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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
A couple of remaining issues for PUCCH resource allocation is discussed in this contribution, including the following aspects.
· Implicit A/N resource for PUCCH up to 2bit
· HARQ-ACK resource before RRC connection setup
· PUCCH resource allocation for mini-slot scheduling
· Value range of the payload size of the PUCCH resource set 
This contribution is a revised contribution from R1-1800203
2. Implicit A/N resource for PUCCH up to 2bit
It is agreed in RAN1#91 that
Agreements:
· 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

Since current agreed 2-bit ARI can map to 4 PUCCH resources, therefore it is natural that no additional implicit mapping rules is neededwhen PUCCH resources in a RESET is less than 4. Therefore it is proposed as follows,
Proposal 1: up to 8 PUCCH resources can be configured in a resource set, and if the number of PUCCH resource in a PUCCH resource set is larger than 4, implicit mapping in addition to explicit indication is also used.
For more than 4 PUCCH resources configured in a RESET, a sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set. Similar to LTE mechanism, start CCE index of the PDCCH can be used for implicit deriving the PUCCH resource within a PUCCH sub-set. Other factors, such as aggregation level, symbol index, search space/CORESET id can also be considered in order to implicit derive PUCCH resource. With such function design, PDCCH for different AL, symbol index, search space and CORESET can map to different PUCCH resources.
3. HARQ-ACK resource before RRC connection setup
It is agreed in RAN1#91 and RAN1#1801Adhoc that
Agreements:
· 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)
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup, UE identifies a PUCCH resource from a set of resources derived from RMSI using a similar approach to the case after RRC connection setup.
Agreements:
· 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
Agreements:
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· HARQ-ACK is only one bit without bundling before RRC connection 
According to the agreement, we can see 4-bit RMSI can be designed for at most 16 different sets of PUCCH resources. Within each set, 4 PUCCH resources indicated by 2-bit ARI need to be specified.
In general, the design of 16 sets shall consider different use cases, e.g.,
· Support of short PUCCH with 1 or 2 symbols
· Support of long PUCCH with fixed length or variable length
· Support intra-frequency hopping
· Support inter-frequenct hopping and multi-slot PUCCH transmission
· Support dynamic (layer-1) short/long PUCCH transmission . 
An example of such 4-bit RMSI design is appended in Annex 1.
For 2-bit ARI indicated PUCCH resources within each set, the most first and last PUCCH resources in the BWP can be considered. An example of such 2-bit ARI indicated PUCCH resources before RRC connection setup is also given in Annex 1.
Proposal 2: Support of the following use cases for 4-bit parameter in RMSI 
· Support of short PUCCH with 1 or 2 symbols
· Support of long PUCCH with fixed length or variable length
· Support intra-frequency hopping
· Support inter-frequenct hopping and multi-slot PUCCH transmission
· Support dynamic (layer-1) short/long PUCCH transmission . 
· An example of such 2-bit ARI indicated PUCCH resources before RRC connection setup in Annex 1 is proposed.
4. PUCCH resource allocation for mini-slot scheduling
In the current design, the PUCCH start symbol is determined by 
· K1, which is indicated by PDCCH and 
· K1 denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information.
· startingSymbolIndex, which is a set of values is configured by RRC and 2bit ARI in PDCCH indicates a certain value. 
· startingSymbolIndex denotes the start symbol index of the PUCCH transmission within the slot
However, considering mini-slot scheduling, e.g., Figure 1, the PUCCH transmission can occur in many posssible strat symbols if such pipeline scheduling and feedback is performed. Therefore, the current mechanism which is RRC with ARI indication might not be enough.
One of the possible solutions in order to allow such use cases can be as follows,
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information.
· Alt 2a: K1 is re-interprates as the number of symbols.
· For example, K1 denotes the number of symbols between the PDSCH reception/DL SPS release and the PUCCH transmission. And this applies to both slot-based and mini-slot-based scheduling. In such design, the startingSymbolIndex in RRC configuration is not applicable/not used (revert previous agreeement).
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
· Some of the K1 values denotes the number of symbols between the PDSCH reception/DL SPS release and the PUCCH transmission. And in such case, the RRC configured startingSymbolIndex is not applicable.
· Some of the K1 values denotes the number of slots between the PDSCH reception/DL SPS release and the PUCCH transmission. And in such case, the RRC configured startingSymbolIndex is used to deterine the start symbol index of PUCCH within the slot.
Proposal 3: consider the following alternatives in the NR specification 
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information
· Alt 2a: K1 is re-interprates as the number of symbols.
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
[image: ]
Figure 1: mini-slot scheduling, e.g., pipeline scheduling and feedback
5. Value range of the payload size of the PUCCH resource set 
It is agreed in RAN1#91, 
Agreements:
· UE determines one PUCCH resource set from one or more (up to K=4) configured PUCCH resource sets based on the UCI payload size (not including CRC). 
· PUCCH resource set i for UCI payload size  is in the range of {Ni, …, Ni+1-1} bits (i=0, …, K-1)
· N0=1, N1=3
· For i=2, …, K-1, Ni is UE-specifically configured 
· The value is in the range of {4, [256]} with a granularity of [4] bits
· NK= a max UCI payload size, which may be implicitly or explicitly derived, detailed value is FFS 
· Note: For a UCI payload range, a PUCCH resource set can contain resources for short PUCCH and resources for long PUCCH.

