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1. Introduction
[bookmark: _Hlk79934029]The document is to collect companies’ inputs and provide a summary for the email discussion thread [107-e-NR-NRU-03] Email discussion/approval on frequency hopping for single/multi PUSCH transmission (Issue T3 in R1-2112461), until November 17 – Gen Li(vivo)

Companies are highly appreciated providing your Round 1 inputs before the 1st checkpoint:
· 1st checkpoint: 12th Nov 23:59 UTC
Companies are highly appreciated providing your Round 2 inputs before the 2nd checkpoint:
· 2nd checkpoint: 16th Nov 5:00 AM UTC
Companies are highly appreciated providing your Round 3 inputs before the 3rd checkpoint:
· 3rd checkpoint: 17th Nov 10:00 AM UTC

2. General clarification on frequency hopping for multi-PUSCH transmission by a single DCI
1 6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-	Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission.
-	Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.

2 
1 
[bookmark: _Toc36645593][bookmark: _Toc83310227][bookmark: _Toc29674363][bookmark: _Toc45810642][bookmark: _Toc29673370][bookmark: _Toc29673229]In TS 38.214, the applicable frequency mode for PUSCH transmission refers to the following text:
However, it is not clear which frequency hopping mode is applicable to multi-PUSCH transmission, which is introduced in NRU and extended to licensed band as well in NR Rel-16. 
Therefore, the following change is proposed in [3] to clarify that only intra-slot frequency hopping is applicable to multiple PUSCH transmission by a single DCI. 
================proposed changes in [3] ===================
[bookmark: _Toc11352165][bookmark: _Toc27299953][bookmark: _Toc20318055][bookmark: _Toc29673228][bookmark: _Toc45810641][bookmark: _Toc75165384][bookmark: _Toc36645592][bookmark: _Toc29673369][bookmark: _Toc29674362]	*** Unchanged text omitted ***
[bookmark: _Toc75165385]6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
================proposed changes in [3]===================
Moderator’s note: This issue has been discussed in RAN1#106-e meeting [4] but without consensus due to different views on how to handle the case that two-hop transmissions span multiple RB sets. From moderator’s understanding, this change is a general clarification on frequency hopping mode for multiple PUSCH transmission scheduled by a single DCI. For the problem that two-hop transmissions span multiple RB sets, it exists in all kinds of UL transmissions with frequency hopping, i.e. single PUSCH, configured grant PUSCH, PUCCH, SRS and etc. So agreeing this change doesn’t preclude the discussion on the problem that is discussed in Section 3.
Company views (Round 1, closed)
Please kindly provide your views in the table below.
Question 2.1: Do you agree the proposed change in [3] to have a general clarification on frequency hopping for multi-PUSCH transmission ? 
· If no, please provide the reasons and your suggestions.
	Company
	Agree or not
	 Comment

	Ericsson
	Agree to the CR in [3]
	We also think that this change is forward compatible to Rel-17 60 GHz where multi-PUSCH scheduling is supported for both licensed and unlicensed operation as per the WID.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI

	
	
	

	
	
	

	
	
	


Summary of Round1
Based on moderator’s understanding, the proposed change in [3] has been fully discussed in RAN1#106-e meeting which is quite stable. There is also no comments or objections received in the 1st round discussion. Thus moderator suggests to further discuss the proposal 2.1 in round 2:

Company views (Round 2, closed)
Proposal 2.1: Adopt the following change in TS 38.214:
================proposed changes start ===================
	*** Unchanged text omitted ***
6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
================proposed changes end===================

Please kindly provide your views in the table below on Proposal 2.1 (Draft CR in Appendix)
	Company
	Yes or No
	 Comment

	Huawei, HiSilicon
	
	Agree with the concept. 
Considering the discussion on unlicensed band is ongoing, suggest to following changes
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured for operation without shared spectrum.


	Ericsson
	
	Support Proposal 2.1
We think that this proposal is good to agree since it is forward compatible to Rel-17 60 GHz where multi-PUSCH scheduling is supported for both licensed and unlicensed operation as per the following objective from the WID.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Hence, we don't agree to add "for operation without shared spectrum" as proposed by Huawei. If any limitations need to be introduced for shared spectrum, we would prefer to agree as a package before any CR is agreed.

	Lenovo, Motorola Mobility
	
	We agree with Huawei that no frequency hopping is applied to shared spectrum.


	vivo
	Yes.
	We support proposal 2.1 as it is.
The intention of this change is to have a general clarification on multi-PUSCH scheduling. There is no implication on whether frequency hopping is supported for shared spectrum access or not. If adding “for operation without shared spectrum” as Huawei suggests, we think this may imply that frequency hopping is not supported for shared spectrum. Besides, agree with Ericsson that the clarification here is also forward compatibal for Rel-17 60GHz WID.
If we could converge on a solution for unlicensed operation in Section 3, the CR could be merged to have a full package.

