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Introduction
This contribution provides the summary of the following email discussion in RAN1#108-e, which was triggered by the draft CR in R1-2202183 [1].
[108-e-NR-CRs-15] Issue#18 Corrections on Intra-slot frequency hopping for PUCCH transmission – Liqing (Sharp)
· Relevant tdoc: R1-2202183
· Check point on February 23
[bookmark: OLE_LINK1]Discussions
Issue description
According to clause 9.2.1 of TS38.213, there are two PUCCH transmission cases for intra-slot frequency hopping as following: 
Case 1: Cell-specific PUCCH transmission before the UE has the dedicated PUCCH resource configuration. Intra-slot frequency hopping is mandatory for the cell-specific PUCCH transmission.
Case 2: Dedicated PUCCH transmission if the UE has the dedicated PUCCH resource configuration. Intra-slot frequency hopping can be enabled or disabled by the RRC parameter intraSlotFrequencyHopping for the dedicated PUCCH transmission.
On the other hand, TS 38.211 specifies how signal is generated for PUCCH transmission. However, as identified in the R1-2202183 [1], when referring to the intra-slot frequency hopping for PUCCH, the current specification 38.211 seems to only capture the dedicated PUCCH transmission for intra-slot frequency hopping. That is, the general issue is that, in the current specification 38.211, the case of cell-specific PUCCH transmission for intra-slot frequency hopping is missing when referring to intra-slot frequency hopping for PUCCH. Two specific issues are identified as below.
Issue 1: Determination of frequency hopping index nhop for cell-specific PUCCH transmission is missed.
As captured in below, the current description in subclause 6.3.2.2.1 only specifies how to determine the value of nhop for dedicated PUCCH transmission. There is no relevant description in subclause 6.3.2.2.1 on how to determine the value of nhop for cell-specific PUCCH transmission. 
	[bookmark: _Toc19796427][bookmark: _Toc90288434]6.3.2.2.1	Group and sequence hopping
The sequence group  and the sequence number  within the group depends on the higher-layer parameter pucch-GroupHopping:
-	if pucch-GroupHopping equals 'neither'



	where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'enable' 





	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
-	if pucch-GroupHopping equals 'disable'




	where the pseudo-random sequence  is defined by clause 5.2.1 and shall be initialized at the beginning of each radio frame with  where  is given by the higher-layer parameter hoppingId if configured, otherwise .
The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.




Issue 2: Ambiguity on Sequence modulation and sequence generation of DMRS for cell-specific PUCCH transmission.
For the sequence modulation for PUCCH format 1 in subclause 6.3.2.4.1, there is also no explicit description for cell-specific PUCCH transmission in terms of the intra-slot frequency hopping. Then if we follow the current description, the ‘otherwise no intra-slot frequency hopping shall be assumed’ seems to be misleading. According to the current description, it seems that the cell-specific PUCCH transmission would go into the ‘otherwise no intra-slot frequency hopping shall be assumed’ branch, which would cause the ambiguity. Likewise, same issue exists for the sequency generation for DMRS for PUCCH format 1 in subclause 6.4.1.3.1.1. 
	[bookmark: _Toc19796432][bookmark: _Toc90288439]6.3.2.4	PUCCH format 1
[bookmark: _Toc19796433][bookmark: _Toc90288440]6.3.2.4.1	Sequence modulation





The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to




where  is given by clause 6.3.2.2. The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to


where  is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.




	[bookmark: _Toc19796462][bookmark: _Toc90288469]6.4.1.3.1	Demodulation reference signal for PUCCH format 1
[bookmark: _Toc19796463][bookmark: _Toc90288470]6.4.1.3.1.1	Sequence generation
The reference signal sequence is defined by



where  is given by Table 6.4.1.3.1.1-1 and the sequence  is given by clause 5.2.2. 
Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.



