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Introduction
In RAN #90e, a Rel-17 work item (WI) for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As part of the work item, the study on the physical layer aspects of PUCCH includes following: 
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
In past meetings from RAN1#104e to 106-e, agreements on most design items have been reached on the enhancements for PUCCH 0/1/4. In this contribution, we provided our views on the cyclic shift design for enhanced PUCCH Format 0/1 and common PUCCH resource construction. Our proposals on these design aspects are made based on our views.
Discussion
Dedicated multi-RB PUCCH PF0/1
In RAN1 #106e, following agreement has been reached: 
	[bookmark: _Hlk71410431]Agreement
For enhanced PF0/1 support a single sequence of length equal to the total number of mapped Res 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



As it has been agreed to use long sequence for multi-RB PF 0/1, remaining details are how to designate cyclic shift for different information contents/bits, and how to design initial Cyclic shift for multi-RB PF 0/1
Recall that for PF0 with base sequence of length 12, the cyclic shift  varies as a function of the symbol and slot number according to following Eq. 1.
                                        Eq. 1

As multi-RB PF0 is extended to a longer base sequence length, for the cyclic shift  varying as a function of the symbol and slot number, Eq. 1 should be updated to following Eq.2 where M is the number of RBs occupied by the PUCCH. Note that for multi-RB PUCCH format 0 on FR2-2, as it is contiguous RB assignment, =0.
                                         Eq. 2 
In following sub-sections, we like to present our views on  for PF0 and  for PF0/1 on FR2-2.
Cyclic shift design for multi-RB PUCCH format 0
In Rel-15 legacy design of one-RB PUCCH PF0, different information bits are carried through different cyclic shifts (s) between 0 and 11. More specifically, 1-bit A/N is carried with ={0, 6} for {NACK, ACK} respectively; 2-bits A/N is through ={0, 3, 6, 9}. When a PUCCH for SR occurs in a same slot as A/N bearing PUCCH PF0, the A/N bearing PUCCH resource is selected to carry both A/N and SR indication together: 1-bit A/N together with SR indication is through  of {0, 3, 6, 9} and 2-bits A/N together with SR indication is through  of {0, 1, 3, 4, 6, 7, 9, 10}.
In Rel-15, the design philology for 1-RB PF0 (or multi-RB with repetition of length-12 sequence) is to maximize the separation between s carrying different information content. For multi-RB PF0, it is natural to apply same philosophy and to maximize the separation between different information-bearing CSs. More specifically, we have following proposal:
[bookmark: p1]Proposal 1: for a M-RB PF0, information bearing Cyclic shifts are chosen as below:
· For 1-bit A/N, use  {0, 6}*M
· For 2-bit A/N, use  {0, 3, 6, 9}*M
· For 1-bit A/N + SR, use  {0, 3, 6, 9}*M
· For 2-bit A/N + SR, use  {0, 1,  3,  4,  6, 7,  9, 10}*M
Note that when M=1, proposal 1 falls back to current legacy design of 1-RB PF0.

Initial cyclic shift for multi-RB PF 0/1
For single RB PF 0/1 and interlaced PF 0/1 in Rel-16, as the total number of cyclic shifts is 12, the value range of initial CS is [0,11]. As PF 0/1 is extended to multi-RB and thus its total number of base sequences is enlarged, the value of  should be scaled up too. 
One option is to allow the initial Cyclic shift  to occupy all possible values of cyclic shift. More specifically, for a M-RB PF 0/1, the may take any value between [0, 12*M-1].
Another option is to keep the current value range of  of [0,11} and a UE may simply scale it up by M, the number of RBs occupied by the PUCCH. With this option, for a M-RB PF 0/1, its initial CS may take values of {0, M, 2M,…,11M}. Compared to the option above, the advantage of this option is that the parameter initialCyclicShift in RRC configuration does not requires additional bits and stay unchanged as in Rel-15/16, UE will just scale it up locally based on the number of RBs configured for the PUCCH PF 0/1. While this option is less flexible than the option of [0, 12*M-1], we believe it is not necessarily for  to take all possible values between [0,12*M-1].
Both options fall back to current legacy design when M=1.
[bookmark: p2]Proposal 2: for a M-RB PF0/1, value range of initial Cyclic shifts  should be extended with one of following options:
· Option 1: extend it to [0, 1, … , 12M-1].
· Option 2: extend it to [0, 1, … , 10, 11]*M 

Common PUCCH resource set
In RAN1 #106e, following agreement has been reached: 
	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



During the phase of email discussion of RAN1 #106e, FL has also summarized/illustrated following procedure to construct the 16 common PUCCH resource [3]. The example construction 1 is copied below with updates based on latest agreements in the meeting of RAN1 #106e:
Example Construction 1 (same N_RB for each row):
After N_RB is indicated to the UE in SIB1, the UE assumes that the indicated number of RBs is the same for whatever row of the PUCCH configuration table is indicated in SIB1. In this case, Table 9.2.1-1 could be used “as is.” It is also assumed that by implementation, the gNB ensures that whatever row of the table is indicated, that the indicated N_RB and initial UL BWP size are compatible to ensure that 16 PUCCH resources can be constructed as per Rel-15/16.
Once N_RB is known, the UE could then determine the PRB indices and the initial cyclic shift indices for the PUCCH resources in the set based on the following simple modification of the text in 38.213 Section 9.2.1. This would preserve the frequency hopping pattern used in Rel-15/16, and further ensure that the multi-RB PUCCH resources in the set do not overlap each other: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: ]


Table 9.2.1-1: PUCCH resource sets before dedicated PUCCH resource configuration 
	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}




In below subsections, we want to present our views on some details of the common resource construction procedure.