	Samsung
	
	We are ok with the proposal. 

	Qualcomm
	
	Agree with HW

	ZTE, Sanechips
	
	Agree with HW

	Huawei, HiSilicon 2
	
	We are fine to have a full package CR for frequency hopping.
Our concern is if the text as proposal 2.1 captured in the spec but we do not have further consensus in section 3, it may imply the existing FH mechanism defined for licensed band will be automatically applied to unlicensed band. At least some record should be in Chair’s note that the TP in proposal 2.1 do not imply we resolve the issue for unlicensed band.

	LG
	Yes
	Same view with vivo.



Summary of Round 2
From the above comments, here is the summary of companies’ views:
Support Proposal 2.1: Ericsson, vivo, Samsung, LG
Support Proposal 2.1 by adding “for operation without shared spectrum”: Huawei/HiSilicon, Lenovo/Motorola Mobility, Qualcomm, ZTE/Sanechips
The raised concern is that Proposal 2.1 may imply the existing FH mechanism defined for licensed band will be automatically applied to unlicensed band. As indicated in the above Moderator’s Note, this change is a general clarification on frequency hopping mode for multiple PUSCH transmission scheduled by a single DCI. For the problem that two-hop transmissions span multiple RB sets, it exists in all kinds of UL transmissions with frequency hopping, i.e. single PUSCH, configured grant PUSCH, PUCCH, SRS and etc. So agreeing this change doesn’t preclude the discussion on the problem that is discussed in Section 3. Moderator also agrees that this CR will be merged to a CR package if the issue for unlicensed band in Section 3 is resolved in this meeting. To resolve the concern from companies, moderator suggests the following proposal:
Proposal 2.2: Adopt the following change in TS 38.214 and capture the following conclusion:
================proposed changes start ===================
	*** Unchanged text omitted ***
6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
================proposed changes end===================
Conclusion:
The change on general clarification of frequency hopping for multi-PUSCH scheduling doesn’t imply that frequency hopping issue for operation with shared spectrum acces is resolved.
· Note: This change will be merged into a package CR if frequency hopping issue for operation with shared spectrum access is resolved in this meeting

Company views (Round 3, closed)
Please kindly provide your views in the table below on Proposal 2.2 (Draft CR in Appendix)
Moderator’s Note: This proposed CR is merged as a package CR if frequency hopping issue for operation with shared spectrum access is resolved in this meeting.
	Company
	Yes or No
	 Comment

	Nokia, NSB
	Yes
	We agree with the CR, with the understanding that is is a part of a package and shared spectrum operation wil be separately addressed.

	Huawei, HiSilicon
	Yes
	

	Ericsson
	Yes
	We agree with the CR. Regarding capturing the unified UE behavior for FH for PUSCH, SRS, PUCCH in unlicensed specrum, it may be simplest to have a single rule in 37.213 that applies to any UL transmission that can be configured with FH. It can probably go in 37.213 Section 4.2.1.0.4 which describes UL transmissions in general for multi-channel access.

	LG
	Yes
	We also agree with the CR.

	ZTE, Sanechips
	Yes
	

	
	
	

	
	
	

	
	
	




3. Frequency hopping for UL transmissions in NRU
In RAN1#106-e meeting [4], it is identified that there is channel access problem if two-hop PUSCH transmissions span multiple RB sets and one example is also illustrated below provided in [1].
[image: ]
[bookmark: _Ref86945777]Figure 1		Intra slot frequency hopping for PUSCH repetition
As discussed in [2], this problem not only exists in PUSCH transmission but also for other kinds of transmission such as PUCCH and SRS involving frequency hopping. In [2], the following UL transmissions in NR Rel-15 involving frequency hopping are summarized.
[bookmark: _Ref87546102]Table 1		Summary on frequency hopping for PUCCH (not interlace) in NR licensed operation
	Cases
	PUCCH type
	Configuration/Indication
	FH type

	1.1
	Common PUCCH (Format 0/1) in an initial UL BWP for a Pcell
	None
	Intra-slot FH

	1.2
	Dedicated PUCCH (Format 0/1/2/3/4) in an UL BWP
	intraSlotFrequencyHopping
	Intra-slot FH

	1.3
	Dedicated PUCCH (Format 1, 3, 4) in an UL BWP if nrofSlots>1
	interslotFrequencyHopping
	Inter-slot FH


Table 2		Summary on frequency hopping for PUSCH (RA type 1) in NR licensed operation
	Cases
	PUSCH type
	Configuration/Indication
	FH type