First Round 
Issue 1: Determination of frequency hopping index nhop for cell-specific PUCCH transmission is missed
As above-mentioned in the section 2.1, there is no relevant description in subclause 6.3.2.2.1 on how to determine the value of nhop for cell-specific PUCCH transmission. Companies please provide your views in the following question on whether you agree that the determination of frequency hopping index nhop for cell-specific PUCCH transmission is missing in the current subclause 6.3.2.2.1.
Question 1: Please provide your views on whether you agree that determination of frequency hopping index nhop for cell-specific PUCCH transmission is missing in the current subclause 6.3.2.2.1.  
	Company
	Agree or not
	Comments

	Ericsson
	Agree
	

	LG
	Agree
	

	vivo
	Agree
	

	Intel
	Agree
	

	NTT DOCOMO
	Agree
	

	ZTE
	Agree
	

	CATT
	Agree
	

	
	
	



The proposed correction in the draft CR R1-2202183 [1], i.e. the proposed change in subclause 6.3.2.2.1, is to delete the higher-layer parameter intraSlotFrequencyHopping such that both the cell-specific PUCCH transmission and dedicated PUCCH transmission can be included when determining the value of nhop. On the other hand, during the preparation phase, one company commented that removing the RRC parameter would break an important rule, that is, intra-slot frequency hopping is applied based on the RRC parameter and not based on the hop distance. Also, several companies commented to keep the current description for dedicated PUCCH transmission and additionally include the missing case for cell-specific PUCCH transmission before the dedicated PUCCH resource configuration is provided. Therefore, companies please provide your views in the following question on whether the specification change is needed or not and how to change the specification.  
Question 2: Please provide your views on whether specification change is needed to solve the issue 1. 
· If yes, which alternative below is your preference.
	Alt.1 (i.e. deleting RRC parameter)
	The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.

	Alt.2 (i.e. including the missing case)
	The frequency hopping index nhop=0 for the first hop and nhop=1 for the second hop if the UE does not have dedicated PUCCH resource configuration. The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping, [image: ] for the first hop and [image: ] for the second hop.

	Alt.3
	(Please kindly provide your modification) 


· If no, please explain why.  
	Company
	Spec change is needed or not. If needed, which one is preferred.
	Comments

	Ericsson
	Yes
	Direction of Alt.2.
More compact text can be used. 

	LG
	Yes
	Direction of Alt 2.
Simply, the condition can be added as the following.

The frequency hopping index  if intra-slot frequency hopping is disabled by the higher-layer parameter intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter intraSlotFrequencyHopping or if the UE does not have dedicated PUCCH resource configuration, [image: ] for the first hop and [image: ] for the second hop.

	vivo
	Yes
	Alt.2 direction and we are fine with LG’s modification.

	Intel
	Yes
	We are fine with LG’s update or we can update the Clause 9.2.1 in 213 by adding “[image: ] for the first hop and [image: ] for the second hop.”

	NTT DOCOMO
	Yes
	Alt 2 or LGE’s suggestion. We do not accept Alt 1 since the update breaks corresponding UE behavior intended in the text.

	ZTE
	Yes
	Direction of Alt 2 or LG’s suggestion.. 

	CATT
	Yes
	We prefer Alt. 1 which is more future proof considering Rel-17 RedCap where the PUCCH frequency hopping can be disabled for the common PUCCH resources configured for RedCap UEs in a separate initial UL BWP. For Alt. 2, the dedicated PUCCH resource configuration may cause confusion in Rel-17 on whether the common PUCCH resources configured dedicated for RedCap UEs are dedicated PUCCH resource configuration.

	Samsung
	No
	TS 38.213 has provided following sentence for frequency hopping of cell specific PUCCH transmission. 

TS38.213 9.2.1 v15.15.0
If a UE does not have dedicated PUCCH resource configuration, provided by PUCCH-ResourceSet in PUCCH-Config, a PUCCH resource set is provided by pucch-ResourceCommon through an index to a row of Table 9.2.1-1 for transmission of HARQ-ACK information on PUCCH in an initial UL BWP of PRBs. The PUCCH resource set includes sixteen resources, each corresponding to a PUCCH format, a first symbol, a duration, a PRB offset , and a cyclic shift index set for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping.