However, with only one configured PUCCH RESET, it should be clarified that the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits (less than 3-bit). 
Therefore, we propose the following changes in TS38.213V15.0.2 [1] section 9.2.1 in Annex 2.
Meanwhile, the corresponding change in TS38.331 shall be based on this.
Proposal 4: with only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213v15.0.2 in Annex 2 should be considered.
6. Conclusion
This contribution gives remaining issues for PUCCH resource allocation and the followings are proposed,
Proposal 1: up to 8 PUCCH resources can be configured in a resource set, and if the number of PUCCH resource in a PUCCH resource set is larger than 4, implicit mapping in addition to explicit indication is also used.
Proposal 2: Support of the following use cases for 4-bit parameter in RMSI 
· Support of short PUCCH with 1 or 2 symbols
· Support of long PUCCH with fixed length or variable length
· Support intra-frequency hopping
· Support inter-frequenct hopping and multi-slot PUCCH transmission
· Support dynamic (layer-1) short/long PUCCH transmission . 
And adopt table A1-1 in Annex 1as the PUCCH resource configuration before RRC connection setup
Proposal 3: consider the following alternatives in the NR specification 
· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information
· Alt 2a: K1 is re-interprates as the number of symbols.
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.
Proposal 4: with only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213v15.0.2 in Annex 2 should be considered.
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Annex 1. HARQ-ACK resource indicated by 4-bit parameter in RMSI before RRC connection setup 
Table A1-1: HARQ-ACK resource indicated by 4-bit parameter in RMSI
	4-bit RMSI conf.
	Description F0/F1: PUCCH format 0/1
and
2-bit ARI indicated PUCCH resources
	Notes

	0
	F0, 1OS, always last symbol in slot
{F0, 13, 1, 0, N/A, 0, N/A}, 
{F0, 13, 1, 1, N/A, 0, N/A},
{F0, 13, 1, N-2, N/A, 0, N/A},
{F0, 13, 1, N-1, N/A, 0, N/A}
	1 symbol short PUCCH

	1
	F0, 1OS, always last two symbols in slot
{F0, 13, 1, 0, N/A, 0, N/A}, 
{F0, 12, 1, 0, N/A, 0, N/A},
{F0, 13, 1, N-1, N/A, 0, N/A},
{F0, 12, 1, N-1, N/A, 0, N/A}
	1 symbol short PUCCH

	2
	F0, 2OS, intra-FH
{F0, 12, 2, 0, N-1,0, N/A}, 
{F0, 12, 2, 1, N-2,0, N/A},
{F0, 12, 2, N-2, 1,0, N/A},
{F0, 12, 2, N-1, 0,0, N/A}
	2 symbol short PUCCH

