	Conditional Presence
	Explanation

	MultiPUSCH
	In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n in FR2-2, or in FR1 and FR2-1 if any two PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.



Proposal 2: In FR1 (FG55-3) and FR2-1(FG24-1g), extendedK2-r17 is only used for multi-PUSCH scheduling with non-contiguous allocation. K2-r16 is used for contiguous allocation. 




[Moderator’s note] As shown in Figure 1 below, there could be three cases of multi-PUSCH scheduling for which multiple PUSCHs are allocated to consecutive slots.
· Case 1: Non-contiguous multi-PUSCH scheduling
· Case 2: Contiguous multi-PUSCH scheduling where more than one PUSCH can be allocated to each slot
· Case 3: Contiguous multi-PUSCH scheduling where only a single PUSCH is allocated to each slot

[image: ]
Figure 1. Examples of contiguous and non-contiguous multi-PUSCH allocation

It is noted that Cases 2 and 3 are supported for Rel-16 multi-PUSCH scheduling and all cases are supported for Rel-17 multi-PUSCH scheduling.
It is also noted that for Case 1, extendedK2-r17 should be present since it corresponds to non-contiguous multi-PUSCH, while for Cases 2 and 3, extendedK2-r17 is optionally present since it corresponds to contiguous multi-PUSCH, based on RAN2 CR in R2-2305047 [2], as captured below.
	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH, or when the field is absent and only one PUSCH is configured per PDCCH, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz. If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.



However, three companies (ZTE, NTT DOCOMO, and Samsung) pointed out that RAN2 CR in R2-2305114 [3] can support Case 3 but it cannot support Case 2 as the corresponding CR assumes “slot-wise” contiguous multi-PUSCH.
On the other hand, when we take a close look at the added sentence in red texts above, it says “… corresponding to k2 of the PUSCHs in the n-th slot …” meaning there can be more than one PUSCH in the n-th slot. Admittedly, they probably should have written “PUSCH(s)” to be most accurate, but that is a small detail. Therefore, using Case 2 example in Figure 1 and using the red text in the RAN2 CR, we have:

· PUSCH#1: n = 1
· PUSCH#2 and #3: n = 2
· PUSCH#4: n = 3

So, for example, if the DCI is received in slot 0 and the k2 of the first PUSCH is m, then according to the RAN2 CR, the k2 values for the remainder of the PUSCHs is calculated as follows:

· PUSCH#1: k2 = m + n – 1 = m
· PUSCH#2 and #3: k2 = m + n – 1 = m + 2 – 1 = m + 1
· PUSCH#4: k2 = m + n – 1 = m + 3 – 1 = m + 2

These are the correct k2 values for all PUSCHs in Figure 1 Case 2.

The only thing that is not quite accurate in the RAN2 CR is that if there is more than one PUSCH in the same slot as the first PUSCH (i.e., slot n = 1), then RAN2 should have added a few more words. In that sense, we can suggest the following change with blue texts in the reply LS:
	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH, or when the field is absent and only one PUSCH is configured per PDCCH, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz. If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCH(s) in the n-th slot, n>1, or the PUSCH(s) except the first PUSCH in the first slot (n=1), is absent, the UE applies k2 of the first PUSCH plus n-1.



Proposal #2 (Response to Q2):
· The following response to Question 2 in RAN2 LS (R1-2306382) is agreed:
· From RAN1’s understanding, the solution in R2-2305114 is feasible in most cases for contiguous multi-PUSCH scheduling but it doesn’t seem to cover the following cases, where
· a single PUSCH is allocated in the n-th slot, n>1, and
· more than one PUSCH is allocated in the first slot.
· To incorporate above two missing cases as well, the following TP with blue texts for 38.331 specification on top of the solution in R2-2305114 is provided as RAN1’s recommendation.
	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH, or when the field is absent and only one PUSCH is configured per PDCCH, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz. If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCH(s) in the n-th slot, n>1, or the PUSCH(s) except the first PUSCH in the first slot (n=1), is absent, the UE applies k2 of the first PUSCH plus n-1.



