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[bookmark: _Ref124589705][bookmark: _Ref129681862]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.
· [bookmark: OLE_LINK243][bookmark: OLE_LINK244]Otherwise, 3-bit ARI with up to 8 resources per resource set is supported 
· [bookmark: OLE_LINK253][bookmark: OLE_LINK254]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)
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]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 RAN1 #92 meeting, the following agreements for PUCCH resource allocation were made in [3].
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]3-bit ARI for DCI 1_0 and DCI 1_1
· 
At least 8 (up to 32) PUCCH resources can be configured in a resource set with 
· CCE-index-based implicit mapping is additionally used when >8 resources are configured.
· Note: Increasing RRC value range from 8 to 32
· 
8 PUCCH resources are configured in a resource set with .
· No implicit mapping
· Note: Changing RAN1#91 agreement.
· For resource allocation for HARQ-ACK before a UE has a dedicated PUCCH configuration, 
· Additional PUCCH durations include:
· 4-symbol, 
· starting from Symbol#10.
· 10-symbol, 
· starting from Symbol#4 
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequeny hopping is always enabled for PUCCH transmission for FR1 and FR2.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH format is cell-specific and derived from RMSI indication.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration,
· PUCCH duration and starting symbol are cell-specific and derived by RMSI.
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI.
· PRB indices are determined based on ARI and RMSI.
In this contribution, we will discuss the remaining issues on resource allocation for PUCCH.
Remaining issues for PUCCH resource allocation
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 when the number of PUCCH resource is larger than 8 in a PUCCH resource set, and a CCE-index-based implicit mapping is used.
In the last meeting, two CCE-index based implicit indication methods were proposed. First, it was proposed in [2] to use the starting CCE index of the last received PDCCH to determine the PUCCH resource r in the sub-set by the following formula, 


[bookmark: OLE_LINK300][bookmark: OLE_LINK301][bookmark: _Hlk504635855]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. Then, it was proposed in [3] that an improved CCE-index-based approach by adding a pseudo-random offset to the starting CCE index. To further randomize the collision, the offset can be configured in a UE specific manner.
Both of these methods use aggregation level (parameter “L”) in implicit indication derivation, which could lead to some misalignment between gNB and UE. The aggregation level misalignment issue has been noticed in RAN1#92 meeting, and was discussed in DL control session. If gNB sends a 16 CCE-aggregation level PDCCH at CCE index 16N (N = 1,2,3,…), UE may detect it as a 8 CCE-aggregation level PDCCH. When the issue happens, gNB and UE will have a different understanding on C/L.
To avoid the misalignment between gNB and UE, the aggregation level should be removed from the formula. Furthermore, to avoid the constant PUCCH resource conflict between two CCE indices, especially in the high aggregation level cases, a pseudo-random sequence generated in a UE-specific manner can  be introduced, which is shown as in the following,





[bookmark: OLE_LINK21][bookmark: OLE_LINK31]where  is the starting CCE index of the PDCCH, is a pseudo-random sequence generated in a UE-specific manner with slot index as a variable, is the number of PUCCH resources in a sub-set.
[bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK73][bookmark: OLE_LINK74]Proposal 1: To avoid the misalignment between gNB and UE, the implicit PUCCH resource indication should adopt the following formula:






[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Note:  is the starting CCE index of the PDCCH, the pseudo-random sequence is defined by TS38.211 clause5.2.1 and shall be initialized with , is the number of PUCCH resources in a sub-set.
[bookmark: _Ref129681832][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK57]PUCCH resource allocation for initial access
[bookmark: OLE_LINK260][bookmark: OLE_LINK261][bookmark: OLE_LINK265][bookmark: OLE_LINK266][bookmark: OLE_LINK267]At the last meeting, some agreements on PUCCH resource allocation for initial access have been reached. Frequency hopping is always supported at initial access stage for FR1 and FR2. PUCCH format, its duration and starting symbol are cell-specific and derived from RMSI indication. In this section, some remaining aspects such as PRB allocation, minimum cyclic shift gap and time-domain OCC are discussed.
· [bookmark: OLE_LINK268][bookmark: OLE_LINK269][bookmark: OLE_LINK270][bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK89][bookmark: OLE_LINK90][bookmark: OLE_LINK51][bookmark: OLE_LINK52]PRB allocation: PRB offset of different PUCCH resource sets with same PUCCH duration can be differentiated by different minimum CS gap. For example, two minimum cyclic shift gaps are supported in same PUCCH duration as shown in Table 1. Since the initial BWP of different cells may be different, for PRB offset with same minimum CS gap, the occupied PRB(s) of one of the PUCCH resource sets corresponding to a RMSI index can be limited to the fixed location, such as the edge of the initial BWP. As shown in Figure 1, the occupied PRB(s) of the other PUCCH resource set with the same PUCCH duration and minimum CS gap is the contiguous PRB next to the last allocated PRB.
· [bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK55]For 2-symbol PUCCH, if minimum CS gap is 3 or 6, the first allocated PRB offset is 0 from the edge of UL BWP, the second allocated PRB offset is index 1 or index 2;
· [bookmark: OLE_LINK71][bookmark: OLE_LINK72]For 4-symbol PUCCH, if minimum CS gap is 2 or 3, the first allocated PRB offset is 0 from the edge of UL BWP, the second allocated PRB offset is index 3 or 4;
· For 10-symbol PUCCH, if minimum CS gap is 2 or 3, the first allocated PRB offset is 0 from the edge of UL BWP, the second allocated PRB offset is index 5 or 6;
· For 14-symbol PUCCH, if minimum CS gap is 2 or 3, the first allocated PRB offset is 0 from the edge of UL BWP, the second allocated PRB offset is index 7 or 8;


Figure 1. PRB offset for PUCCH resource set in same PUCCH duration and minimum CS gap.
· Index of initial CS: Considering the capacity and intra-cell interference in different scenarios, following minimum CS gaps are listed.
· For 2-symbol PUCCH, minimum CS gap can be 3 and 6. 
· For 4-symbol PUCCH, minimum CS gap can be 2 and 3.
· For 10-symbol PUCCH, minimum CS gap can be 2 and 3.
· For 14-symbol PUCCH, minimum CS gap can be 2 and 3.
· 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.
[bookmark: OLE_LINK33][bookmark: OLE_LINK255][bookmark: OLE_LINK256]Considering the previous principles, the number of symbols and minimum CS gaps should be given the biggest flexibility, such as including different combination of number of symbols and CS gaps in different PUCCH resource sets. For example, one possible configuration can be found in Table 1. 
Table 1. Signalling of cell-common PUCCH parameters using RMSI index.
	RMSI Index
	PUCCH Format
	Duration
	Starting symbol
	Starting PRB offset in the initial UL BWP
	Minimum CS gap
	Time-domain OCC

	0
	0
	2
	12
	[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]0
	3
	-

	1
	0
	2
	12
	Index 1
	3
	-

	2
	0
	2
	12
	0
	6
	-

	3
	0
	2
	12
	Index 2
	6
	-

	4
	1
	4
	10
	0
	2
	-

	5
	1
	4
	10
	Index 3
	2
	-

	6
	1
	4
	10
	0
	3
	-

	7
	1
	4
	10
	Index 4
	3
	-

	8
	1
	10
	4
	0 
	2
	0

	9
	1
	10
	4
	Index 5
	2
	0

	10
	1
	10
	4
	0
	3
	0

	11
	1
	10
	4
	Index 6
	3
	0

	12
	1
	14
	0
	0
	2
	0

	13
	1
	14
	0
	Index 7
	2
	0

	14
	1
	14
	0
	0
	3
	0

	15
	1
	14
	0
	Index 8
	3
	0



[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK56]Proposal 2: For PUCCH resource allocation for initial access: 
· [bookmark: OLE_LINK18][bookmark: OLE_LINK32]For PRB of same PUCCH duration with same minimum CS gap, one of the PRB(s) allocated is x=0 PRBs away from each edge of initial UL BWP, and the other PRB(s) allocated are  the contiguous PRB next to the last allocated PRB.
· 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.

