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1 Introduction

In RAN1#91 meeting, the following agreements for PUCCH resource allocation were made in [1].
· 2-bit ARI jointly with implicit mapping for PUCCH resource allocation:

· >[4] (no more than 8) PUCCH resources can be configured in a resource set.

· The number of PUCCH resources in a resource set is configured.

· If larger than [4], implicit mapping in addition to explicit indication is also used.

· A sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set

· No additional RRC impact is necessary.

· Otherwise, 3-bit ARI with up to 8 resources per resource set is supported 
· For resource allocation for HARQ-ACK before RRC connection setup: 
· Only PUCCH Format 0 and 1 are supported 
· The resource allocation is derived based on a 4-bit parameter in RMSI 

· FFS other details (no additional RRC impact)
In this contribution, we will discuss the remaining issues on implicit method for PUCCH resource allocation and PUCCH resource allocation for initial access.
2 Remaining issues for PUCCH resource allocation
2.1 Collision issue for implicit indication of PUCCH resource allocation
In RAN1#91 meeting, it was agreed that explicit indication jointly with implicit mapping is used for PUCCH resource allocation. As in [2], if the size of PUCCH resource set is larger than four, the PUCCH resource indicator field will indicate two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through an implicit mapping function to other parameters. However, currently, the method of implicit mapping has not been defined yet. 

In the last meeting, it was proposed to use the starting CCE index of the PDCCH conveying the ARI to indicate the PUCCH resource r in the sub-set by the following formula, 
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where C is the starting CCE index of the PDCCH, L is the aggregation level and M is the number of PUCCH resources per subset. 

In case HARQ-ACK multiplexing or multiple PDCCHs are transmitted for a UE, the starting CCE index is the starting CCE index of the last received PDCCH for the UE. However, the last received PDCCH for the UE may not be the real last PDCCH scheduled by gNB. If the UE does not detect the real last PDCCH scheduled by gNB, actually the UE will determine the PUCCH resource using the starting CCE index of the second last PDCCH scheduled by gNB. The UE may select a wrong PUCCH resource to transmit UCI, which may collide with other UEs. DCI mis-detection will lead to PUCCH resource collision issue. 
As the agreement, if 2 bits ARI jointly with implicit mapping has additional RRC impact, 3-bit ARI with up to 8 resources per resource set is supported. We note that the 3-bit ARI explicit indication method may not suffer from the collision issue and could be a simpler indication method for PUCCH resource allocation, which will work for NR and could be acceptable as well. The drawback is that it increases the DCI overhead with one bit. If an implicit resource allocation method should indeed be adopted, it should be able to handle reasonably well the issue of resource collisions, otherwise we see limited merits of specifying it. 

Observation: Implicit PUCCH resource allocation should only be specified if it can handle and avoid resource collisions, otherwise, NR should use explicit PUCCH resource allocation only. 
2.2 Enhanced implicit method for PUCCH resource allocation
As discussed in section 2.1, if the real last PDCCH is not is not detected by UE, the collision issue is unavoidable. To reduce the collision rate that implicit mapping brings, following enhanced method could be considered for UE to confirm the CCE index information.
In order to reduce the PDCCH mis-detection rate, more than one PDCCH can be used into the implicit method for PUCCH resource allocation. For example, the UE can use the starting CCE index of the first scheduled PDCCH or the last received PDCCH to implicit indicate the PUCCH resource in the sub-set.  and this method needs gNB schedule the first PDCCH and the last PDCCH to implicit indicate the same resource for a specific UE. Through this method, the probability of PDCCH detection can be increased, and the reliability of PUCCH resource selection can be improved. Therefore, we have the following proposal for the implicit method for PUCCH resource allocation.
Proposal 1: If the starting CCE index of the PDCCH is used to convey the ARI to indicate the PUCCH resource implicitly,
· In case HARQ-ACK multiplexing or multiple PDCCH for a UE,
· If the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. 
· If the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.

2.3 PUCCH resource allocation for initial access

For PUCCH resource allocation in initial access, since RRC connection has not been setup, gNB cannot configure PUCCH resource set for UEs by RRC signaling. In last meeting, it was agreed that the PUCCH resource set in initial access is configured by 4-bit parameter in RMSI, but the details need to be discussed further.

In our opinion, caused by the few bits in RMSI, only a few combination of PUCCH resource can be set. That means the configuration of PUCCH resource in PUCCH resource set should be limited. As summary in [3], the number of symbols can be limited into a set of {1, 2, 10, 14}, and the PUCCH format and starting symbol of PUCCH is determined by the number of symbols, which are shown in Table 1.

Table 1. Relationship among number of symbols, starting symbol and PUCCH format

	
	Format 0-1symbol
	Format 0-2symbol
	Format 1

	Starting symbol 
	13
	12
	0
	4

	Number of symbols
	1
	2
	14
	10


Although there are three parameters to be restricted into a limited set, 4-bits in RMSI cannot indicate the complete cases considering the variable PRB allocation, index of initial CS and time domain OCC. So we need to limit the configurability of other parameter further. To make the proper limitation, we need to analyze the usage of remaining parameter and give some design principles.

· Number of symbols: Different number of symbols can supply different benefits. For 1-symbol can 2-symbol PUCCH, they can be transmitted in most of slot type and supply a lower access delay. For 10-symbol and 14-symbol PUCCH, they can be used for UE in the cell edge and guarantee the coverage. 

· PRB allocation: Since the initial BWP of different cells may be different, the same principle of PRB allocation in different neighbor cells can also limit the interference to some extent. The occupied PRB(s) can be limited to the fixed location, such as the edge of the initial BWP.