Companies are encouraged to provide views on Proposal #2.
	Company
	Views

	NTT DOCOMO
	Just wonder if the listed two cases are independent or not. Our understanding is that the point is whether/how to allow more than one PUSCH per slot or not, irrespective of the order of slot. Do we need to focus on the first slot only? 
Also, it seems the latest update may change the intention of ‘n’, which was originally PUSCH index, but is now slot index?

	Huawei, HiSilicon
	The denotation of extendedK2(n) is confusing. Usually, it is used to denote K2 for the nth PUSCH. However, it is used now for all PUSCH in the nth slot. Moreover, specifying such default value extendedK2(n) does not provide additional information in TDRA at all. UE already know the slot index from consecutive SLIVs before it determines extendedK2(n). 
We are thinking a simpler fix that for extendedK2 is mandatory present in FR2-2, as described in current 331. In FR2-1 and FR1, extendedK2 is only used for non-contiguous allocation as following (the red text were sent RAN2 in last LS).   

“In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n in FR2-2, or in FR1 and FR2-1 if any two PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.”





	Ericsson
	We support Proposal #2 except we think the response needs a modification as follows:

· The following response to Question 2 in RAN2 LS (R1-2306382) is agreed:
· From RAN1’s understanding, the solution in R2-2305114 is feasible in most cases for contiguous multi-PUSCH scheduling but it doesn’t seem to cover the following cases, where
· a single PUSCH is allocated in the n-th slot, n>1, and
· more than one PUSCH is allocated in the first slot.

The only missing case from RAN2’s CR is when there happens to be more than one PUSCH in the slot with the first PUSCH.

We disagree with HW’s suggested response, since mandating the presence of extendedK2-r17 in FR2-2 will create a similar issue as raised in Q3, i.e., it will mandate to two different configurations for the same feature (i.e., contiguous multi-PUSCH) to two different release UEs (i.e., Rel-16 UE and Rel-17 operating with 120 kHz SCS).

Regarding HW’s comment, it was RAN2 who came up with the solution an notation for exntendedK2(n) with n being a slot index. From RAN1 perspective, we should just reply if the solution is feasible.

	Moderator
	
@ Ericsson,
Thanks for the suggested wording. The modification from Ericsson is now reflected.

@ Huawei,
Thanks for the suggestion for 331 spec. I have a similar view with Ericsson, in addition, I have two more comments.
· Non-contiguous multi-PUSCH in FR1 was introduced from Rel-18 TEI, but not from Rel-17. Thus, FR-specific wording may not be a good choice.
· The comment from Huawei (i.e., extendedK2 is only used for non-contiguous allocation in FR2-1 and FR1) seems to be not aligned with the suggestion, since extendedK2 can be optionally present for contiguous allocation.


	vivo
	We are not OK with the proposal here since our concern on partial indication is not solved. 
A clarification question: whether the following indication case is supported, i.e., for contiguous multi-PUSCH, extendedK2 is present for some PUSCHs while absent for other PUSCHs as described with the following two types of examples:
Example 1: extendedK2 is present for the first PUSCH in the first slot and extendedK2 is absent for other PUSCHs 
Example 2: extendedK2 is present for the second PUSCH and extendedK2 is absent for other PUSCHs including the first PUSCH.

In our understanding, there is no need to support the above case.
We suggest to add the following in the response to Question 2:
From RAN1 perspective, UE expects extendedK2 is present for all n or is absent for all n.




Q3: RAN1’s comment on not implementing the changes requested in LS R1-2302144

	Company
	Views

	[4] vivo
	RAN1 Answer: Yes, it is acceptable.


	[5] ZTE
	Answer to Question 3: From RAN1 perspective, it is acceptable.