	2.1
	PUSCH in an UL BWP scheduled by RAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-RNTI 
	frequency hopping flag is ‘1’
	Intra-slot FH

	2.2
	Single slot or multi-slot PUSCH transmission in an UL BWP or each of multiple PUSCH transmissions scheduled by a DCI 
	frequencyHopping is intra-slot FH
frequency hopping flag in the DCI is set to ‘1’
	Intra-slot FH

	2.3
	Multi-slot PUSCH scheduled by a single DCI in an UL BWP
	frequencyHopping is inter-slot FH
frequency hopping flag in the DCI is set to ‘1’
	Inter-slot FH

	2.4
	Type 1/Type 2 Configured PUSCH in an UL BWP
	frequencyHopping is intra-slot FH
frequencyHoppingOffset is provided /frequency hopping flag in the activation DCI is set to ‘1’
	Intra-slot FH

	2.5
	Type 1/Type 2 Configured PUSCH with repK>1 in an UL BWP
	frequencyHopping is inter-slot FH
frequencyHoppingOffset is provided /frequency hopping flag in the activation DCI is set to ‘1’
	Inter-slot FH


Table 3		Summary on frequency hopping for SRS in NR licensed operation
	Cases
	SRS type
	Configuration/Indication
	FH type

	3.1
	P/SP/AP-SRS transmission in in an UL BWP
	
	FH pattern depending on SRS configuration 



To handle the above mentioned problem, the following two alternatives are proposed in RAN1#106-e meeting [4]:
· Alt. 1: Frequency hopping is not supported when operation with shared spectrum access.
· Alt. 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access.
In [2], one additional alternative is proposed below:
· Alt. 3: Frequency hopping is supported only in scenario that number of RB set(s) for the UL BWP is 1 when operation with shared spectrum access.
In [1], another additional alternative is proposed below:
· Alt. 4: Frequency hopping is supported only in scenario that two-hop transmissions are in the same RB set when operation with shared spectrum access.
Therefore, it should be determined that which alternative is adopted for each of the listed transmissions.
Based on moderator’s understanding, all the above alternatives can solve the above mentioned problem with the following comparison in different aspects:
· In terms of spec impact, there is no spec impact on common PUCCH (Case 1.1 in Table 1) if Alt. 3 and Alt. 4 are adopted. On the other hand, PRB position of common PUCCH should be re-defined for no frequency hopping case if Alt. 1 and Alt. 2 are adopted. The reason mainly lies in that common PUCCH is in default applying frequency hopping in NR Rel-15, i.e. only PRB position with frequency hopping is defined. Since common PUCCH can only be configured in initial UL BWP for a Pcell where the bandwidth is limited to one RB set when operation with shared spectrum access,  frequency hopping is supported for common PUCCH and thus there is no need to change current spec by Alt. 3 or Alt. 4.
· In terms of flexibility, Alt. 1<Alt. 2<Alt. 3<Alt. 4 where Alt. 1 disables frequency hopping for NRU and Alt. 4 enables the most cases which could support frequency hopping.
· In terms of performance, if frequency hopping is supported for one RB set (20MHz), ~3dB performance gain could be achieved by frequency hopping for 1% BLER as observed in [2].
Company views (Round 1&Round 2, closed)
Please kindly provide your views in the table below.
Question 3.1: Do you agree to have a unified solution to handle the frequency hopping problem for all UL transmissions such as PUCCH, PUSCH and SRS when operation with shared spectrum access? 
· If yes, please go to Question 3.2.
· If no, please provide the reasons and go to Question 3.3.
	Company
	Agree or not
	 Comment

	Ericsson
	Agree
	We agree that there is a channel access issue if the two hops are in different RB sets, since channel access is supposed to be performed immediately prior to transmission on a channel, where a channel is defined in 37.213 as a carrier or part of a carrier (i.e., RB set) over which a channel access procedure is performed. Clearly, if the 2nd hop is in a different channel (RB set), it is impossible to perform channel access procedure immediately prior to the 2nd hop.
However, there is no channel access issue if the 2 hops are in the same RB set, and we think it would be detrimental to remove the possibility to enable frequency hopping in such a scenario. Frequency hopping is an important feature for not only coverage, but also reliability (e.g., in URLLC applications).
Hence, we do not support Alt-1, Alt-2, or Alt-3 (see comments in Question 3.2)
We think Alt-4 is the correct way forward.

	Huawei, HiSilicon
	Yes
	The frequency hopping for configured grant in NRU should be clarified as well. For example, when repK is configured, the transmission is more like PUSCH repetition type B while it is catorgized as PUSCH repetition type A. a UE is also able transmit multi CG-PUSCH consecutively in a period. The supported FH should be clarified as well.

