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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
In the previous meeting, resource allocation for PUCCH were discussed and some agreements were achieved [1][2].
· A set of PUCCH resources at least for HARQ-ACK which is configured to a UE by high layer signaling is defined as one of followings (to be down-selected).
· Opt.1: One or multiple set(s) of PUCCH resources consisting of same or different PUCCH formats. 
· Opt.2: One or multiple set(s) of PUCCH resources for each PUCCH format.
· Opt.3: A set of PUCCH resources for each duration of each PUCCH format.
· Opt.4: A set of PUCCH resources for PUCCH formats carrying up to 2 bits UCI. Another set of PUCCH resources for PUCCH formats carrying more 2 bits UCI. 
· FFS: How to identify a PUCCH resource from the set of PUCCH resource. 
· At least for HARQ-ACK, the starting slot of PUCCH is indicated by DCI.
· Earliest transmission timing is based on UE capability 
· FFS how PUCCH resource is defined
In this contribution, we share our views on the issues related to resource allocation for PUCCH.
2. Resource allocation sets configuration 
Various PUCCH formats corresponding to different symbols lengths are supported in NR. For PUCCH resource allocation, four options are provided. To some extent, these options are equivalent. Different PUCCH formats and different lengths of a PUCCH format can be configured based on these options. The following factors should be considered for selection of these options. 
· Different PUCCH length of a PUCCH format
Firstly, dynamic switch of PUCCH length to suitable to the different slot structure should be supported.  In NR, slot structure can be varied slot by slot. Thus, the indication of lengths of a PUCCH format should be included in DCI. 
·   Signalling overhead
Signalling overhead should be considered for resource indication, especially for parts carried by DCI.   
· Different payload 
At least for HARQ-ACK, the bits of TB based and CBG-based are different. The switch of PUCCH format with up to 2bits or more than 2bits can be considered.    
· Different format
For the switch of long PUCCH format and short PUCCH format, the motivation should be clarified firstly. For example, a UE transmits long PUCCH format in a slot while transmitting short PUCCH format in a sequential slot. For a UE in the cell edge, the configuration is unreasonable. The table 1 shows a example for four options.
Table 1 the example and comments for the four options
	options
	Example 
	Comments 

	Opt.1
	1st set(or multiple sets): 
up to 2bits: 1-2 symbols and 4-14 symbols 
more than 2 bits: 1-2 symbols and 4-14 symbols
2nd set :
……
	One set can include all PUCCH format with all lengths.

Cons.: generally, it is not required to configure both long and short PUCCH format for a UE in some geometry. It can require the larger number of bits for indication in DCI.


	Opt.2
	1st set(or multiple sets)：up to 2bits: 1-2 symbols  
2nd set(or multiple sets)：up to 2bits:  4-14 symbols
3rd set(or multiple sets): more than 2 bits: 1-2 symbols 
4th set(or multiple sets): more than 2 bits: 4-14 symbols
……
	
One set can include one PUCCH format with different lengths. 


	Opt.3
	1st set: up to 2bits:1 symbol
2nd set: up to 2bits:2 symbol
3rd set: up to 2bits:4 symbol
 …
nth set: more than 2 bits:1symbol
…..
	One set can include a PUCCH with a single length. 

Cons.: multiple configuration sets are required to adapt the different slot structure.





	Opt.4
	1st set: up to 2bits: 1-2 symbols and 4-14 symbols 
2nd set: more than 2 bits: 1-2 symbols and 4-14 symbols
	One set can include long and short PUCCH formats with different lengths. 

Cons.: generally, it is not required to configure both long and short PUCCH format for a UE in some geometry.   