Insufficient/invalid common PUCCH resource
First, consistent with what we have mentioned in email discussion, we disagree with that “It is also assumed that by implementation, the gNB ensures that whatever row of the table is indicated, that the indicated N_RB and initial UL BWP size are compatible to ensure that 16 PUCCH resources can be constructed as per Rel-15/16”. As we have stated previously, the whole motivation of this WI is to increase PUCCH 0/1/4 coverage, common PUCCH resource PF 0/1 should be able to occupy 16 RBs same as dedicated PUCCH resource if the use case requires maximal coverage, regardless of the initial UL BWP size. Otherwise, NW coverage may be bottlenecked at common PUCCH. In other words, NW should not scarify coverage performance simply because it needs to provide all 16 common PUCCH resources.
It is agreed that for FR2-2, the minimum bandwidth with 120kHz SCS is 100MHz, which corresponds to 69 RBs without considering guard band. With agreed maximum number of RBs for PF0 being 16, this means that in certain scenario, NW may only configure 4 non-overlapping common PUCCH resource following example 1 procedure. As an example, with an initial UL BWP of size 100MHz and if NW configures an index 2 of table 9.2.1-1 and 16-RB for common PF0/1, all common PUCCH resource will be outside of initial UL BWP.
While it is prohibited to solve RB shortage issue based on previous agreements, and it may be left to gNB to schedule UE to use some proper common PUCCH resource. We think it is important for both gNB and UE to explicitly agree that some common PUCCH resource may be invalid. For example, if a common PUCCH resource occupies some RBs whose index is  outside of initial UL BWP, it should be treated as invalid (in this case, common PUCCH resource set provides less than 16 resources). For an invalid common PUCCH resource, gNB should never schedule a UE to use such a resource, and UE will treat it as error case whenever it is scheduled to use such a resource.
Another less severe case is partial overlapping between the first 8 common PUCCH resources and second 8 common PUCCH resources. In this case, RBs occupied by a common PUCCH resource is within the initial UL BWP, however, it may occur that some RBs occupied by the first 8 resources (r_pucch <8) cross the center RB of the UL BWP, so some RBs may be simultaneously used by two common resources, one with r_pucch<8 and the other one with r_pucch >=8.
Similarly, it may be up to gNB implementation not to schedule multiple UEs to occupy same RB for common PUCCH resource if it is capable of doing so. For the example of partial overlapping between 16 common resource, one more clear way, is that gNB and UE agree that a common PUCCH resource with r_pucch >=8 is invalid if its RBs overlap with RBs used by some common PUCCH resource with r_pucch<8. UE does not expect to be indicated to use such a resource.

[bookmark: p3]Proposal 3: Based on construction process in example 1, a common PUCCH resource is invalid if some of its occupied RBs is outside the initial UL BWP. gNB should never schedule UE with such a resource, and UE shall treat it as an error case when it is scheduled to use such a common PUCCH resource.
[bookmark: p4]Proposal 4: Based on construction process in example 1, if one of common resource with r_pucch>=8 uses some RBs occupied by common resource with r_pucch<8, this resource should be invalidated by spec.  gNB should never schedule UE with such a resource, and UE shall treat it as an error case when it is scheduled to use such a common PUCCH resource.

Initial CS for multi-RB common PUCCH resource PF 0/1 
Similar to the initial CS for dedicated PUCCH resource, the initial CS for multi-RB common PUCCH resource should also be scaled to maximize the separation between different UEs occupying same RBs.
Just as how the  is scaled up in the procedure of the common PUCCH resource construction, the initial CS of a common PUCCH resource should also be scaled up by the number of RBs.
[bookmark: p5]Proposal 5: For a common PUCCH resource M-RB PF 0/1, the UE determines the initial cyclic shift index  where  is the i-th CS index from the set of initial CS indexes, and i is determined as for  and as  for .
Conclusion
In this contribution, we discussed various aspects on possible enhancement for PUCCH format 0/1 in 60GHz unlicensed band. Our proposals are summarized below:
Proposal 1: for a M-RB PF0, information bearing Cyclic shifts are chosen as below:
· For 1-bit A/N, use  {0, 6}*M
· For 2-bit A/N, use  {0, 3, 6, 9}*M
· For 1-bit A/N + SR, use  {0, 3, 6, 9}*M
· For 2-bit A/N + SR, use  {0, 1,  3,  4,  6, 7,  9, 10}*M
Proposal 2: for a M-RB PF0/1, value range of initial Cyclic shifts  should be extended with one of following options:
· Option 1: extend it to [0, 1, … , 12M-1].
· Option 2: extend it to [0, 1, … , 10, 11]*M 
Proposal 3: Based on construction process in example 1, a common PUCCH resource is invalid if some of its occupied RBs is outside the initial UL BWP. gNB should never schedule UE with such a resource, and UE shall treat it as an error case when it is scheduled to use such a common PUCCH resource.
Proposal 4: Based on construction process in example 1, if one of common resource with r_pucch>=8 uses some RBs occupied by common resource with r_pucch<8, this resource should be invalidated by spec.  gNB should never schedule UE with such a resource, and UE shall treat it as an error case when it is scheduled to use such a common PUCCH resource.
Proposal 5: For a common PUCCH resource M-RB PF 0/1, the UE determines the initial cyclic shift index  where  is the i-th CS index from the set of initial CS indexes, and i is determined as for  and as  for .
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