	Lenovo, Motorola Mobility
	Yes
	

	vivo
	Agree
	We think a unified solution is preferred for UE implementation.

	Samsung
	Yes
	

	Qualcomm
	Yes
	

	ZTE, Sanechips
	Yes
	

	LG
	Yes
	


Question 3.2: Which of the following alternatives is preferred as the unified solution? 
· Alt. 1: Frequency hopping is not supported when operation with shared spectrum access.
· Alt. 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access.
· Alt. 3: Frequency hopping is supported only in scenario that number of RB set(s) for the UL BWP is 1 when operation with shared spectrum access.
· Alt. 4: Frequency hopping is supported only in scenario that two-hop transmissions are in the same RB set when operation with shared spectrum access.
· Please indicate your preference and also which alternative is not acceptable.
	Company
	Prefered Alt.
	Unacceptabel Alt.
	 Comment

	Ericsson
	Alt-4
	Alt-1, 2, and 3
	Alt-1 is unacceptable since it removes an important feature for both coverage and reliability, e.g., in URLLC applications
Alt-2 is unacceptable since even for a wideband carrier, transmissions can be configured on a single RB set, hence there is no reason to remove the ability to confiure frequency hopping for the same reason as above.
Alt-3 is unacceptable, since PUCCH is confined to a single RB set according to current specs, so Alt-3 would remove the ability to configure frequency hopping for PUCCH in an active BWP that that consists of multiple RB sets, e.g., in CONNECTED mode.
Alt-4 is the only reasonable way forward, and has the least spec impact as commented by the moderator.

	Huawei,HiSilicon
	Alt 4
	
	It provide more flexibility in configuration.

	Lenovo, Motorola Mobility
	Alt 1
	
	With interlace-based UL transmission, frequency diversity gain can be fully obtained. We are not sure how much additional gain can be achieved by frequency hopping within one RB set.

	vivo
	Alt. 3/Alt. 4
	
	As stated in our contribution, Alt. 1 and Alt. 2 may result in re-definition of common PUCCH which always applys  intra-slot frequency hopping. So Alt. 3/Alt. 4 is preferred by us.
@Lenovo/Motorola: interlace is an optional UE feature for NRU. If Alt. 1 is adopted for this UE, there will be no frequency hopping at all. As observed in our contribution, there will be ~3dB performance gain for intra-slot frequency hopping compared to no frequency hopping case. Besides, as indicated above, if Alt. 1 is adopted, common PUCCH should be re-defined.

	Samsung
	Alt 3 or Alt 4
	
	

	Qualcomm
	Alt 1
	Others
	We don’t believe legacy waveform for UL is a typical deployment choice and the benefit of hopping is not substantial within 20MHz except for very small allocations. The small benefit does not worth the extra specification and testing effort.

	ZTE, Sanechips
	Alt 4
	
	From the flexibility point of view, Alt 4 is a reasonable way with least spec impact.

	LG
	Alt 4
	
	Alt 4 seems to be reasonable way, with least spec impact, for example, by simple adding “UE does not expect two hops of a channel are in different RB sets” or “UE does not expect FH enabling for a channel over multiple RB sets”.



Question 3.3: Which of the following alternatives is preferred for PUCCH, PUSCH and SRS respectively?
· Alt. 1: Frequency hopping is not supported when operation with shared spectrum access.
· Alt. 2: Frequency hopping is supported only in scenario that number of RB set(s) for the carrier is 1 when operation with shared spectrum access.
· Alt. 3: Frequency hopping is supported only in scenario that number of RB set(s) for the UL BWP is 1 when operation with shared spectrum access.
· Alt. 4: Frequency hopping is supported only in scenario that two-hop transmissions are in the same RB set when operation with shared spectrum access.
· For PUCCH, please indicate your preference and also unacceptable alternative if any.
	Company
	Prefered Alt.
	Unacceptabel Alt.
	 Comment

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



· For PUSCH, please indicate your preference and also unacceptable alternative if any.
	Company
	Prefered Alt.
	Unacceptabel Alt.
	 Comment

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



· For SRS, please indicate your preference and also unacceptable alternative if any.
	Company
	Prefered Alt.
	Unacceptabel Alt.
	 Comment

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Summary of Round 1 & Round 2
Based on the received comments, here is summary of discussion status:
Question 3.1: Whether to have a unified solution for PUCCH, PUSCH and SRS
· Yes: Ericsson, Huawei/HiSilicon, Lenovo/Motorola Mobility, vivo, Samsung,, Qualcomm, ZTE/Sanechips, LG
· No:
Question 3.2: Which alternative is preferred as the unified solution:
· Alt. 1:
· Prefered: Lenovo/Motorola Mobility, Qualcomm
· Unacceptable: Ericsson
· Alt. 2:
· Prefered:
· Unacceptable: Ericsson, Qualcomm
· Alt. 3:
· Prefered: vivo, Samsung
· Unacceptable: Ericsson, Qualcomm
· Alt. 4:
· Prefered: Ericsson, Huawei/HiSilicon, vivo, Samsung, ZTE/Sanechips, LG
· Unacceptable: Qualcomm