Considering these factors above mentioned, option 2 is preferred. 
Based on the option 2, a set is configured for a UE. The corresponding indication within the configured set is carried in DCI based on encoding.  
Proposal 1: option 2 is preferred.
3. Time-frequency resource allocation for PUCCH
1. 
2. 
Time-domain resource indication
For resource allocation for PUCCH, time domain resource should be informed to the UE. The time domain resources comprise slot index and symbol index. The slot index can be derived from HARQ-ACK timing indication in DCI scheduling PDSCH. The PUCCH formats include a large range of symbols, e.g. 1-2 and 4-14 symbols. In a slot, the different PUCCH format can start at different symbols. Thus symbol index also should be known by a UE. Two alternatives can be considered.
Alt 1: dynamic indication
For long PUCCH, DCI can indicate the starting symbol index of a long PUCCH within the slot. Full flexibility can be achieved. More overhead can be observed. For this case, 3-4 bits would be required for the starting position because PUCCH can start at every symbol with almost any duration theoretically. 
For short PUCCH, the position is around the last transmitted UL symbol(s) of a slot according to the previous agreement. In this case, the number of bits is not large. Short PUCCH for URLLC can be FFS.
Alt 2: semi-static and dynamic indication 
Some restriction should be considered for overhead reduction. For a long PUCCH it is not necessary to support any PUCCH durations for a slot. If slot type indication is configured semi-statically, signaling can be reduced. For instance, for UL slot, the starting position of long PUCCH in a slot can be aligned with the starting position of UL symbols of the slot. The duration of a long PUCCH in a slot can depend on higher layer signaling or configuration of short PUCCH or SRS symbols at the end of the slot. If based on the configuration of short PUCCH or SRS symbols, UE can obtain the ending position of long PUCCH implicitly. Less signaling overhead is required in this case. For the starting symbols, a subset of starting symbols also can be configured by RRC signaling.
For short PUCCH, the transmission duration is one or two symbols. Higher-layer configuration of duration would be sufficient. The position of short PUCCH also can base on RRC signalling. For example, only one short PUCCH format can be configured for a self-contained slot, no dynamic signalling is required.  
Proposal 2: For time-domain resource indication, Alt 2 is preferred. 
For long PUCCH, the restriction of the starting symbol index should be considered. A subset of starting symbols can be configured by RRC signaling. The duration can be obtained based on higher layer signaling or the configuration of short PUCCH or SRS of the same slot. 
For short PUCCH, duration is based on RRC signaling. The starting symbol is informed by dynamic or semi-static signalling.
Frequency-domain resource indication
For at least PUCCH format carrying 1-2 bits, the PRB and CS index should be informed to a UE. For long PUCCH, when OCC is available, OCC index also should be known by the UE. A set of PRB/CS/OCC index (when available) can be configured to a UE. Considering the potential collision, ARO field can be included in DCI for avoiding the collision for different PUCCHs.    
For PUCCH format supporting more than 2 bits, multiple PRBs allocation is supported. The starting PRB index and the number of PRBs can be semi-static for a UE. For long PUCCH with multiplexing capacity, the OCC index also can be configured.
PUCCH format based on comb structure can benefit to the multiplexing of PUCCH format with the same or different lengths and the multiplexing of PUCCH and SRS. If comb structure of PUCCH format is supported, comb index can be combined with PRB and CS to inform a UE.   
Proposal 3: For PUCCH format carrying 1-2 bits, a set of PRB/CS/OCC index (when available) can be configured to a UE. ARO is used for avoiding the collision for different PUCCHs.   
For PUCCH format supporting more than 2 bits, the starting PRB index and the number of PRBs can be semi-static for a UE. For long PUCCH with multiplexing capacity, the OCC index is configured.
Proposal 4: If comb structure of PUCCH format is supported, comb index shall be indicated to UE jointly with PRB index and CS index.
Frequency hopping indication
For long PUCCH, basically two alternatives are discussed in the last RAN1 meeting, the fixed hopping point and flexible hopping point respectively.
· Alternative 1: the FH point is very flexible, and the hopping point for is relative to each PUCCH.
· Alternative 2: the FH point is fixed location relative to slot.
For long PUCCH with frequency hopping, it is proposed that RRC configures a set of hopping points relative to the slot and UE determines the actual hopping point according to the DCI indication or a specified rule [2][3]. Such design can ensure the hopping point is common across all the UEs within the slot.
Proposal 5: Frequency hopping parameter can be indicated via L1 signaling or implicit derived via a specified rule. Further studies on whether the FH point is indicated relative to slot or PUCCH.
4. PUCCH resource definition  
According to RAN1#90meeting, PUCCH resource should include time-frequency and/or code resource with frequency hopping indication. The PUCCH format and duration indication can base on a combination of semi-static and dynamic signalling. The table 2 shows the PUCCH resource definition.    
Table 2 PUCCH resource definition
	PUCCH format
	Resource 

