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1. Introduction
At RAN#90-e meeting, an updated work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which include the following objective: 
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
...
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
…



In this contribution, we discuss on PUCCH resource allocation under PSD limitation to support NR from 52.6 GHz to 71 GHz.
2. Discussion
2.1. PUCCH resource sets before dedicated PUCCH configuration
At RAN1#106-e meeting, the following agreements were made:
	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:
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 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.



A remaining issue to be discussed is a detailed design of PUCCH resource sets before dedicated PUCCH configuration with multiple PRBs. 
In the current specification, for PUCCH resources before dedicated PUCCH configuration, the cell-specific PUCCH resource set is provided in TS 38.213[2] (shown in Table 1). Each row index of the table corresponds to 4 bits indicated via SIB1 PDSCH. It defines a PUCCH format, common PRB offset, a first symbol, a duration and cyclic shift index to be used. In each cell-specific PUCCH resource set, a UE specific PUCCH resource (i.e., UE-specific PRB offset, frequency hopping direction and initial cyclic shift index) is indicated via 3 bits from DCI and 1 bit from CCE index.
Frequency domain resource configuration of the PUCCH resources before dedicated PUCCH configuration is defined considering that only PUCCH format 0/1 can be chosen, for which only 1 PRB is available in Rel-15/16. If multiple PRBs are to be applied for such PUCCH transmissions, how to configure frequency domain resources has to be revisited in terms of both cell-specific and UE specific PUCCH resource configuration.

Table 1: PUCCH resource sets before dedicated PUCCH resource configuration (Table 9.2.1-1 from [2])
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset [image: ]
	Set of initial CS indexes

	0
	0
	12
	2
	0
	{0, 3}

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

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

	3
	1
	10
	4
	0
	{0, 6}

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

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

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

	7
	1
	4
	10
	0
	{0, 6}

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

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

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

	11
	1
	0
	14
	0
	{0, 6}

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

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

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

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



For the PRB offset determination for each PUCCH resource, in our view, there may exist two possible alternatives as shown below.

· Alt.1: The orthogonality for each PUCCH resource set between neighbor cells is maintained
	[bookmark: _Hlk83837639]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
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 number of RBs  is indicated via SIB1 as agreed, and  is defined for each indicated row in the table of cell-specific PUCCH resource sets shown in Table 1 above. In short, Alt.1 considers the number of RBs for both cell-specific PUCCH resource set configuration and UE-specific PUCCH resource selection. Figure 1 below depicts this alternative briefly. 
As can be seen in Figure 1, it can maintain the orthogonality between cell-specific PUCCH resource sets since the PRB offset between them is determined based on  so that overlaps are avoided. On the other hand, the maximum available number of RBs will be limited when we follow Rel-15/16 approach (maximum number of RBs is 5 for 120 and 480 kHz SCS with minimum channel bandwidth although the number of RBs for dedicated PUCCH can be up to 16). 

[image: ]
Fig.1: An example for Alt.1 of PUCCH resource sets before dedicated PUCCH configuration

· Alt.2: PUCCH resource sets for each cell can be overlapped in frequency domain between neighbor cells 
Alt.2-1: cell specific PRB offset is enhanced as 
	[bookmark: _Hlk83837739][bookmark: _Hlk83909218]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
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 number of RBs  is indicated via SIB1 as agreed (same as Alt.1) and  is  where  is indicated value in the PUCCH resource table above.
For Alt.2-1, the maximum available number of RBs can be larger than Alt.1 (maximum number of RB can be 8 for 120 and 480 kHz SCS with minimum channel bandwidth), which can achieve better coverage,  although it is still less than the optimized number agreed in the last e-meeting.. On the other hand, the PUCCH resources of either  or 1 can be overlapped between different cells, while the orthogonality between PUCCH resources can be maintained depending on the deployment.

[image: ]
Fig.2: An example for Alt.2-1 of PUCCH resource sets before dedicated PUCCH configuration

Alt.2-2: cell specific PRB offset is same as in current specification
	[bookmark: _Hlk83912361]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
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 



For Alt.2-2, the maximum available number of RBs can be larger than Alt.1 and Alt.2-1 (maximum number of RB is 14 for 120 and 480 kHz SCS with minimum channel bandwidth), although it is still less than the optimized number agreed in the last e-meeting. On the other hand, the PUCCH resources of both  and 1 can be overlapped between different cells depending on the number of RBs. Thus similar issue to Alt 2-1 will happen.

[image: ]
Fig.3: An example for Alt.2-2 of PUCCH resource sets before dedicated PUCCH configuration

Accordingly, considering the multi-PRB allocation for PUCCH resource sets before dedicated PUCCH resource configuration, there are two possibilities for the frequency domain resource configuration, Alt.1(ensure the user multiplexing capacity as current specification) and Alt.2 (allocate larger number of RBs for better coverage possibility), and it should be discussed further to support which alternative above.

Proposal 1: How to design PUCCH resources before dedicated PUCCH configuration should be discussed based on the following three alternatives for frequency domain resource configuration considering multi-PRB allocation for PF0/1.
· Alt.1:
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
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 
· Alt.2-1: 
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
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 
· Alt.2-2:
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
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 

3. Conclusion
In this contribution, we evaluated and discussed the base sequence design and the number of RB(s) for enhanced PUCCH format 0/1/4 to support NR from 52.6 GHz to 71 GHz. Based on the evaluation results and discussion above, we derived following observations and proposals.

Proposal 1: How to design PUCCH resources before dedicated PUCCH configuration should be discussed based on the following three alternatives for frequency domain resource configuration considering multi-PRB allocation for PF0/1.
· Alt.1:
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
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 
· Alt.2-1: 
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
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 
· Alt.2-2:
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
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 
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