Based on the above discussions, it is clearly observed that all companies prefer to have a unified solution to handle frequency hopping issues for PUCCH, PUSCH and SRS. Majority companies prefere Alt. 4 as the unified solution due to flexibility and less spec impact. According to majority view, moderator suggests the following proposal:
Proposal 3.1: Support the following unified solution to handle the frequency hopping problem for all UL transmissions such as PUCCH, PUSCH and SRS when operation with shared spectrum access:
· Alt. 4: Frequency hopping is supported only in scenario that two-hop transmissions are in the same RB set when operation with shared spectrum access.
Company views (Round 3, closed)
Please kindly provide your views in the table below on Proposal 3.1:

	Company
	Yes or No
	 Comment

	Nokia, NSB
	Yes
	We support a unified solution for all UL signals and channels. As for the solution, our first preference is Alt 1 as the benefits of frequency hopping on unlicensed spectrum are questionalble. However, can also consider Alt 4 as a comprimize, although it seems unnecessarily complicated. 

	Huawei, HiSilicon
	Yes
	When UE is provided with higher layer parameters cg-nrofSlots and cg-nrofPUSCH-InSlot and repK>1, the FH scheme for CG-PUSCH is not clear. We think the inter repetition FH should be applied if the 2 hops are in the same RB set.

	Ericsson
	Yes
	We think Alt-4 is the simplest solution with least spec impact. There is no reason to preclude FH if the hops are within the same RB set since there is no channel access issue.

	LG
	Yes
	We also prefer Alt 4 with simple text on UE expectation.

	Lenovo, Motorola Mobility
	Yes
	We can accept Alt 4 for compromise. A single sentence may be enough in section of PUSCH hopping and SRS hopping. For PUCCH, since it is confined within a RB set, we may not need change on PUCCH part.

	ZTE, Sanechips
	Yes
	Same reason as our comment in the last round, support Alt 4

	Moderator
	
	@Huawei: Agree that frequency hopping for NRU CG PUSCH is not clear in current spec. Actually this issue has been discussed in RAN1#104-e but without consensus (See R1-2101950). Considering the deadline is approaching, it is better to leave this discussion in next meeting?


	
	
	

	
	
	




Please kindly provide your views in the table below on TP for Proposal 3.1 in Appendix 2:
Moderator’s Note: This proposed TP incorporates the changes in Proposal 2.2. If this is agreeable, no need to have Proposal 2.2.
	Company
	Yes or No
	 Comment

	Nokia, NSB
	Yes
	A couple of small editorial changes:
when operatingon without shared spectrum access, or with shared spectrum access where the number of RB sets in the PUCCH transmission is one
For operation with shared spectrum channel access where the number of RB sets in the PUSCH transmission is larger than one, intra-slot frequency hopping and inter-slot frequency hopping are not applicable.

	Huawei, HiSilicon
	
	For the TP in PUCCH, I am wondering whether it is necessary. As agreed in NRU, a PUCCH is always in a RB set. the current TP may imply it is possible to configure PUCCH resource larger than one RB set.
For PUSCH repetition type B, the similar language should be added.

	Moderator
	
	Thanks for the comments. 
@Huawei and Lenovo: Regarding the PUCCH part, it is moderator’s understanding that a interlaced PUCCH is always in a RB set but not for a legacy PUCCH. Besides, the second hop PRB is configured for a PUCCH, which could be located in different RB set with the first hop PRB. So TP for PUCCH part is still needed. 
It seems most of companies prefer a single sentence to describe Alt. 4. So moderator drafts another version of TP in Appendix 3. Please continue to have a check.
@Huawei: The sentence is also added for PUSCH repetition type B.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Summary of Round 3
All companies are OK to Proposal 3.1 and draft CR will be prepared.