	[6] Ericsson
	Proposal 3: RAN1 confirms that the RAN2 solution described in Question 3 (i.e., do not implement the changes requested in RAN1 LS R1-2302144) is feasible, and is consistent with RAN1 specifications (38.214 Section 6.1.2.1), assuming Change #3 of the RAN2 CR R2-2305047 is adopted by RAN2.

Proposal 4: In addition, RAN1 provides the following observation. A consequence of the RAN2 solution in Question 3 (i.e., do not implement the changes recommended in RAN1 LS R1-2302144) is that two different release UEs (Rel-16 and Rel-17) operating in FR2-1 with 120 kHz SCS would need to be configured in different ways for scheduling multiple contiguous PUSCHs. The Rel-16 UE would need to be configured with k2-r16 only, while the Rel-17 UE would need to be configured with extendedK2-r17 for the n-th PUSCH for n > 1, since this parameter is mandatory due to not implementing the changes recommended in RAN1 LS R1-2302144. This is undesirable from a specifications and implementation perspective to mandate two different configurations for the same feature (contiguous multi-PUSCH).


	[7] NTT DOCOMO
	For the third question, we also agree not implementing RAN1 original TP would work. In fact, we now think that this approach might be more straightforward, and thus suitable for CR phase. The only issue compared with RAN1 original TP with RAN2 suggested follow-up TP in the second question seems to be “always existing” signaling overhead for K2 for UE supporting both Type 1 and Type 2. However, we would think such an overhead should not be a serious issue since it would be relatively small considering the total RRC parameters needed even for multi-PUSCH scheduling only.

[RAN1] Yes, RAN1 also confirms that another way forward proposed by RAN2, where RAN1’s original proposal will not be implemented, would also work. Meanwhile, as described above, this is not in line with RAN1’s understanding either, since the resulted behavior seems different from RAN1’s intention.


	[8] Samsung
	Answer) We don’t see any functional problems if extendedK2-r17 is mandatory present for Rel-17 multi-PUSCH. Also, we expect RAN1 specification does not bring any problems. The only one problem we identify is additional RRC overhead. That is, for consecutive multi-PUSCH scheduling, extendedK2-r17 is unnecessary but it is forced to be present.

Proposal 3. If extendedK2-r17 is mandatory present, RAN1 don’t see any functional problems and RAN1 specification impacts.


	[9] LG Electronics
	RAN1’s response: No, this is not acceptable from RAN1 perspective since this causes an unnecessary configuration restriction of the gNB that the configured values of extendedK2-r17 should result in contiguous multi-PUSCH for Rel-17 UEs that do not support non-contiguous multi-PUSCH. It is preferrable for the gNB to be able to configure such UEs instead with k2-r16 in the same way as for contiguous multi-PUSCH in Rel-16 which is consistent with the current version of TS 38.214.




[Moderator’s note] First of all, it should be clarified that the alternative solution in Question 3 (i.e., not implementing the changes requested in LS R1-2302144) implies extendedK2-r17 remains as mandatory present for multi-PUSCH scheduling regardless of contiguous or non-contiguous multi-PUSCH as in the current version of 38.331.
Next, most companies except for one company (LG Electronics) expressed the view that the alternative solution in Question 3 is acceptable or can function without additional RAN1 specification impact. At the same time, it is observed that the alternative solution in Question 3 may lead to two different configurations for the same feature (i.e., contiguous multi-PUSCH) to two different release UEs (Rel-16 and Rel-17) operating in FR2-1 with 120 kHz SCS, where one is to configure only k2-r16 to Rel-16 UE and the other is to configure extendedK2-r17 for every PUSCH to Rel-17 UE.
Taking these aspects into account, the following proposal can be made.