	3
	F0, dynamic 1OS/2OS, intra-FH
{F0, 13, 1, 0, N/A, 0, N/A}, 
{F0, 12, 2, 0, N-1,0, N/A}, 
{F0, 13, 1, N-1, N/A, 0, N/A}
{F0, 12, 2, N-1, 0,0, N/A}
	Dynamic 1OS/2OS short PUCCH

	4
	F1, 14OS, intra-FH
{F1, 0, 14, 0, N-1, 0, 0}, 
{F1, 0, 14, 1, N-2, 0, 0},
{F1, 0, 14, N-2, 1, 0, 0},
{F1, 0, 14, N-1, 0, 0, 0}
	Static full UL long PUCCH

	5
	F1, variable OS (12/14OS), intra-FH
{F1, 0, 14, 0, N-1, 0, 0}, 
{F1, 2, 12, 0, N-1, 0, 0},
{F1, 0, 14, N-1, 0, 0, 0},
{F1, 2, 12, N-1, 0, 0, 0}
	Variable length long PUCCH

	6
	F1, variable OS (12/14OS), inter-FH, 2-slot transmission
{F1, 0, 14, 0, N/A, 0, 0}, 
{F1, 2, 12, 0, N/A, 0, 0},
{F1, 0, 14, N-1, N/A, 0, 0},
{F1, 2, 12, N-1, N/A, 0, 0}
	Multi-slot long PUCCH (2-slot)

	7
	F1, variable OS (12/14OS), inter-FH, 4-slot transmission
{F1, 0, 14, 0, N/A, 0, 0}, 
{F1, 2, 12, 0, N/A, 0, 0},
{F1, 0, 14, N-1, N/A, 0, 0},
{F1, 2, 12, N-1, N/A, 0, 0}
	Multi-slot long PUCCH (4-slot)

	8
	F1, variable OS (12/14OS), inter-FH, 8-slot transmission
{F1, 0, 14, 0, N/A, 0, 0}, 
{F1, 2, 12, 0, N/A, 0, 0},
{F1, 0, 14, N-1, N/A, 0, 0},
{F1, 2, 12, N-1, N/A, 0, 0}
	Multi-slot long PUCCH (8-slot)

	9
	Dynamic F0/F1: config.0 + config.4
	Dynamic 1OS and 14OS PUCCH (short PUCCH on last symbol)

	10
	Dynamic F0/F1: config.0 + config.5
	Dynamic 1OS and 12/14OS PUCCH (short PUCCH on last symbol)

	11
	Dynamic F0/F1: config.1 + config.4
	Dynamic 1OS and 14OS PUCCH(short PUCCH on last two symbols)

	12
	Dynamic F0/F1: config.1 + config.5
	Dynamic 1OS and 12/14OS PUCCH(short PUCCH on last two symbols)

	13
	Dynamic F0/F1: config.2 + config.4
	Dynamic 2OS and 14OS PUCCH

	14
	Dynamic F0/F1: config.2 + config.5
	Dynamic 2OS and 12/14OS PUCCH

	15
	Reserved
	



Note: the resources in Table A1-1 is described as follows:
{ PUCCH format,  start_symbol,  number of symbols，1st-hop PRB, 2nd-hop PRB, CS_init, OCC index}

Annex 2. Text Proposal for TS38.213 v15.0.2
------------------------------Start Text Proposal---------------------------------
9.2.1	PUCCH Resource Sets
<…>

If the UE transmits  UCI bits, the UE determines a PUCCH resource set to be 
· 
a first set of PUCCH resources if , or, where  for the number of PUCCH resource set is more than one and  is provided by higher layer parameter N_1 for the number of PUCCH resource set is one, or
· 

a second set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_2, or
· 

a third set of PUCCH resources, if any, if  where  is provided by higher layer parameter N_3, or
· 
a fourth set of PUCCH resources, if any, if .  
If a UE is not configured with higher layer parameter PUCCH-resource-set, an UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a set of PUCCH resources is provided by higher layer parameter PUCCH-resource-common in SystemInformationBlockType1. 
<…>
[bookmark: _GoBack]------------------------------End Text Proposal---------------------------------
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