Conclusion

TP in Appendix 3 is approved.
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*** Unchanged text omitted ***
6.3	UE PUSCH frequency hopping procedure
6.3.1	Frequency hopping for PUSCH repetition Type A
For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
In case of resource allocation type 2, the UE transmits PUSCH without frequency hopping.
In case of resource allocation type 1, whether or not transform precoding is enabled for PUSCH transmission, the UE may perform PUSCH frequency hopping, if the frequency hopping field in a corresponding detected DCI format or in a random access response UL grant is set to 1, or if for a Type 1 PUSCH transmission with a configured grant the higher layer parameter frequencyHoppingOffset is provided, otherwise no PUSCH frequency hopping is performed. When frequency hopping is enabled for PUSCH, the RE mapping is defined in clause 6.3.1.6 of [4, TS 38.211].
For a PUSCH scheduled by RAR UL grant, fallbackRAR UL grant, or by DCI format 0_0 with CRC scrambled by TC-RNTI, frequency offsets are obtained as described in clause 8.3 of [6, TS 38.213]. Otherwise, for a PUSCH scheduled by DCI format 0_0/0_1 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_0/0_1 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetLists in pusch-Config. For a PUSCH scheduled by DCI format 0_2 or a PUSCH based on a Type2 configured UL grant activated by DCI format 0_2 and for resource allocation type 1, frequency offsets are configured by higher layer parameter frequencyHoppingOffsetListsDCI-0-2 in pusch-Config.
-	When the size of the active BWP is less than 50 PRBs, one of two higher layer configured offsets is indicated in the UL grant.
-	When the size of the active BWP is equal to or greater than 50 PRBs, one of four higher layer configured offsets is indicated in the UL grant.
For PUSCH based on a Type1 configured UL grant the frequency offset is provided by the higher layer parameter frequencyHoppingOffset in rrc-ConfiguredUplinkGrant. 
For a MsgA PUSCH the frequency offset is provided by the higher layer parameter as described in [6, TS 38.213].
In case of intra-slot frequency hopping, the starting RB in each hop is given by:

	,




where i=0 and i=1 are the first hop and the second hop respectively, and  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) or as calculated from the resource assignment for MsgA PUSCH (described in [6, TS 38.213]) and is the frequency offset in RBs between the two frequency hops. The number of symbols in the first hop is given by , the number of symbols in the second hop is given by , where  is the length of the PUSCH transmission in OFDM symbols in one slot.

In case of inter-slot frequency hopping, the starting RB during slot  is given by:

	, 



where  is the current slot number within a radio frame, where a multi-slot PUSCH transmission can take place,  is the starting RB within the UL BWP, as calculated from the resource block assignment information of resource allocation type 1 (described in Clause 6.1.2.2.2) and is the frequency offset in RBs between the two frequency hops.
*** Unchanged text omitted ***

Appendix 2
TP1 for PUCCH
-----------------------------------------------------TP1 on TS 38.213-----------------------------------------------------
9.2.1	PUCCH Resource Sets
*** Unchanged text omitted ***
A PUCCH resource includes the following parameters:
-	a PUCCH resource index provided by pucch-ResourceId
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, when operation without shared spectrum access or with shared spectrum access where the number of RB set in the PUCCH transmission is one
-	an index of a first interlace by interlace0, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	if provided, an index of a second interlace by interlace1, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of an RB set by rb-SetIndex, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-		a configuration for a PUCCH format provided by format
*** Unchanged text omitted ***
9.2.6	PUCCH repetition procedure

For PUCCH formats 1, 3, or 4, a UE can be configured a number of slots, , for repetitions of a PUCCH transmission by respective nrofSlots. If a UE is provided a PUCCH-config that includes subslotLengthForPUCCH, the UE does not expect the PUCCH-config to include nrofSlots.
For , 
-	the UE repeats the PUCCH transmission with the UCI over  slots 
-	a PUCCH transmission in each of the  slots has a same number of consecutive symbols, as provided by nrofSymbols in PUCCH-format1, nrofSymbols in PUCCH-format3, or nrofSymbols in PUCCH-format4
-	a PUCCH transmission in each of the  slots has a same first symbol, as provided by startingSymbolIndex in PUCCH-format1, startingSymbolIndex in PUCCH-format3, or startingSymbolIndex in PUCCH-format4 
-	the UE is configured by interslotFrequencyHopping whether or not to perform frequency hopping for PUCCH transmissions in different slots, when operation without shared spectrum access or with shared spectrum access where the number of RB set in the PUCCH transmission is one
-	if the UE is configured to perform frequency hopping for PUCCH transmissions across different slots 
-	the UE performs frequency hopping per slot
-	the UE transmits the PUCCH starting from a first PRB, provided by startingPRB, in slots with even number and starting from the second PRB, provided by secondHopPRB, in slots with odd number. The slot indicated to the UE for the first PUCCH transmission has number 0 and each subsequent slot until the UE transmits the PUCCH in  slots is counted regardless of whether or not the UE transmits the PUCCH in the slot
-	the UE does not expect to be configured to perform frequency hopping for a PUCCH transmission within a slot
-	If the UE is not configured to perform frequency hopping for PUCCH transmissions across different slots and if the UE is configured to perform frequency hopping for a PUCCH transmission within a slot, the frequency hopping pattern between the first PRB and the second PRB is same within each slot
-----------------------------------------------------TP1 on TS 38.213-----------------------------------------------------
TP2 for PUSCH
-----------------------------------------------------TP2 on TS 38.213-----------------------------------------------------
8.3 PUSCH scheduled by RAR UL grant