Proposal #3 (Response to Q3):
· The following response to Question 3 in RAN2 LS (R1-2306382) is agreed:
· RAN1 confirms that the RAN2 solution described in Question 3 (i.e., do not implement the changes requested in RAN1 LS R1-2302144) can work without additional RAN1 specification impact. However, RAN1 observed that the RAN2 solution may lead to two different configurations for the same feature (i.e., contiguous multi-PUSCH) to two different release UEs (Rel-16 and Rel-17) operating in FR2-1 with 120 kHz SCS, where one is to configure k2-r16 to Rel-16 UE and the other is to configure extendedK2-r17 for every PUSCH to Rel-17 UE.
· In addition, RAN1 assumes the following changes of the RAN2 CR R2-2305047 will be adopted by RAN2 even if the changes requested in RAN1 LS R1-2302144 will not be implemented.
	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH and k2-r16 is absent, or when the field is absent and only one PUSCH is configured per PDCCH and k2-r16 is absent, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz.

	puschAllocationList
The field puschAllocationList-r16 indicates one or multiple PUSCH continuous in time domain which share a common k2 (see TS 38.214 [19], clause 6.1.2.1). In this release, The this field pusch-AllocationList-r17 configures one or multiple PUSCH that may be in consecutive or non-consecutive slots (see TS 38.214 [19], clause 6.1.2.1). The puschAllocationList-r16 only has one element in pusch-TimeDomainAllocationListDCI-0-1-r16 and in pusch-TimeDomainAllocationListDCI-0-2-r16.



Companies are encouraged to provide views on Proposal #3.
	Company
	Views

	NTT DOCOMO
	Fine. 

	Huawei, HiSilicon
	To our understanding, the situation of “two different configurations for the same feature (i.e., contiguous multi-PUSCH) to two different release UEs (Rel-16 and Rel-17) operating in FR2-1 with 120 kHz SCS” already exists if we allow extendedK2 to be used in contiguous allocation in FR2-1 with 120 kHz SCS. For a UE report FG10-17 and FG24-1g, it can be configured either extendedK2 or k2-r16 to achieve the goals. Not sure whether it is the situation we hope to avoid?

Fine with the TP mentioned in the 2nd sub-bullet.
  

	Ericsson
	We support Proposal #3.

Regarding HW’s comment about the problem about two different configurations for the same feature already existing, we acknowledge that if extendedK2-r17 is always mandatory present (as in the solution for Q3), for sure the problem exists since the gNB will be forced to do two different configurations for the same feature. The point is, that with the RAN1 recommendation to make it present only for non-contiguous PUSCH, it allows the gNB to use the same configuration for both UEs based on k2-r16.

	vivo
	OK.




Others

	Company
	Views

	[10] Huawei
	Proposal 1: In FR2-2, if a row indicates resource allocation of more than one PUSCH, K2 value for each PUSCH is only provided by extendedK2-r17 for both contiguous and non-contiguous allocation. 

	Conditional Presence
	Explanation

	MultiPUSCH
	In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n in FR2-2, or in FR1 and FR2-1 if any two PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.



Proposal 2: In FR1 (FG55-3) and FR2-1(FG24-1g), extendedK2-r17 is only used for multi-PUSCH scheduling with non-contiguous allocation. K2-r16 is used for contiguous allocation. 

If FG24-1g were only applicable for non-contiguous allocation, FG10-17 should be added as pre-requisite to FG24-1g, similar as that for FG55-3.

Proposal 3: Add FG10-17 as prerequisite for FG24-1g. 

	24. NR_ext_to_71GHz
	24-1g
	Multiple PUSCH scheduling by single DCI for 120kHz in FR2-1
	1. Multi-PUSCH scheduling by single DCI for the operation with 120 kHz SCS with non-contiguous allocation
	
	Yes
	N/A
	Multiple PUSCH scheduling by single DCI for 120kHz is not supported in FR2-1 with non-contiguous allocation
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



	Agreement
· Introduce FG55-3 for multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1
	55. TEI18
	55-3
	Multiple PUSCHs scheduling by single DCI for non-consecutive slots in FR1
	1. Multi-PUSCH scheduling by single DCI format 0_1 for the operation with non-contiguous allocation 
	[10-17]
	Yes
	N/A
	For operation on FR1, scheduling multiple PUSCHs by a DCI format 0_1 in non-contiguous slots is not supported.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signalling