Therefore, we think that there is no ambiguity issue if considering 211 and 213 together.  

	QC
	No
	We think spec is clear enough, although it is not perfect.
Rel-15 has been deployed for a few years and no issue has been identified in field due to this. Unless critical issue due to this is identified in the field, otherwise we don’t think the CR is needed. 

	Huawei, HiSilicon
	No
	We share similar view as Samsung, the spec 213 in 9.2.1 clearly states the cell specific PUCCH using frequency hopping, it is not necessary to change the spec.



Issue 2: Ambiguity on sequence modulation and sequence generation of DMRS for cell-specific PUCCH transmission
As above-mentioned in the section 2.1, ambiguity on sequence modulation and sequence generation of DMRS would be caused for cell-specific PUCCH transmission given the cell-specific PUCCH transmission would go into the ‘otherwise no intra-slot frequency hopping shall be assumed’ branch according to the current spec description. Companies please provide your views on whether the ambiguity would be caused by the current spec description.
Question 3: Please provide your views on whether you agree that the ambiguity on sequence modulation in subclause 6.3.2.4.1 and sequence generation of DMRS in subclause 6.4.1.3.1.1 would be caused for cell-specific PUCCH transmission according to current spec description. 
	Company
	Agree or not
	Comments

	LG
	Agree
	

	vivo
	
	We agree no spec captures the sequence modulation and sequence generation of DMRS for cell-specific PUCCH transmission. But we do not think there is ambiguity for the correct implementation for the cell-specific PUCCH. 

	Intel
	
	We share similar view as vivo and do not think there is ambiguity for cell specific PUCCH generation. 

	NTT DOCOMO
	Agree
	

	CATT
	Agree
	

	Samsung
	No
	Share similar view with vivo. As we commented in question 2, there is no ambiguity issue. 

	QC
	No
	Same view as VIVO/Intel there is no other way to interpret the spec to implement for the cell specific PUCCH.  

	Huawei, HiSilicon
	No
	We do not think the spec is ambiguous, similar views as others.



Question 4: Please provide your views on whether specification change is needed to solve the issue 2. 
· If yes, which alternative below is your preference.
	Alt.1 (i.e. deleting ‘otherwise’ branch)
	6.3.2.4.1	Sequence modulation





The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to




where  is given by clause 6.3.2.2. The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to


where  is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.
6.4.1.3.1.1	Sequence generation
The reference signal sequence is defined by



where  is given by Table 6.4.1.3.1.1-1 and the sequence  is given by clause 5.2.2. 
Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.


	Alt.2 (i.e. including the case for cell-specific PUCCH transmission)
	6.3.2.4.1	Sequence modulation





The block of bits  shall be modulated as described in clause 5.1 using BPSK if  and QPSK if , resulting in a complex-valued symbol . 
The complex-valued symbol  shall be multiplied with a sequence  according to




where  is given by clause 6.3.2.2. The block of complex-valued symbols  shall be block-wise spread with the orthogonal sequence  according to


where  is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed for a PUCCH transmission if the UE does not have dedicated PUCCH resource configuration, regardless of whether the frequency-hop distance is zero or not. Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.
6.4.1.3.1.1	Sequence generation
The reference signal sequence is defined by



where  is given by Table 6.4.1.3.1.1-1 and the sequence  is given by clause 5.2.2. 
Intra-slot frequency hopping shall be assumed for a PUCCH transmission if the UE does not have dedicated PUCCH resource configuration, regardless of whether the frequency-hop distance is zero or not. Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.

	Alt.3
	The proposed corrections in subclauses 6.3.2.4.1 and 6.4.1.3.1.1 in the R1-2202183 [1].

	Alt.4
	(Please kindly provide your modification)


· If no, please explain why.  
	Company
	Spec change is needed or not. If needed, which one is preferred.
	Comments

	Ericsson
	Needed.
	Direction of Alt 2.

	LG
	Yes
	Direction of Alt 2.
Similarly, the condition can be added as the following.

Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled or if the UE does not have dedicated PUCCH resource configuration, regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be assumed.

	vivo
	Needed
	Alt.2 Direction and we are fine with LG’s modification. 