	
	definition
	Inform manner

	Short PUCCH with up to 2 bits
	Format and duration
	Higher layer signaling and DCI

	
	Slot index
	DCI

	
	Starting symbol index
	Higher layer signaling or DCI

	
	CS index and RB index;
	Higher layer signaling

	
	Number of RB when supports more than 1 RB;
	Higher layer signaling

	
	Frequency-hopping pattern for 2 symbols
	Higher layer signaling and DCI

	Long PUCCH with up to 2 bits
	Format and duration
	Higher layer signaling and DCI

	
	Slot index
	DCI

	
	Starting symbol index
	Higher layer signaling or DCI

	
	CS index and RB index;
	Higher layer signaling

	
	Number of RB when supports more than 1 RB;
	Higher layer signaling

	
	Frequency-hopping pattern 
	Higher layer signaling and DCI

	
	comb when supported
	DCI

	Short PUCCH with more than 2 bits
	Format and duration
	Higher layer signaling and DCI

	
	Slot index
	DCI

	
	Starting symbol index
	Higher layer signaling or DCI

	
	starting RB index and number of RB 
	Higher layer signaling

	
	Frequency-hopping pattern for 2 symbols
	Higher layer signaling and DCI

	
	comb when supported
	DCI

	Long PUCCH with large payload size 
	Format and duration
	Higher layer signaling and DCI

	
	Slot index
	DCI

	
	Starting symbol index
	Higher layer signaling or DCI

	
	starting RB index and number of RB 
	Higher layer signaling

	
	Frequency-hopping pattern for 2 symbols
	Higher layer signaling and DCI

	
	comb when supported
	DCI

	Long PUCCH with medium payload size
	Format and duration
	Higher layer signaling and DCI

	
	Slot index
	DCI

	
	Starting symbol index
	Higher layer signaling or DCI

	
	starting RB index and number of RB when supports more than 1 RB; or RB index when supports only 1 RB;
	Higher layer signaling

	
	Frequency-hopping pattern for 2 symbols
	Higher layer signaling and DCI

	
	comb when supported
	DCI

	
	OCC index;
	DCI

	


Proposal 6: PUCCH resource definition is based on table 2.
5. Conclusion
In this document, we discuss resource allocation for PUCCH of with the following proposals:
Proposal 1: option 2 is preferred.
Proposal 2: For time-domain resource indication, Alt 2 is preferred. 
For long PUCCH, the restriction of the starting symbol index should be considered. A subset of starting symbols can be configured by RRC signaling. The duration can be obtained based on higher layer signaling or the configuration of short PUCCH or SRS of the same slot. 
For short PUCCH, duration is based on RRC signaling. The starting symbol is informed by dynamic or semi-static signalling.
Proposal 3: For PUCCH format carrying 1-2 bits, a set of PRB/CS/OCC index (when available) can be configured to a UE. ARO is used for avoiding the collision for different PUCCHs.   
For PUCCH format supporting more than 2 bits, the starting PRB index and the number of PRBs can be semi-static for a UE. For long PUCCH with multiplexing capacity, the OCC index is configured.
Proposal 4: If comb structure of PUCCH format is supported, comb index shall be indicated to UE jointly with PRB index and CS index.
Proposal 5: Frequency hopping parameter can be indicated via L1 signaling or implicit derived via a specified rule. Further studies on whether the FH point is indicated relative to slot or PUCCH.
Proposal 6: PUCCH resource definition is based on table 2.
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