Agreement
· FG 10-17 is confirmed as the prerequisite FG of FG 55-3





	[11] Huawei
	Reason for change:
· In FR2-2, the K2 values for multiple PUSCHs scheduled by single DCI are provided by extendedK2-r17 for both contiguous and non-contiguous allocation. Correspondingly, the UE capabilities of multi-PUSCH scheduling in FR2-2, i.e. 24-1e(120kHz), 24-4a(480kHz), 24-5a(960kHz), include both contiguous and non-contiguous allocation. 
· In Rel-16, k2-r16 are used to indicate K2 for the first PUSCH of contiguous multi-PUSCH scheduling for 15/30/60/120 kHz SCS as specified in TS38.214/331.  As the Rel-16 FG10-17 is defined per band, it could be applied for 120kHz SCS in FR2-2 theoratcially, which overlapped with the existing FG24-1e. On the other side, the value range of k2-r16 can not cover K2 value for 480kHz/960kHz SCS in FR2-2, if FG10-17 is expected to be applied for all supported SCS in FR2-2s as in other FR.

Summary of change:
· Restrict the use of k2-r16 (corresponding to FG10-17) in FR1 and FR2-1.


	6.1.2.1	Resource allocation in time domain
*** unchanged text omitted***
For pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config in FR1 and FR2-1, if a row indicates resource allocation for two to eight contiguous PUSCHs and extendedK2 is not configured, K2 given by k2-r16 indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH signalled in DCI format 0_1. 
For pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config, if a row indicates resource allocation of more than one PUSCH and extendedK2 is configured, each PUSCH has a separate SLIV, mapping type and K2 given by extendedK2. If a row indicates resource allocation of a single PUSCH, the PUSCH has a single SLIV, mapping type, and K2, where K2 is given by extendedK2, if configured, otherwise K2 is given by k2-r16 in FR1 and FR2-1. The number of scheduled PUSCHs is signalled by the number of indicated SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH signalled in DCI format 0_1. 







[Moderator’s note] To be honest, I don’t have a good idea on how to organize Huawei’s proposals in [10] and CR in [11] for the above sections. Companies are encouraged to provide comments if Huawei’s suggestion (i.e., In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n in FR2-2, or in FR1 and FR2-1 if any two PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.) is acceptable.
	Company
	Views

	Huawei, HiSilicon
	As mentioned in Q2, we think a simpler solution to resolve RAN2 concern on the default behavior when extendedK2 is absent for contiguous allocation is to mandate extendedK2 for each SLIV in FR2-2 and disallow contiguous allocation with extendedK2 in FR2-1.

	Ericsson
	We think the solution proposed in Q2 in the LS reply from RAN2 is clean, i.e., RAN2 implements RAN1 recommendation in the original LS to RAN2 (R1-2302144) to make extendedK2 mandatory only for non-contiguous PUSCH, and then RAN2 implement their CR R1-2305114 (with RAN1 update).

We don’t think it should be mandated to configure extendedK2-r17 in FR2-2, since there are Rel-17 UEs supporting 120 kHz only in FR2-2, and it is beneficial from a gNB implementation perspective to be able to configure such UEs with k2-r16 when contiguous PUSCHs are used, i.e., same way as in Rel-16.

	
	




[Moderator’s note2] Companies are encouraged to provide views on whether Huawei’s draft CR in [11] for 38.214 specification is acceptable or not.
	Company
	Views

	Huawei, HiSilicon
	The intention of the CR is to clarify whether k2-r16 can be used in FR2-2 for 120kHz SCS. The FG10-17 is defined per band and theoretically it can be applied to FR2-2 for 120kHz as it is not disallowed in Rel-17. in order to make FR2-2 FG cleaner, we think only extendedK2 should be used in FR2-2. Kr-16 is only used in FR1 and FR2-1 for contiguous allocation. 

