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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN#90e meeting, the “Enhancements for PUCCH formats 0/1/4” was approved. The objective of the work item is presented in [1]. The objective in [1] is:
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In RAN1#106-e meeting [2], the following agreements were made:Agreement:
· For enhanced (multi-RB) PF4, the UCI payload is rate matched to the configured number of RBs, N_RB
· Note: This is analogous to Rel-16 for PF2/3 when interlacing is configured when there is a fixed number of RBs for the configured interlace(s).

Agreement:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP

Agreement:
For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.

[bookmark: _GoBack]Agreement:
In the following, Alt-1 and Alt-2 refer to the RE mapping agreement for 120 kHz from RAN1#105-e:
· For enhanced PF0/1, for PUCCH resources after RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.
· For DMRS of enhanced PF4, only Alt-1 is supported (all REs within each RB are mapped).
· Note: optimization of user multiplexing for enhanced PUCCH format 0/1/4 is not considered in Rel-17.

Agreement:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 120 kHz SCS


Agreement:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers

Agreement:
The maximum configured number of RBs, N_RB, for enhanced PF 0/1/4 is given by 16 RBs for 480 and 960 kHz SCS (same as for 120 kHz SCS).

Agreement:
For enhanced PF0/1 support a single sequence of length equal to the total number of mapped Res of of the PUCCH resource is used. Cyclic shifts for PF0/1 are defined in the same way as Rel-16 for the case that useInterlacePUCCH-PUSCH is not configured.
· Note: this is Alt-1 from the RAN1#104 agreement

In this contribution, we study different design options corresponding to the objective of the work item and we propose some ways to move forward.

2. Discussion
1 
2 
PUCCH Resource Sets Configuration
RRC connected UE
In RAN1#106-e meeting, the following agreements were made [2]:
Agreement#1:
· Support an RRC parameter to configure the number of RBs for a PUCCH resource for each of enhanced PUCCH formats 0, 1, and 4
· The parameter is provided by dedicated signaling (per UE) per BWP
[bookmark: _Hlk80295069]Agreement#2:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]For RRC connected UEs, it is beneficial to update the number of RBs with the change of PUCCH transmission power. For example, when the UE is in the cell center, the PUCCH transmission power will be smaller, reducing the number of RBs can improve the resource utilization; when the UE is at the cell edge, increasing the number of RB can improve the PUCCH max transmission power, which can enhance the coverage performance. To achieve this, one issue for gNB is how to calculate the number of RBs or how to obtain the UE transmission power.
[bookmark: OLE_LINK14]For RRC connected UEs, it is beneficial to update the number of RBs with the change of PUCCH transmission power.
One solution is that gNB can calculate the number of RBs based on the information reported by UE such as PHR (Power Headroom Report). For example, the gNB can associate different PHR values with different numbers of RB, or calculate the number of RB from the PHR values. 
[bookmark: OLE_LINK9][bookmark: OLE_LINK12][bookmark: OLE_LINK7][bookmark: OLE_LINK8]There are two types of PHR in 38.213[3], one is type 1 for PUSCH transmission and the other is type 3 for SRS transmission. Since the transmission power of PUCCH is different from that of PUCCH and SRS, it is suggested to introduce a new type of PHR for PUCCH transmission.
For RRC connected UEs, a PHR for PUCCH can be introduced to help gNB to calculate the number of RBs.
For initial accessed UE, information such as the reference number of RBs for PUCCH, PHR etc., could also be reported in MSG3 to help the gNB to calculate the number of RBs.
For initial accessed UEs, information could be reported in MSG3 to help gNB to determine the number of RBs.

Initial access process
In RAN1#106-e meeting, the following agreement was made [2]:
· For PUCCH resource sets prior to RRC configuration, support a parameter in SIB1 that indicates the number of RBs for enhanced (multi-RB) PUCCH format 0/1
As mentioned above, during the initial access process, the configuration of the RB number for the PUCCH could be informed by SIB1. There are two methods for the gNB to inform the number of RBs for PUCCH.
Option1: The gNB uses SIB1 to configure an index of PUCCH resource sets which is associated with the number of RBs similar to the table in [3].
Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	Index
	PUCCH format
	First symbol
	Number of symbols
	Number of RBs
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	1
	0
	{0, 3}

