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1. Introduction
In this contribution, we discuss PUCCH structure in long-duration.
2. UE capability of frequency hopping
In RAN1 #92, it was agreed that PUCCH format 0 and 1 with frequency hopping (FH) is mandatory feature without capability signaling. However, the definition of the FH is not clear because there is a case that UE is configure the higher layer parameter intraSlotFrequencyHopping as “enabled” and the values of startingPRB and secondHopPRB are the same.
We believe non frequency hopping should be also mandatory feature because we have a use case of non-frequency hopping of PUCCH in order to make all UEs (RRC connected) transmit PUCCH within limited frequency resources for non-coverage limited cases. If the meaning of the UE capability of frequency hopping is different PRB indexes between the 1st hop and the 2nd hop, we have to allocate the PRB indexes difference of 1 for the 1st hop and the 2nd hop in such a case. It is clear that the PRB indexes difference of from 1 to 275 is already supported as mandatory; there are no technically difficulties of supporting the PRB indexes difference of 0, i.e. the same PRB index for the 1st hop and the 2nd hop.
So, we propose to clarify the meaning of the capability of FH or Non-frequency hopping is that UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled” or “disabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not.
Observation 1:
· It is beneficial to support PUCCH transmission with the same PRB index for the 1st hop and the 2nd hop as mandatory UE capability.
· There are no technically difficulties of supporting the same PRB index for the 1st hop and the 2nd hop in the UE capability of PUCCH frequency hopping.

Proposal 1:
· UE capability of PUCCH FH (frequency-hopping) is clarified as following:
· The meaning of the capability of FH (frequency-hopping) is UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not.
Proposal 2:
· UE capability of PUCCH Non-frequency hopping is clarified as following:
· The meaning of the capability of Non-frequency hopping is UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled”.

3. Correction of “Intra-slot hopping” in TS38.211
In clause 6.3.2.4.1 of TS 38.211, SF (spreading factor) for PUCCH format 1 is determined by “No intra-slot hopping” or “Intra-slot hopping”. However, the meaning of “No intra-slot hopping” or “Intra-slot hopping” is not clear. We believe the meaning of “No intra-slot hopping” or “Intra-slot hopping” is UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled” or “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not. 
Figure 1 shows an example of SF for PUCCH format 1. As shown in figure 1, UE shall select SF according to the higher layer parameter intraSlotFrequencyHopping = “disabled” or “enabled”. It is beneficial because the large SF has high UE multiplexing capacity and the short SF has a robustness of high Doppler shift. For example, if high Doppler is not assumed, gNB can configure intraSlotFrequencyHopping = “disabled” to improve UE multiplexing capacity; if high Doppler is assumed, gNB can configure intraSlotFrequencyHopping = “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not, to improve the robustness of high Doppler shift.
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(a)  intraSlotFrequencyHopping = “disabled”       (b) intraSlotFrequencyHopping = “enabled”
Figure 1 SF for PUCCH format 1 for the case of startingPRB = secondHopPRB.

Based on the above discussion, we propose as following.
Proposal 3:
· In the table 6.3.2.4.1-1 of TS38.211,
· No intra-slot hopping is replaced as intraSlotFrequencyHopping = “disabled”.
· Intra-slot hopping is replaced as intraSlotFrequencyHopping = “enabled”.

We also provide following text proposal of TS38.211.
	6.3.2.4.1	Sequence modulation
[…]


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, and no intra-slot frequency hopping means UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled” and intra-slot frequency hopping means UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled”.



The orthogonal sequence  is given by Table 6.3.2.4.1-2 where  is the index of the orthogonal sequence to use according to clasue 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.


Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding .
	
PUCCH length, 

	


	
	intraSlotFrequencyHopping = “disabled” No intra-slot hopping


	intraSlotFrequencyHopping = “enabled”Intra-slot hopping

	
	
	

	


	4
	2
	1
	1

	5
	2
	1
	1

	6
	3
	1
	2

	7
	3
	1
	2

	8
	4
	2
	2

	9
	4
	2
	2

	10
	5
	2
	3

	11
	5
	2
	3

	12
	6
	3
	3

	13
	6
	3
	3

	14
	7
	3
	4


[…]




4. Conclusion
In this contribution, we discussed long-PUCCH and proposed following:
Observation 1:
· [bookmark: _GoBack]It is beneficial to support PUCCH transmission with the same PRB index for the 1st hop and the 2nd hop as mandatory UE capability.
· There are no technically difficulties of supporting the same PRB index for the 1st hop and the 2nd hop in the UE capability of PUCCH frequency hopping.

Proposal 1:
· UE capability of PUCCH FH (frequency-hopping) is clarified as following:
· The meaning of the capability of FH (frequency-hopping) is UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled”, regardless of whether the values of startingPRB and secondHopPRB are the same or not.
Proposal 2:
· UE capability of PUCCH Non-frequency hopping is clarified as following:
· The meaning of the capability of Non-frequency hopping is UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled”.
Proposal 3:
· In the table 6.3.2.4.1-1 of TS38.211,
· No intra-slot hopping is replaced as intraSlotFrequencyHopping = “disabled”.
· Intra-slot hopping is replaced as intraSlotFrequencyHopping = “enabled”.
	6.3.2.4.1	Sequence modulation
[…]


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, and no intra-slot frequency hopping means UE is configured the higher layer parameter intraSlotFrequencyHopping as “disabled” and intra-slot frequency hopping means UE is configured the higher layer parameter intraSlotFrequencyHopping as “enabled”.



The orthogonal sequence  is given by Table 6.3.2.4.1-2 where  is the index of the orthogonal sequence to use according to clasue 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots, the complex-valued symbol  is repeated for the subsequent slots.


Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding .
	
PUCCH length, 

	


	
	intraSlotFrequencyHopping = “disabled” No intra-slot hopping


	intraSlotFrequencyHopping = “enabled”Intra-slot hopping

	
	
	

	


	4
	2
	1
	1

	5
	2
	1
	1

	6
	3
	1
	2

	7
	3
	1
	2

	8
	4
	2
	2

	9
	4
	2
	2

	10
	5
	2
	3

	11
	5
	2
	3

	12
	6
	3
	3

	13
	6
	3
	3

	14
	7
	3
	4


[…]
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