	
	

	Ericsson
	We don’t think that UE features should be modified at this late stage.




[Moderator’s note3] In addition, Regarding Proposal 2 in [10], FG 55-3 in FR1 was introduced in Rel-18 TEI. And regarding Proposal 3 in [10], the update of pre-requisite could be discussed under the agenda item for UE feature. Thus, from the moderator’s point of view, it is uncertain if those are within the scope of this email discussion.
Companies are encouraged to provide views on the Moderator’s note3 or the necessity of Proposal 3 in [10].
	Company
	Views

	Huawei, HiSilicon
	There is no individual AI for R17 UE features according to Chair’s Note. So, we submit the paper here as it is FR2-2 maintenance. Currently, FG10-17 is not the prerequisite of FG24-1g. if FG24-1g is only applied to non-contiguous allocation as discussed in Q2, it makes no sense for a UE only support non-contiguous allocation while not support contiguous allocation. It also keep consistence as FG55-3. 

	Ericsson
	Agree with moderator – it is not in scope.
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Appendix
RAN2 CR in [2] R2-2305047

	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH and k2-r16 is absent, or when the field is absent and only one PUSCH is configured per PDCCH and k2-r16 is absent, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz.

	k2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1). When the field is absent the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, and the value 3 when PUSCH SCS is 120 kHz. k2 is absent/ignored if extendedK2 is present.

	length
Indicates the length allocated for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	mappingType
Mapping type (see TS 38.214 [19], clause 6.1.2.1).

	numberOfRepetitions
Number of repetitions for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1). When numberOfSlotsTBoMS-r17 is set to 2, 4 or 8 (i.e. TB processing over multi-slot (TBoMS) PUSCH is enabled), it indicates the number of repetitions of a single TBoMS.

	numberOfRepetitionsExt
Number of repetitions for DCI format 0_1/0_2 if pusch-RepTypeIndicatorDCI-0-1/pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB (see TS 38.214 [19], clause 6.1.2.1). If this field is present, the field numberOfRepeitions-r16 is ignored for PUSCH repetition Type A.

	numberOfSlotsTBoMS
Number of slots allocated for TB processing over multi-slot PUSCH for DCI format 0_1/0_2. If a number of repetitions K is configured by numberOfRepetitions or numberOfRepetitionsExt, the network configures numberOfSlotsTBoMS (N) and K such that N*K ≤ 32 (see TS 38.214 [19], clause 6.1.2.1).

	puschAllocationList
The field puschAllocationList-r16 indicates one or multiple PUSCH continuous in time domain which share a common k2 (see TS 38.214 [19], clause 6.1.2.1). In this release, The this field pusch-AllocationList-r17 configures one or multiple PUSCH that may be in consecutive or non-consecutive slots (see TS 38.214 [19], clause 6.1.2.1). The puschAllocationList-r16 only has one element in pusch-TimeDomainAllocationListDCI-0-1-r16 and in pusch-TimeDomainAllocationListDCI-0-2-r16.

	startSymbol
Indicates the index of start symbol for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	startSymbolAndLength
An index giving valid combinations of start symbol and length (jointly encoded) as start and length indicator (SLIV). The network configures the field so that the allocation does not cross the slot boundary. (see TS 38.214 [19], clause 6.1.2.1).



	Conditional Presence
	Explanation

	Format01-02
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1 and in pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present.

	Format01-02-For-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is optionally present if pusch-RepTypeIndicatorDCI-0-1 is not set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is optionally present if pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB, Need R. It is absent otherwise, Need R.

	NotFormat01-02-Or-TypeA
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is mandatory present.
In pusch-TimeDomainAllocationListDCI-0-1, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-1 is not set to pusch-RepTypeB. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB. It is absent otherwise, Need R.

