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1. Introduction
The following WID objectives related to PUCCH were made in RAN#90-e meeting [1]:
	· Physical layer aspects including [RAN1]:
· 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 and provide views on the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz, in terms of the resource allocation and the sequence design under the regulatory requirement.

2. Discussions 
2.1 Considerations for common PUCCH resource set index 15
	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:
· Reuse the existing Rel-15/16 PUCCH configuration Table 9.2.1-1 in 38.213 for configuration of PUCCH resource sets prior to dedicated PUCCH configuration for 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 N_RB
· The following example change to 38.213 Section 9.2.1 can be recommended to the editor of 38.213 to use at the editor’s discretion (subject to resolution of the below FFS on the value of X)
---- Start ----
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: ]
	  ---- End ----
· FFS: Supported value of X. Down-select to one of the following alternatives:
· Alt-1: X = N_RB
· Note: This alternative is mathematically equivalent to Example Construction 1 discussed in RAN1#106-e.
· Alt-2a: X is a fixed value less than N_RB, e.g., 1, N_RB / 2, …
· Alt-2b: X is configurable, e.g., via SIB1
· FFS: Whether or not the spec explicitly captures either or both of the following error cases related to a potential RB shortage issue:
· Case 1: Some of the RBs of a PUCCH resource fall outside the initial UL BWP
· Case 2: An indicated PUCCH resource with r_PUCCH ≥ 8 overlaps the RBs of a PUCCH resource with r_PUCCH < 8. 
· FFS: Whether or not special handling for PUCCH resource set index 15 is necessary.

Agreement:
· In the RAN1#106bis-e agreement on construction of PUCCH resource sets prior to dedicated PUCCH configuration, the following is supported at least for PUCCH resource set indices 0 .. 14 in Table 9.2.1-1 (Alt-1 in the agreement):
· 
· FFS: Down select to one of the following alternatives for PUCCH resource set index 15
· Alt-a: 
· Alt-b: Alternative handling (to be defined)


In RAN1#106-e [2], it was agreed to support multi-RB allocation for the PUCCH resource prior to RRC configuration and the number of RBs can be indicated by SIB1. In RAN1#106bis-e [3], the scaling factor X for PRB offset to calculate starting PRB index was agreed as  at least for the PUCCH resource set indices 0 … 14 in Table 9.2.1.-1 in TS 38.213. However, it was left as FFS whether the same scaling factor X is also applied to the PUCCH resource set index 15 or the alternative handling is defined for the PUCCH resource set index 15.
During the RAN1#106bis-e meeting, we raised the concerns that the PUCCH resource set index 15 is not a useful configuration for the case of NRB > 1 since the PUCCH resources will overlap PUCCH resources with other values of r_PUCCH and the frequency hopping will not follow the same pattern as Rel-15. In order to show the problem that will lead to poor performance when NRB > 1 for Index 15 more clearly, the following figures show that the examples of PUCCH resource configuration according to the different NRB value when X=NRB is directly applied to Index 15.
(TS 38.213) 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 NR, each initial PUCCH resource set consists of 16 PUCCH resources, and the number of PRBs required to create 16 resources was determined according to the number of initial CS indexes. For PUCCH resource set index 15, 4 PRBs (i.e., 4 FDM resources) are required to provide 16 PUCCH resources when a single RB allocation design for PUCCH formats 0 and 1. Therefore, the PUCCH resource configuration for the PUCCH resource set index 15 can be depicted as below when NRB=1 in the initial bandwidth part with the available number of RB of 50.

 
Figure 1. An example of PUCCH resource configuration for the case of NRB=1
For the case of NRB=2 and 3, 16 PUCCH resources can be obtained, but unlike the original intention of PRB offset  for the PUCCH resource set index 15, PUCCH resources are invading the PRB offset area located above and below the initial BWP and the frequency hopping pattern is different from Rel-15 as shown in Figure 2 and Figure 3.


Figure 2. An example of PUCCH resource configuration for the case of NRB=2


Figure 3. An example of PUCCH resource configuration for the case of NRB=3
When NRB4, all PUCCH resources are located outside the initial BWP, so there is no PRB left for the PUCCH resource. Hence, applying the scaling factor  as same as other indices for PRB offset to calculate starting PRB index for the PUCCH resource set index 15 will lead to poor performance when NRB > 1 and also against the original design intention. Therefore, the following CR should be adopted for the PUCCH resource set index 15 which is equivalent to the X=1 in previous agreement:
	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, and  if pucch-ResourceCommon indicates index 15 and  otherwise
-     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 , where  if pucch-ResourceCommon indicates index 15 and  otherwise
-     the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  


 
Proposal #1: Adopt the following CR where X= for PUCCH resource set index 0 to 14 and X=1 for the PUCCH resource set index 15:
	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, and  if pucch-ResourceCommon indicates index 15 and  otherwise
-     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 , where  if pucch-ResourceCommon indicates index 15 and  otherwise
-     the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  



3. Conclusions
In this contribution, the enhancements for PUCCH format 0/1/4 to support NR above 52.6 GHz were discussed, and the followings are proposed.
Proposal #1: Adopt the following CR where X= for PUCCH resource set index 0 to 14 and X=1 for the PUCCH resource set index 15:
	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, and  if pucch-ResourceCommon indicates index 15 and  otherwise
-     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
[bookmark: _GoBack]-     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  if pucch-ResourceCommon indicates index 15 and  otherwise
-     the UE determines the initial cyclic shift index in the set of initial cyclic shift indexes as  
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Lowest RB offset (=BWP/4) = 25 RBs)
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Highest RB offset (=BWP/4)  = 25 RBs)
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NRB = 2


High frequency


r_PUCCH = 0, 1, 2, 3


r_PUCCH = 4, 5, 6, 7


r_PUCCH = 12, 13, 14, 15


r_PUCCH = 8, 9, 10, 11


Lowest RB offset (=BWP/4*2 = 50 RBs)


Highest RB offset (=BWP/4*2 = 50 RBs)


Low frequency



image6.emf
I

n

i

t

i

a

l

 

U

L

 

B

W

P

 

(

e

.

g

.

,

 

1

0

0

 

R

B

s

)

N

RB 

= 3

High 

frequency

r_PUCCH = 0, 1, 2, 3

r_PUCCH = 4, 5, 6, 7

r_PUCCH = 12, 13, 14, 15

r_PUCCH = 8, 9, 10, 11

H

i

g

h

e

s

t

 

R

B

 

o

f

f

s

e

t

 

(

=

B

W

P

/

4

*

3

 

=

 

7

5

 

R

B

s

)

Low 

frequency

L

o

w

e

s

t

 

R

B

 

o

f

f

s

e

t

 

(

=

B

W

P

/

4

*

3

 

=

 

7

5

 

R

B

s

)


oleObject3.bin
Initial UL BWP (e.g., 100 RBs)


NRB = 3


High frequency


r_PUCCH = 0, 1, 2, 3


r_PUCCH = 4, 5, 6, 7


r_PUCCH = 12, 13, 14, 15


r_PUCCH = 8, 9, 10, 11


Lowest RB offset (=BWP/4*3 = 75 RBs)


Highest RB offset (=BWP/4*3 = 75 RBs)


Low frequency



image1.wmf
(

)

CS

PUCCH

mod

8

N

r

-


image2.wmf
offset

BWP

RB


