3GPP TSG RAN WG1 Meeting #92
R1-1801342
Athens, Greece, February 26th – March 2nd, 2018
Agenda Item:
7.1.3.2.4
Source:
Huawei, HiSilicon
Title:
Remaining issues on resource allocation for PUCCH
Document for:
Discussion and decision 
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 RAN1 AH 1801 meeting, the following agreements for PUCCH resource allocation were made in [2].
· For resource allocation for HARQ-ACK before RRC connection setup  

· 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH resources/parameters

· PUCCH duration of at least {2, 14}

· If frequency hopping is enabled for long PUCCH, the PRB(s) of the two hops are x PRBs away from each edge of the initial UL BWP.
· FFS on x

· FFS on whether to support frequency hopping for short PUCCH

· FFS frequency hopping is always enabled or indicated in RMSI to enable/disable hopping
· Check further offline on the UE feature related discussion
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot

· HARQ-ACK is only one bit without bundling before RRC connection 

In this contribution, we will discuss the remaining issues on resource allocation for PUCCH.
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 in conjunction with implicit mapping is used for PUCCH resource allocation. As described in [3], 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. 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. For example 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. Therefore the UE may select a wrong PUCCH resource to transmit UCI, which may collide with the PUCCH from other UEs. In a word, DCI mis-detection may lead to PUCCH resource collision issue. 
As mentioned in 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 feel that the 3-bit ARI explicit indication method may not suffer from the collision issue and could be a simpler method for PUCCH resource allocation for NR. Having explicit indication of all the PUCCH resources provides more flexibility in the selection of the PUCCH resource to avoid/minimize PUCCH collisions. The drawback is that it increases the DCI overhead with one bit. We see this as a small increase in the DCI payload size considering that it provides a simpler, more robust and more flexible solution.
Proposal 1: Increase the ARI field in the DCI to 3-bits, with no need for an implicit resource allocation method to select the PUCCH resource within the PUCCH resource set.
2.2 PUCCH resource allocation for initial access

In last meeting, some agreements on PUCCH resource allocation for initial access have been reached. In this contribution, we like to discuss some other aspects such as duration of PUCCH, frequency domain resource and the code domain resource.
· Number of symbols in PUCCH: PUCCH with different number of symbols can supply different benefits. For 1-symbol can 2-symbol PUCCH, they can be transmitted in most slot formats and supply a lower access delay. For 10-symbol and 14-symbol PUCCH, they can be used for UE in the cell edge and improve he coverage. In our opinion, in addition to supporting 2-symbol and 14-symbol PUCCH for initial access, PUCCH with 1-symbol and 10-symbol both should be supported as well. For 1-symbol and 10-symbol PUCCH, they will provide more transmission opportunities in various slot formats.
· PRB allocation: Since the initial BWP of different cells may be different, to simplify the design, the occupied PRB(s) can be limited to the fixed location, such as the edge of the initial BWP. That means x is equal to 0. Furthermore, as frequency hopping can supply gain from frequency diversity which is important for initial access, it should always be supported at initial access stage.
· Index of initial CS: the configurable interval of initial CS can balance capacity and intra-interference in the different scenario. To maintain the performance of short PUCCH detection, maybe values of 2 or 4 of interval can be considered in the table.

· Time domain OCC: As there is no performance difference for different OCC codes, the OCC index can be fixed if 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
	0,1,2,3
	-