	RepTypeB
	In pusch-TimeDomainAllocationListForMultiPUSCH-r16, the field is absent.
In pusch-TimeDomainAllocationListDCI-0-1, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-1 is set to pusch-RepTypeB. It is absent otherwise, Need R.
In pusch-TimeDomainAllocationListDCI-0-2, the field is mandatory present if pusch-RepTypeIndicatorDCI-0-2 is set to pusch-RepTypeB. It is absent otherwise, Need R.

	MultiPUSCH
	In case size of puschAllocationList is higher than 1, the field extendedK2(n) corresponding to k2 of the n-th PUSCH, n>1, is mandatory present for all n if any two consecutive PUSCHs are non-contiguous. Otherwise, it is optionally present, Need S.



RAN2 CR in [3] R2-2305114

	PUSCH-TimeDomainResourceAllocationList field descriptions

	extendedK2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1) configurable per PUSCH allocation. Only values {0..32} are applicable for PUSCH SCS of 120 kHz.
When the field is absent for the first PUSCH if multiple PUSCH are configured per PDCCH, or when the field is absent and only one PUSCH is configured per PDCCH, the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, the value 3 when PUSCH SCS is 120 kHz, the value 11 when PUSCH SCS is 480 kHz, and the value 21 when PUSCH SCS is 960 kHz. If multiple contiguous PUSCHs are configured per PDCCH, when the field extendedK2(n) corresponding to k2 of the PUSCHs in the n-th slot, n>1 is absent, the UE applies k2 of the first PUSCH plus n-1.

	k2
Corresponds to L1 parameter 'K2' (see TS 38.214 [19], clause 6.1.2.1). When the field is absent the UE applies the value 1 when PUSCH SCS is 15/30 kHz; the value 2 when PUSCH SCS is 60 kHz, and the value 3 when PUSCH SCS is 120 kHz. k2 is absent/ignored if extendedK2 is present.

	length
Indicates the length allocated for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	mappingType
Mapping type (see TS 38.214 [19], clause 6.1.2.1).

	numberOfRepetitions
Number of repetitions for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1). When numberOfSlotsTBoMS-r17 is set to 2, 4 or 8 (i.e. TB processing over multi-slot (TBoMS) PUSCH is enabled), it indicates the number of repetitions of a single TBoMS.

	numberOfRepetitionsExt
Number of repetitions for DCI format 0_1/0_2 if pusch-RepTypeIndicatorDCI-0-1/pusch-RepTypeIndicatorDCI-0-2 is not set to pusch-RepTypeB (see TS 38.214 [19], clause 6.1.2.1). If this field is present, the field numberOfRepeitions-r16 is ignored for PUSCH repetition Type A.

	numberOfSlotsTBoMS
Number of slots allocated for TB processing over multi-slot PUSCH for DCI format 0_1/0_2. If a number of repetitions K is configured by numberOfRepetitions or numberOfRepetitionsExt, the network configures numberOfSlotsTBoMS (N) and K such that N*K ≤ 32 (see TS 38.214 [19], clause 6.1.2.1).

	puschAllocationList
The field puschAllocationList-r16 indicates one or multiple PUSCH continuous in time domain which share a common k2 (see TS 38.214 [19], clause 6.1.2.1). The field pusch-AllocationList-r17 configures one or multiple PUSCH that may be in consecutive or non-consecutive slots (see TS 38.214 [19], clause 6.1.2.1). The puschAllocationList-r16 only has one element in pusch-TimeDomainAllocationListDCI-0-1-r16 and in pusch-TimeDomainAllocationListDCI-0-2-r16.

	startSymbol
Indicates the index of start symbol for PUSCH for DCI format 0_1/0_2 (see TS 38.214 [19], clause 6.1.2.1).

	startSymbolAndLength
An index giving valid combinations of start symbol and length (jointly encoded) as start and length indicator (SLIV). The network configures the field so that the allocation does not cross the slot boundary. (see TS 38.214 [19], clause 6.1.2.1).
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