An active UL BWP, as described in clause 12 and in [4, TS 38.211], for a PUSCH transmission scheduled by a RAR UL grant is indicated by higher layers. 
If useInterlacePUCCH-PUSCH is not provided by BWP-UplinkCommon and BWP-UplinkDedicated, for determining the frequency domain resource allocation for the PUSCH transmission within the active UL BWP
-	if the active UL BWP and the initial UL BWP have same SCS and same CP length and the active UL BWP includes all RBs of the initial UL BWP, or the active UL BWP is the initial UL BWP, the initial UL BWP is used 
-	else, the RB numbering starts from the first RB of the active UL BWP and the maximum number of RBs for frequency domain resource allocation equals the number of RBs in the initial UL BWP
The frequency domain resource allocation is by uplink resource allocation type 1 [6, TS 38.214]. For an initial UL BWP size of  RBs, a UE processes the frequency domain resource assignment field as follows
-	if , or for operation with shared spectrum channel access if 
-	truncate the frequency domain resource assignment field to its  least significant bits and interpret the truncated frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212] 
-	else
-	insert  most significant bits, or for operation with shared spectrum channel access insert  most significant bits, with value set to '0' after the  bits to the frequency domain resource assignment field, where   if the frequency hopping flag is set to '0' and  is provided in Table 8.3-1 if the hopping flag bit is set to '1' when operation without shared spectrum access or with shared spectrum access where the number of RB set in the PUSCH transmission scheduled by a RAR UL grant is one, and interpret the expanded frequency resource assignment field as for the frequency resource assignment field in DCI format 0_0 as described in [5, TS 38.212]
-	end if
*** Unchanged text omitted ***
-----------------------------------------------------TP2 on TS 38.213-----------------------------------------------------


-----------------------------------------------------TP2 on TS 38.214-----------------------------------------------------

6.3	UE PUSCH frequency hopping procedure

6.3.1	Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
For operation with shared spectrum channel access where the number of RB set in the PUSCH transmission is larger than one, intra-slot frequency hopping and inter-slot frequency hopping are not applicable.

*** Unchanged text omitted ***
-----------------------------------------------------TP2 on TS 38.214-----------------------------------------------------

TP3 for SRS
-----------------------------------------------------TP3 on TS 38.214-----------------------------------------------------

6.2.1.1	UE SRS frequency hopping procedure








For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the SRS transmission is one, according to the SRS hopping parameters , and defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2) when operation without shared spectrum access or with shared spectrum access where the number of RB set in the SRS transmission is one, each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters , and .
-----------------------------------------------------TP3 on TS 38.214-----------------------------------------------------

Appendix 3
TP1a for PUCCH
-----------------------------------------------------TP1 on TS 38.213-----------------------------------------------------

9.2.1	PUCCH Resource Sets
*** Unchanged text omitted ***

A PUCCH resource includes the following parameters:
-	a PUCCH resource index provided by pucch-ResourceId
-	an index of the first PRB prior to frequency hopping or for no frequency hopping by startingPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of the first PRB after frequency hopping by secondHopPRB, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an indication for intra-slot frequency hopping by intraSlotFrequencyHopping, if a UE is not provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of a first interlace by interlace0, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	if provided, an index of a second interlace by interlace1, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	an index of an RB set by rb-SetIndex, if a UE is provided useInterlacePUCCH-PUSCH in BWP-UplinkDedicated
-	a configuration for a PUCCH format provided by format
For operation with shared spectrum channel access, the UE does not expect that two hops of a PUCCH transmission are in different RB sets.
The UE expects that useInterlacePUCCH-PUSCH in BWP-UplinkCommon and useInterlacePUCCH-PUSCH in BWP-UplinkDedicated are provided either in all UL BWPs or in none of the UL BWPs for a serving cell.
*** Unchanged text omitted ***
-----------------------------------------------------TP1 on TS 38.213-----------------------------------------------------
TP2a for PUSCH
-----------------------------------------------------TP2 on TS 38.214-----------------------------------------------------