	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
	0,1,2,3
	-

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

	0100
	0
	1
	4
	13
	PRB 1
	0,1,2,3
	-

	
	1
	14
	4
	0
	PRB 1 & N-1
	0,3,6,9
	0

	0101
	0
	1
	4
	13
	PRB 1, PRB N-2
	0,3
	-

	
	1
	14
	4
	0
	PRB 1 & N-1
	0,3,6,9
	0

	0110
	0
	2
	4
	12
	PRB 1
	0,1,2,3
	-

	
	1
	14
	4
	0
	PRB 1 & N-1
	0,3,6,9
	0

	0111
	0
	2
	4
	12
	PRB 1, PRB N-2
	0,3
	-

	
	1
	14
	4
	0
	PRB 1 & N-1
	0,3,6,9
	0

	1000
	0
	1
	4
	13
	PRB 1
	0,1,2,3
	-

	
	1
	10
	4
	4
	PRB 1 & N-1
	0,3,6,9
	0

	1001
	0
	1
	4
	13
	PRB 1, PRB N-2
	0,3
	-

	
	1
	10
	4
	4
	PRB 1 & N-1
	0,3,6,9
	0

	1010
	0
	2
	4
	12
	PRB 1
	0,1,2,3
	-

	
	1
	10
	4
	4
	PRB 1 & N-1
	0,3,6,9
	0

	1011
	0
	2
	4
	12
	PRB 1, PRB N-2
	0,3
	-

	
	1
	10
	4
	4
	PRB 1 & N-1
	0,3,6,9
	0

	1100
	0
	1
	4
	13
	PRB 1
	0,1,2,3
	-

	
	1
	10
	2
	4
	PRB 1 & N-1
	0,3
	0

	
	1
	14
	2
	0
	PRB 1 & N-1
	0,3
	0

	1101
	0
	1
	4
	13
	PRB 1, PRB N-2
	0,3
	-

	
	1
	10
	2
	4
	PRB 1 & N-1
	0,3
	0

	
	1
	14
	2
	0
	PRB 1 & N-1
	0,3
	0

	1110
	0
	2
	4
	12
	PRB 1
	0,1,2,3
	-

	
	1
	10
	2
	4
	PRB 1 & N-1
	0,2
	0

	
	1
	14
	2
	0
	PRB 1 & N-1
	0,2
	0

	1111
	0
	2
	4
	12
	PRB 1, PRB N-2
	0,3
	-

	
	1
	10
	2
	4
	PRB 1 & N-1
	0,3
	0

	
	1
	14
	2
	0
	PRB 1 & N-1
	0,3
	0


Proposal 2: For PUCCH resource allocation for initial access,

· Besides 2-symbol PUCCH and 14-symbol PUCCH, 1-symbol and 10-symbol PUCCH should be supported;

· Frequency hopping is always enabled, and the PRB(s) of the two hops are x=0 PRBs away from each edge of the initial UL BWP.

· The interval of different initial CS is the same in one PUCCH resource set, and the CS interval of different PUCCH resource set can be different.

2.3 PUCCH resource allocation for non-slot based scheduling
Considering the low latency and high reliability requirement for URLLC, the HARQ-ACK feedback should be transmitted as soon as possible. At this stage, the number of PUCCH resource sets is restricted to 8 using RRC in conjunction with  ARI indication, this might not be enough to meet the 1ms latency requirement, as the choices of starting symbol of PUCCH is limited.
In [5], we discuss some predefined rules which can be used in PUCCH resource allocation for non-slot based scheduling. URLLC UE can get the knowledge of exact position of DL and UL symbols by decoding SFI. Then according to the predefined rules, and based on either indication in the DCI or some higher layer signaling, as well as its feedback capability, URLLC UE can use the earliest available UL PUCCH resource to feedback A/N.

Proposal 3: For non-slot scheduling, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability and SFI.
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:
Proposal 1: Increase the ARI field in the DCI to 3-bits, with no need for an implicit resource allocation method to select the PUCCH resource within the PUCCH resource set.

Proposal 2: For PUCCH resource allocation for initial access,

· Besides 2-symbol PUCCH and 14-symbol PUCCH, 1-symbol and 10-symbol PUCCH should be supported ;

· Frequency hopping is always enabled, and the PRB(s) of the two hops are x=0 PRBs away from each edge of the initial UL BWP.

· The interval of different initial CS is the same in one PUCCH resource set, and the CS interval of different PUCCH resource set can be different.

Proposal 3: For non-slot scheduling, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability and SFI.
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