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[bookmark: _Ref68527073]List of agreements
Quite a few agreements were made during RAN1#106-e meeting [1]-[5]:

Conclusion:
For enhanced (multi-RB) PF4, maintain the same maximum UCI payload limit as in Rel-15/16 (115 bits).

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

[bookmark: _Hlk80295069]Agreement:
For PF0/1 for PUCCH resource sets prior to RRC configuration, Alt-2 (sub-PRB interlaced mapping) is not supported.

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 fact, there was only one issue on which consensus could not be reached [5], which is therefore to be discussed during RAN1#106b-e meeting. In this contribution, we provide our views on said remaining issue.

Discussion
The question of PUCCH resource set construction prior to RRC configuration remains still open, the main issues being how the number of RBs should be indicated, and whether or not said number of RBs can be different for each row of (a suitably modified version of) the PUCCH configuration Table 9.2.1-1 in 38.213. The two issues are captured by the following pair of alternatives [5]:

· Alt-1: Indicated value of N_RB (either by signaling or hardwired by specification) is the same, regardless of which row of Table 9.2.1-1 is used, e.g., Example Construction 1
· Alt-2: Value of N_RB is hardwired by specification and is different for each row of Table 9.2.1-1, e.g., Example Construction 2

For the sake of completeness, the following two subsections briefly summarize Alt-1 and Alt-2. 


Alternative 1
Table 9.2.1-1 in 38.213 is used without modification and the same number of RBs, , is assumed for all the rows in the table. The value of  is signaled using a parameter in SIB1 (see list of RAN1#106-e agreements). This alternative is exemplified by Example Construction 1 in [5], which we reproduce below.

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}



Example Construction 1 (same N_RB for each row):
Assuming that N_RB is indicated to the UE somehow (see Alt-1, 2, or 3 in prior Section 6.1), 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 (either signaling or hardwired by specification), 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 where N_RB is provided according to Alt-1, 2, or 3. 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 (see illustration in [12]):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: ]



Alternative 2
The value of  can differ between rows and is indicated, e.g., by a new column in Table 9.2.1-1 in 38.213. This alternative is exemplified by Example Construction 2 in [5], which we reproduce below.
Example Construction 2 (different N_RB for each row):
In this example, N_RB is indicated to the UE according to Alt-2 and is different for each row of the PUCCH configuration table. In one example (see [14]) N_RB could be hardwired as shown in the highlighted column below. Clearly, further discussion would be required on what value of N_RB to support for each row.
Like for Example 1, once N_RB is known for whatever row is indicated by SIB1, the same modification of the text in 38.213 Section 9.2.1 as shown for Example 1 could be used by the UE for determining the PRB indices and initial cyclic shift indices for the PUCCH resources in the set.
 Table 1. Proposed modifications to the common PUCCH resource sets
	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset
	Set of initial CS indexes
	PRBs for 120/ 480/960 kHz SCS

	0
	0
	12
	2
	0
	{0, 3}
	1/1/1

	1
	0
	12
	2
	0
	{0, 4, 8}
	12 / 3 / 2

	2
	0
	12
	2
	3 
	{0, 4, 8}
	4 / 1 / 1

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

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

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

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

	7
	1
	4
	10
	0
	{0, 6}
	1/1/1

	8
	1
	4
	10
	0
	{0, 3, 6, 9}
	12 / 3 / 2

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

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

	11
	1
	0
	14
	0
	{0, 6}
	1/1/1

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

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

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

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



Conclusion
The following proposal, which reflects the fact that Alt-1 enjoys a broader support by companies, was made by the moderator [5]:

Proposal 10	
For 120 and 480 kHz SCS, reuse the Rel-15 PUCCH configuration table 9.2.1-1 for configuration of PUCCH resource sets prior to RRC configuration for enhanced (multi-RB) PUCCH formats 0/1
· As previously agreed, the number of RBs for each PUCCH resource in a set is N_RB which is signaled in SIB1
· The lowest-indexed RB for each PUCCH resource is a function of the N_RB and the RB offset provided by Table 9.2.1-1
· FFS: Further details

In our view, since the value of  can be controlled via a parameter in SIB1, Proposal 10 provides enough flexibility for the network to configure the PUCCH resource set prior to RRC configuration, and we therefore support it. Furthermore, the lowest-indexed RB for each PUCCH resource can be a function of  and  computed according to the 38.213 Section 9.2.1 modified as proposed in “Example construction example 1” in [5].

Proposal 1: Support moderator’s Proposal 10 from RAN1#106-e meeting. The lowest-indexed RB of each PUCCH resource is a function of the  and RB offset provided by Table 9.2.1-1 and can be computed according to Example Construction 1.

Note that for some combinations of , , ) the lowest-indexed RB might end up outside the initial UL BWP, when computed according to “Example Construction 1”. For example, if  then the lowest index of the PUCCH transmissions in the first hop needs to fulfill 

if the corresponding PUCCH resource is to be within the initial UL BWP. When rows 1 to 15 of Table 9.2.1-1 are signaled, the above inequality can be re-written as 
, 	        (1)
with , . When row 16 in Table 9.2.1-1 is signaled, then we have 
,
or, equivalently,
, 	        (2a)
from which it follows that
. 	        (2b)
It can be shown that applying similar considerations to the second hop and/or the case  leads to the same restrictions as above. This issue can be dealt with in various ways:
· The network is in control of  and  and can therefore make sure that the initial UL BWP is not exceeded. That is, the network can choose  and  so as to enforce (1), (2a), (2b) above.
· The computations in “Example Construction 1” could be performed modulo . This is the same as amending 38.213 Section 9.2.1 in the following way:

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: ]

Note that the network still must ensure that the highest-indexed RB of the PUCCH resource fits within the initial UL BWP.

Observation 1: The network can select  and  so as to ensure that the lowest-indexed RB of each PUCCH resource is within the initial UL BWP. Alternatively, operations in 38.213 Section 9.2.1 can be performed modulo .

[bookmark: _Hlk47387515]Conclusions
This document considered enhancements to Rel-17 for PUCCH formats 0/1/4. The following observations and proposals have been made:
Proposal 1: Support moderator Proposal 10 from RAN1#106-e meeting.

Observation 1: The network can select  and  so as to ensure that the lowest-indexed RB of each PUCCH resource is within the initial UL BWP. Alternatively, operations in 38.213 Section 9.2.1 can be performed modulo .
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