6.3	UE PUSCH frequency hopping procedure

6.3.1	Frequency hopping for PUSCH repetition Type A

For PUSCH repetition Type A (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, and by frequencyHopping provided in pusch-Config for PUSCH transmission scheduled by a DCI format other than 0_2, and by frequencyHopping provided in configuredGrantConfig for configured PUSCH transmission. One of two frequency hopping modes can be configured:
-  Intra-slot frequency hopping, applicable to single slot and multi-slot PUSCH transmission and each of multiple PUSCH transmissions scheduled by a DCI if the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH is configured.
- Inter-slot frequency hopping, applicable to multi-slot PUSCH transmission.
For operation with shared spectrum channel access, the UE does not expect that two hops of a PUSCH transmission are in different RB sets.
*** Unchanged text omitted ***
[bookmark: _Toc29673230][bookmark: _Toc29673371][bookmark: _Toc29674364][bookmark: _Toc36645594][bookmark: _Toc45810643][bookmark: _Toc83310228]6.3.2	Frequency hopping for PUSCH repetition Type B

For PUSCH repetition Type B (as determined according to procedures defined in Clause 6.1.2.1 for scheduled PUSCH, or Clause 6.1.2.3 for configured PUSCH), a UE is configured for frequency hopping by the higher layer parameter frequencyHoppingDCI-0-2 in pusch-Config for PUSCH transmission scheduled by DCI format 0_2, by frequencyHoppingDCI-0-1 provided in pusch-Config for PUSCH transmission scheduled by DCI format 0_1, and by frequencyHoppingPUSCH-RepTypeB provided in rrc-ConfiguredUplinkGrant for Type 1 configured PUSCH transmission. The frequency hopping mode for Type 2 configured PUSCH transmission follows the configuration of the activating DCI format. One of two frequency hopping modes can be configured:
-	Inter-repetition frequency hopping
-	Inter-slot frequency hopping
For operation with shared spectrum channel access, the UE does not expect that two hops of a PUSCH transmission are in different RB sets.
*** Unchanged text omitted ***
-----------------------------------------------------TP2 on TS 38.214-----------------------------------------------------

TP3a for SRS
-----------------------------------------------------TP3 on TS 38.214-----------------------------------------------------

6.2.1.1	UE SRS frequency hopping procedure








For a given SRS resource, the UE is configured with repetition factor R∈{1,2,4} by higher layer parameter resourceMapping in SRS-Resource where R≤Ns. When frequency hopping within an SRS resource in each slot is not configured (R=Ns), each of the antenna ports of the SRS resource in each slot is mapped in all the  symbols to the same set of subcarriers in the same set of PRBs. When frequency hopping within an SRS resource in each slot is configured without repetition (R=1), according to the SRS hopping parameters , and defined in Clause 6.4.1.4 of [4, TS 38.211], each of the antenna ports of the SRS resource in each slot is mapped to different sets of subcarriers in each OFDM symbol, where the same transmission comb value is assumed for different sets of subcarriers. When both frequency hopping and repetition within an SRS resource in each slot are configured (Ns=4, R=2), each of the antenna ports of the SRS resource in each slot is mapped to the same set of subcarriers within each pair of R adjacent OFDM symbols, and frequency hopping across the two pairs is according to the SRS hopping parameters , and .
For operation with shared spectrum channel access, the UE does not expect that multiple hops of an SRS resource transmission are in different RB sets.
-----------------------------------------------------TP3 on TS 38.214-----------------------------------------------------
Page 18
image1.png
siot siot
o Eﬂ Eﬂ

siot siot
— F F
e Dh





image2.wmf
(

)

start

start

startoffset

RB0

RB

RBRBmod1

size

BWP

i

Ni

=

ì

=

í

+=

î


oleObject1.bin

image3.wmf
start

RB


oleObject2.bin

image4.wmf
offset

RB


oleObject3.bin

image5.wmf
ë

û

2

/

,

s

PUSCH

symb

N


oleObject4.bin

image6.wmf
ë

û

2

/

,

,

s

PUSCH

symb

s

PUSCH

symb

N

N

-


oleObject5.bin

image7.wmf
m

s

n


oleObject6.bin

image8.wmf
(

)

(

)

ï

î

ï

í

ì

=

+

=

=

1

2

mod

mod

RB

RB

0

2

mod

RB

RB

offset

start

start

start

m

m

m

s

size

BWP

s

s

n

N

n

n


oleObject7.bin

image9.wmf
m

s

n


oleObject8.bin

image10.wmf
start

RB


oleObject9.bin

image11.wmf
offset

RB


oleObject10.bin

image12.wmf
s

N


oleObject11.bin

image13.wmf
SRS

B


oleObject12.bin

image14.wmf
SRS

C


oleObject13.bin

image15.wmf
hop

b


oleObject14.bin

oleObject15.bin

oleObject16.bin

oleObject17.bin

oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

oleObject22.bin

oleObject23.bin

oleObject24.bin