· Index of initial CS: the configurable interval of initial CS can balance the requirement of capacity and intra-interference in the different scenario, so maybe two value of interval can be considered in the table.

· Time domain OCC: There is no difference of performance for the different OCC codes, the parameter can be a fixed value is 10-symbol/14-symbol PUCCH is configured.

Considering the previous principles, number of symbols is the most important parameter and should be given the biggest flexibility, such as including different combination of number of symbols in different PUCCH resource set. For example, one possible configuration can be found in Table 2.

Table 2. PUCCH resource sets for initial access
	Index in RMSI
	PUCCH format
	Number of symbols
	Number of PUCCH resource
	Starting symbol
	PRB allocation in the initial UL BWP
	Index of initial CS
	Time-domain OCC

	0000
	0
	1
	8
	13
	PRB 1, PRB N-1,
PRB 2, PRB N-2
	0,2
	-

	0001
	0
	1
	8
	13
	PRB 1, PRB N-1,
PRB 2, PRB N-2
	0,3
	-

	0010
	0
	2
	8
	12
	PRB 1, PRB N-1,
PRB 2, PRB N-2
	0,2
	-

	0011
	0
	2
	8
	12
	PRB 1, PRB N-1,
PRB 2, PRB N-2
	0,3
	-

	0100
	0&1
	14&1
	14->4

1->4
	14->0

1->13
	14->PRB 1 & N-1,

1->PRB 1, PRB N-2
	14->0,2,4,6

1->0,2
	14->0

	0101
	0&1
	14&1
	14->4

1->4
	14->0

1->13
	14->PRB 1 & N-1,

1->PRB 1, PRB N-2
	14->0,3,6,9

1->0,3
	14->0

	0110
	0&1
	14&2
	14->4

2->4
	14->0

2->12
	14->PRB 1 & N-1,

2->PRB 1, PRB N-2
	14->0,2,4,6

2->0,2
	14->0

	0111
	0&1
	14&2
	14->4

2->4
	14->0

2->12
	14->PRB 1 & N-1,

2->PRB 1, PRB N-2
	14->0,3,6,9

2->0,3
	14->0

	1000
	0&1
	10&1
	10->4

1->4
	10->4

1->13
	10->PRB 1 & N-1,

1->PRB 1, PRB N-2
	10->0,2,4,6

1->0,2
	10->0

	1001
	0&1
	10&1
	10->4

1->4
	10->4

1->13
	10->PRB 1 & N-1,

1->PRB 1, PRB N-2
	10->0,3,6,9

1->0,3
	10->0

	1010
	0&1
	10&2
	10->4

2->4
	10->4

2->12
	10->PRB 1 & N-1,

2->PRB 1, PRB N-2
	10->0,2,4,6

2->0,2
	10->0

	1011
	0&1
	10&2
	10->4

2->4
	10->4

2->12
	10->PRB 1 & N-1,

2->PRB 1, PRB N-2
	10->0,3,6,9

2->0,3
	10->0

	1100
	0&1
	10&14&1
	10->2

14->2
1->4
	14->0

10->4

1->13
	14->PRB 1 & N-1,

10->PRB 1 & N-1,

1-> PRB 1, PRB N-2
	10->0,2

14->0,2

1->0,2
	10->0

14->0

	1101
	0&1
	10&14&1
	10->2

14->2
1->4
	14->0

10->4

1->13
	14->PRB 1 & N-1,

10->PRB 1 & N-1,

1-> PRB 1, PRB N-2
	10->0,3

14->0,3

1->0,3
	10->0

14->0

	1110
	0&1
	10&14&2
	10->2

14->2
2->4
	14->0

10->4

2->12
	14->PRB 1 & N-1,

10->PRB 1 & N-1,

2-> PRB 1, PRB N-2
	10->0,2

14->0,2

2->0,2
	10->0

14->0

	1111
	0&1
	10&14&2
	10->2

14->2
2->4
	14->0

10->4

2->12
	14->PRB 1 & N-1,

10->PRB 1 & N-1,

2-> PRB 1, PRB N-2
	10->0,3

14->0,3

2->0,3
	10->0

14->0


Proposal 2: Considering to balance the access latency and coverage, different combination of number of symbols in different PUCCH resource set should be supported. 
3 Conclusion
The contribution mainly discusses remaining issue on implicit method of PUCCH resource allocation, Based on the discussion, we have the following observation and proposals:
Observation: Implicit PUCCH resource allocation should only be specified if it can handle and avoid resource collisions, otherwise, NR should use explicit PUCCH resource allocation only. 
Proposal 1: If the starting CCE index of the PDCCH is used to convey the ARI to indicate the PUCCH resource implicitly,
· In case HARQ-ACK multiplexing or multiple PDCCH for a UE,
· If the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. 

· If the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.

Proposal 2: Considering to balance the access latency and coverage, different combination of number of symbols in different PUCCH resource set should be supported. 
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Appendix
Text proposal in 38.213 v15.0.0
--------------------------------------Start of Text Proposal ----------------------------------------------

9.2.3
UE procedure for reporting HARQ-ACK

If the PUCCH-resource-set-size is larger than four and the PUCCH resource indicator field indicates two PUCCH resources, the UE determines a PUCCH resource from the two PUCCH resources through a mapping function based on the starting CCE of received PDCCH. The mapping function is as following
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where C is the starting CCE index of the PDCCH, L is the aggregation level and M is the number of PUCCH resources per subset. In case HARQ-ACK multiplexing or multiple PDCCH for a UE, If the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. If the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.
---------------------------------- End of Text Proposal --------------------------------------
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