Given RMSI-configured parameters shown in Table 1, the next step is to derive the actual PUCCH resource. For resource determination within the RMSI-indicated PUCCH resource set, several options are presented in summary paper [6], e.g., using ARI to indicate a PUCCH subset within a RMSI-indicated resource set, then implicit mapping within a sub-set. The 3 bits PUCCH resource indicator can be used to indicate 8 PUCCH resource sub-set as connected state. As agreed in RAN1 #92 meeting, 16 UE-specific resources are specified within a PUCCH resource set indicated by RMSI. Two resources in the PUCCH resource subset should be indicated in an implicit method based on CCE index. We may use the same implicit mapping function in addition to PUCCH resource indicator (ARI) field as in the connected state. We therefore make the following proposal:

[bookmark: OLE_LINK82][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: OLE_LINK88]Proposal 3: Same implicit PUCCH resource indication method as connected mode should be adopted as the following formula:






Note:  is the starting CCE index of the PDCCH, the pseudo-random sequence is defined by TS38.211 clause5.2.1 and shall be initialized with , is the number of PUCCH resources in a sub-set.
PUCCH resource allocation for non-slot based scheduling
[bookmark: OLE_LINK3][bookmark: OLE_LINK6]Non-slot based scheduling is important for URLLC and HARQ-ACK needs to be conveyed as soon as possible to guarantee both the low latency and high reliability for URLLC UE as discussed in [7]. On the other hand, compact DCI is probably used in URLLC to guarantee the reliability of PDCCH. In the previous meetings, it was agreed to use 3 bits for HARQ-ACK slot-timing and 3 bits for ARI indication for slot-based scheduling. The 6 bits for PUCCH resource allocation occupies a big part in compact DCI. 
To reduce the overhead of DCI, this two fields can be reduced or even removed. In [7], we discuss PUCCH resource allocation issue for non-slot scheduling based on compact DCI. 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.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Proposal 4: For non-slot scheduling based on compact DCI, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability.
Conclusion
The contribution mainly discusses remaining issue on implicit method of PUCCH resource allocation, Based on the discussion, we have the following proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: To avoid the misalignment between gNB and UE, the implicit PUCCH resource indication should adopt the following formula:






Note:  is the starting CCE index of the PDCCH, the pseudo-random sequence is defined by TS38.211 clause5.2.1 and shall be initialized with , is the number of PUCCH resources in a sub-set.
Proposal 2: For PUCCH resource allocation for initial access: 
1. For PRB of same PUCCH duration with same minimum CS gap, one of the PRB(s) allocated is x=0 PRBs away from each edge of initial UL BWP, and the other PRB(s) allocated are the contiguous PRB next to the last allocated PRB.
1. 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: Same implicit PUCCH resource indication method as connected mode should be adopted as the following formula:






Note:  is the starting CCE index of the PDCCH, the pseudo-random sequence is defined by TS38.211 clause5.2.1 and shall be initialized with , is the number of PUCCH resources in a sub-set.
Proposal 4: For non-slot scheduling based on compact DCI, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability.
References
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]3GPP, “Final report of 3GPP TSG RAN WG1 #91 v1.0.0”, Reno, USA, November 27 – December 1, 2017.  
[bookmark: _Ref506150666]R1-1802840, “Remaining issues for resource allocation for PUCCH”, Qualcomm, 3GPP RAN WG1 Meeting #92, Athens, Greece, February 26th – March 2nd  2018.
[bookmark: _Ref510175590]R1-1801628, “Remaining issues for PUCCH resource allocation”, ZTE, 3GPP RAN WG1 Meeting #92, Athens, Greece, February 26th – March 2nd  2018.
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK62]3GPP TSG RAN WG1, “Final Report of 3GPP TSG RAN WG1 AH 1801”, Vancouver, Canada, 22nd – 26th January 2018.
[bookmark: _Ref503213677]3GPP TSG RAN WG1, “Final Report of 3GPP TSG RAN WG1 #92”, Athens, Greece, February 26th – March 2nd  2018
3GPP TSG RAN WG1, “Summary of offline discussion on PUCCH resource allocation”, Athens, Greece, February 26th – March 2nd  2018
R1-1804293, “PUCCH resource allocation for non-slot scheduling”, Huawei, HiSilicon, 3GPP RAN WG1 Meeting #92bis, Sanya, China, April 16th – 20th, 2018.


Appendix
Text proposal in 38.213 v15.0.1
--------------------------------------Start of Text Proposal ----------------------------------------------
9.2.3	UE procedure for reporting HARQ-ACK
For the first set of PUCCH resources, if the number of PUCCH resources in the PUCCH resource set value of higher layer parameter maxNrofPUCCH-ResourcesPerSet is larger than eight, the UE determines a PUCCH resource from the PUCCH resources indicated by the PUCCH resource indicator field value through a mapping function to other parameters that include a CCE index of a corresponding PDCCH.
---------------------------------- End of Text Proposal --------------------------------------
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