	Intel
	No
	We do not think the spec update is needed. Clause 9.2.1 in 213 clearly indicated the intra-slot frequency hopping for cell specific PUCCH resource. 
	If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as , where  is the total number of initial cyclic shift indexes in the set of initial cyclic shift indexes
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as 
If  and a UE is provided a PUCCH resource by pucch-ResourceCommon and is not provided useInterlacePUCCH-PUSCH in BWP-UplinkCommon
-	the UE determines the PRB index of the PUCCH transmission in the first hop as  and the PRB index of the PUCCH transmission in the second hop as  



 


	NTT DOCOMO
	Yes
	Alt 2 or LGE’s modification.

	ZTE
	Needed.
	Alt 2 or LGE’s modification.

	CATT
	Yes
	We prefer Alt. 1 for the same reason for Question 2.

	Samsung
	No
	Similar view with Intel. As we commented in question 2, there is no ambiguity issue.

	QC
	No
	Same view as Intel that subclause 9.2.1 in TS 38.213 is clear enough. 

	Huawei, HiSilicon
	No
	Both the spec cited by Intel and spec cited by Samsung in Q2, cell specific PUCCH resource shall support intra-slot frequency hopping and no ambiguity on the spec.



Summary of First Round
Based on companies’ comments during the first round discussion, the situation was summarized below.
Issue 1: Determination of frequency hopping index nhop for cell-specific PUCCH transmission is missed
· 7 companies (Ericsson, LG, vivo, Intel, NTT DOCOMO, ZTE, CATT) provided feedback and agreed that determination of frequency hopping index nhop for cell-specific PUCCH transmission is missing in the current subclause 6.3.2.2.1 of TS38.211.
· Regarding whether specification change in TS38.211 is needed, 7 companies (Ericsson, LG, vivo, Intel, NTT DOCOMO, ZTE, CATT) agreed that specification change is needed in TS38.211 to solve the missing case of how to determine nhop for cell-specific PUCCH transmission, while 4 companies (Samsung, QC, Huawei, HiSilicon) mentioned that intra-slot frequency hopping for cell-specific PUCCH transmission is stated in TS38.213 and did not agree to have a specification change in TS38.211. 
· 6 out of 7 companies who agreed the specification change is needed preferred Alt.2 (i.e. include the missing case in the spec), while 1 company mentioned Alt.1 is more future proof and preferred Alt.1.
Issue 2: Ambiguity on sequence modulation and sequence generation of DMRS for cell-specific PUCCH transmission
· 3 companies (LG, NTT DOCOMO, CATT) agreed that ambiguity on sequence modulation and sequence generation of DMRS would be caused for cell-specific PUCCH transmission, while 6 companies (vivo, Intel, Samsung, Qualcomm, Huawei, HiSilicon) did not agree the ambiguity would be caused.
· Regarding whether specification change is needed, 6 companies (Ericsson, LG, vivo, NTT DOCOMO, ZTE, CATT) agreed that the specification change is needed, while 5 companies (Intel, Samsung, Qualcomm, Huawei, HiSilicon) did not agree that the specification change is needed.

According to the discussion, it is commonly understood that the intra-slot FH is applied when the dedicated PUCCH configuration is not provided. For the apparently-conflicting descriptions between 38.211 and 38.213 in terms of intra-slot frequency hopping when the dedicated PUCCH configuration is not provided, it has been argued that, even if the TS38.211 has no relevant description on the aspect, the UE determines the FH pattern according to the description in 38.211 assuming that whether to perform intra-slot FH is determined according to the description in 38.213, and with this interpretation there is no ambiguity. 
Therefore, no consensus to make the spec change is achieved, although there is a small majority of companies that support to have a spec change in TS38.211.
Conclusion
According to the discussion of the email thread, no consensus to make the spec change is achieved. The email thread was closed with R1-2202183 rejected.
References
R1-2202183 “Correction on Intra-slot frequency hopping for PUCCH transmission”, RAN1#108e, Sharp.
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