	1
	0
	12
	2
	1
	0
	{0, 4, 8}

	2
	0
	12
	2
	12
	3
	{0, 4, 8}

	3
	1
	10
	4
	1
	0
	{0, 6}

	4
	1
	10
	4
	1
	0
	{0, 3, 6, 9}

	5
	1
	10
	4
	12
	2
	{0, 3, 6, 9}

	6
	1
	10
	4
	12
	4
	{0, 3, 6, 9}

	7
	1
	4
	10
	1
	0
	{0, 6}

	8
	1
	4
	10
	1
	0
	{0, 3, 6, 9}

	9
	1
	4
	10
	12
	2
	{0, 3, 6, 9}

	10
	1
	4
	10
	12
	4
	{0, 3, 6, 9}

	11
	1
	0
	14
	1
	0
	{0, 6}

	12
	1
	0
	14
	1
	0
	{0, 3, 6, 9}

	13
	1
	0
	14
	12
	2
	{0, 3, 6, 9}

	14
	1
	0
	14
	12
	4
	{0, 3, 6, 9}

	15
	1
	0
	14
	1
	[image: ]
	{0, 3, 6, 9}



The values in the table indicates number of RBs for 120 kHz SCS. For 480 or 960 kHz SCS, the values should be scaled by 1/4 or 1/8. If the value for 480 or 960 kHz SCS is not an integer, it needs to be rounded up.
Option2: The number of RBs for PUCCH format 0/1/4 can be indicated by SIB1 directly. For example, one bit in SIB1 can be used to indicate the number of RBs is 1 or N_RB_Max.
Option 1 is easier to understand and implement than Option2 and minimizes the impact on standards.
For common PUCCH resource sets, the gNB needs to indicate the number of RBs for PUCCH format 0/1/4 of 120 kHz SCS. For 480 or 960 kHz SCS, the values can be scaled by 1/4 or 1/8.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Because the number of RBs greater than 1 is supported, the PRB offset value also needs to be scaled by the number of RBs for inter-cell frequency division multiplexing, which ensure that the multi-RB PUCCH resources in the set do not overlap each other (see illustration in[3]):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 lowest PRB index of the PUCCH transmission in the first hop as  and the lowest 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 lowest PRB index of the PUCCH transmission in the first hop as  and the lowest PRB index of the PUCCH transmission in the second hop as 
-	the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as [image: ]


The PRB offset value also needs to be scaled by the number of RBs for inter-cell frequency division multiplexing, which ensure that the multi-RB PUCCH resources in the set do not overlap each other.

PUCCH Power Control
In RAN1#106-e meeting, the following agreement was made [2]:
For the agreed RRC parameter that configures the number of RBs for a PUCCH resource, the value range is given by the following, where N_RB_Max is the maximum number of RBs per SCS value
· For enhanced PF0/1
· All integer values in the range [1 .. N_RB_Max]
· For enhanced PF4
· All integer values in the range [1 .. N_RB_Max] that fulfil the requirement  where  is a set of non-negative integers
In [3], if a UE transmits a PUCCH on active UL BWP [image: ] of carrier [image: ] in the primary cell [image: ] using PUCCH power control adjustment state with index[image: ], the UE determines the PUCCH transmission power [image: ] in PUCCH transmission occasion [image: ] as
[image: ] [dBm]
where 
-	[image: ] is the UE configured maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier [image: ] of primary cell [image: ] in PUCCH transmission occasion [image: ]
In R16, PUCCH power control is related to the maximum transmission power of the user, which only depends on the user's capability. However, for 52.6GHz~71GHz, the transmission power limit is also variable when the number of RB is variable. So the maximum transmission power for different RB number will also change accordingly. If the maximum power for different RB configurations is the same, the transmitted power on each RB may be higher than the PSD limit. So it is needed to modify the PUCCH power control formula. For 52.6GHz~71GHz, the formula may change as below:


where

-	 is the UE maximum output power for the configured number of RBs for a PUCCH resource
-	[image: ] is the maximum output power defined in [8-1, TS 38.101-1], [8-2, TS38.101-2] and [8-3, TS38.101-3] for carrier [image: ] of primary cell [image: ] in PUCCH transmission occasion [image: ]

-	 is calculated by the PSD limit and the configured number of RBs for a PUCCH resource. The PSD is defined for 1 RB power limit.
PUCCH power control is based on the maximum transmission power of the user equipment, which only depends on the user's capability.
It is needed to modify the maximum transmission power in the PUCCH power control formula for different configured number of RBs.
3. Conclusions
This contribution discussed the PUCCH enhancements for the support of NR operation up to 71 GHz. We have the following observations and proposals,

· Observation 1: For RRC connected UEs, it is beneficial to update the number of RBs with the change of PUCCH transmission power.
· Observation 2: PUCCH power control is based on the maximum transmission power of the user equipment, which only depends on the user's capability.
· Proposal 1: For RRC connected UEs, a PHR for PUCCH can be introduced to help gNB to calculate the number of RBs.
· Proposal 2: For initial accessed UEs, information could be reported in MSG3 to help gNB to determine the number of RBs.
· Proposal 3: For common PUCCH resource sets, the gNB needs to indicate the number of RBs for PUCCH format 0/1/4 of 120 kHz SCS. For 480 or 960 kHz SCS, the values can be scaled by 1/4 or 1/8.
· Proposal 4: The PRB offset value also needs to be scaled by the number of RBs for inter-cell frequency division multiplexing, which ensure that the multi-RB PUCCH resources in the set do not overlap each other.
· Proposal 5: It is needed to modify the maximum transmission power in the PUCCH power control formula for different configured number of RBs.

4. [bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref6583376][bookmark: _Ref167612875][bookmark: _Ref167612671]RP-202925, “Revised WID: on Extending current NR operation to 71 GHz”
3GPP TSG RAN WG1, “RAN1 Chairman’s Notes”, Meeting #106-e, e-Meeting, August 16th – 27th, 2021”
3GPP TS 38.213, “NR; Physical layer procedures for control”
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