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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last two meeting, RAN1 discussed the PUCCH resource allocation before RRC connection set-up/initial access, with the following agreements:
Agreements:(RAN1#91)
· 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 PUCCH resource allocation with fallback DCI,
· The same approach is used as that with normal DCI.
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

In this contribution, we discuss how to design and allocate PUCCH resources for Msg4 HARQ-ACK feedback transmission during the initial access/ before RRC connection set-up.
This contribution is an update of R1-1800536.

PUCCH resource allocation prior to RRC configuration
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Before RRC configuration, it is necessary that most of the parameters that determine the PUCCH resource allocation to be fixed in the specification except for few parameters that may be signaled either in the DCI format or RMSI. 
PUCCH duration: In the last meeting, it was decided that PUCCH duration of at least {2, 14} should be supported. However, there were also suggestions to support some additional durations such as 1, 4, 8, 10 and 12. We think two additional durations of 1 and 4 are also important for different usages or deployment scenarios.
PUCCH starting symbol: In the last meeting, it was also decided that when the PUCCH duration is 2, the starting symbol is always the 12th symbol within the slot, and it is also obvious that for the case of 14 symbols the starting is the first symbol of the slot. Furthermore, as suggested in the last meeting, if it is decided to support two additional durations of 1 and 4, the starting symbols could be 13th and 10th symbols respectively.
Frequency hopping: In the last meeting, it was also decided that if frequency hopping is enabled, the PRB(s) of the two hops are x PRB(s) away from each edge of the initial UL BWP. This is similar to LTE PUCCH design where mirroring is applied from the edges of the system bandwidth, and the frequency hopping is always used (i.e. no enabling or disabling option).  Furthermore, the value of x is the PRB resource that is being allocated for ACK/NACK feedback transmission for a given user and in this case the resources for different users may locate on different PRBs in the BWP. In our proposal, the value of x for each user is derived from an equation.
Based on the above discussion, we propose to predefine the transmission parameters for each PUCCH format, as captured in the following table:
Table 1. PUCCH formats with predefined transmission parameters
	[bookmark: _Hlk502941261]PUCCH format
indicator
	Number of symbols
(Duration)
	Starting symbol
	Frequency resource
	Frequency
Hopping
	CS index
	Time-domain OCC

	Format 0-1symbol 
	1 
	13 
	PRB x is given by an equation
	NA 
	Between 0-11, but could be selected by the proposed RMSI table, equation or signalled by the DCI
	NA

	Format 0-2symbol 
	2
	12
	PRB x is given by an equation
	Always Hop
(Mirroring on even and odd slots)
	Between 0-11, but could be selected by the proposed RMSI table, equation or signalled by the DCI
	NA

	Format 1 
	4
	10
	PRB x is given by an equation
	Always Hop
(Mirroring on even and odd slots)
	Between 0-11, but could be selected by the proposed RMSI table, equation or signalled by the DCI
	Between 0-1, but to be selected by the proposed RMSI table.

	Format 1 
	14 
	0
	PRB x is given by an equation
	Always Hop
(Mirroring on even and odd slots)
	Between 0-11, but could be selected by the proposed RMSI table, equation or signalled by the DCI
	Between 0-1, but to be selected by the proposed RMSI table. 



Based on the above table, the PUCCH format is one of {Format 0-1symbol, Format 0-2symbol, Format 1-4symbol, Format 1-14symbol} and can be dynamically signalled in the DCI scheduling MSG4 or in the RAR message (MSG2). In this case 2-bits should be enough.
[bookmark: _Hlk503278455]Proposal 1: Predefine four PUCCH formats {Format 0-1symbol, Format 0-2symbol, Format 1-4symbol, Format 1-14symbol} for initial access where one of the formats is signalled dynamically in the DCI scheduling MSG4 or in the RAR message (MSG2).
Proposal 2: Predefine and fix the value of the transmission parameters such as number of symbols, starting symbol, and hopping resource for each PUCCH format.
For defining PUCCH resources for the initial access, it is important to include an offset in order to locate the PUCCH resource away from the edges of the bandwidth part (BWP) if needed, for example when the edges of the BWP suffer from high level of interference. From last meeting, it is agreed that 4-bits shall be used for deriving the PUCCH resources during initial access, therefore we propose that the 4-bit RMSI indicates an entry into a 16-row table and each row in the table configures a set of cell-specific PUCCH parameters. One of the parameters is sub-band index used for an offset. In this case, the BWP is divided into 4 virtual sub-bands indexed from 0 to 3 as shown in Figure 1 where each sub-band contains contiguous PRBs to avoid resource fragmentations. This offset offers flexibility to start the PUCCH resources in a frequency region that suffers from lower interference than other regions of the BWP. 
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Figure 2 Example of sub-bands within the BWP

Based on the above description, we propose 4-bit RMSI indicates one of the entries in Table 2 for predefined PUCCH transmission parameters. Since cyclic shift separation is more effective in low delay spread environments and OCC is more effective at low UE speed, the entries in the table can be used for different cell types or deployment scenarios. 
Furthermore, we propose the following equation to identify the PUCCH resource allocation for Msg4 HARQ-ACK feedback transmission for a given user:
 
located within: 
    

where  is the index of SB indicated in the RMSI table, is the number of PRBs in each SB,  is the starting CCE index of the detected PDCCH/DCI,  is the number of available PUCCH resources (i.e. combination of cyclic shifts and OCC index which can be identified by an index  given by = as in Table 2) within one PRB, and  is the minimum aggregation level supported in the search space.

The main reason of adding the parameter  in to the equation is to increase the density of the usable PUCCH resources within a PRB as the higher aggregation level tends to decrease the density of the usage.


Table 2. 4-bit RMSI indicates one of the entries in this table for PUCCH parameters
	Index
	PUCCH parameters
	Index
	PUCCH parameters

	0
	Sub-band index 0
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        3	                                    0
  2	                        6	                                    0
  3	                        9                                     0	                                                        
	8
	Sub-band index 0
index k       cyclic shift index               OCC index
  0	                        3                                    0
  1	                        3	                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	1
	Sub-band index 1
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        3	                                    0
  2	                        6	                                    0
  3	                        9                                     0	                                                        
	9
	Sub-band index 1
index k       cyclic shift index               OCC index
  0	                        3                                    0
  1	                        3                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	2
	Sub-band index 2
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        3	                                    0
  2	                        6	                                    0
  3	                        9                                     0	                                                        
	10
	Sub-band index 2
index k       cyclic shift index               OCC index
  0	                        3	                                    0
  1	                        3	                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	3
	Sub-band index 3
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        3	                                    0
  2	                        6	                                    0
  3	                        9                                     0	                                                        
	11
	Sub-band index 3
index k       cyclic shift index               OCC index
  0	                        3	                                    0
  1	                        3	                                    1
  2	                        9	                                    0
  3	                        9                                    1                                                       

	4
	Sub-band index 0
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        6	                                    0
  3	                        6                                     1                                                       
	12
	Sub-band index 0
index k       cyclic shift index               OCC index
  0	                        0                                     0
  1	                        0	                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	5
	Sub-band index 1
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        6	                                    0
  3	                        6                                     1                                                       
	13
	Sub-band index 1
index k       cyclic shift index               OCC index
  0	                        0                                    0
  1	                        0                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	6
	Sub-band index 2
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        6	                                    0
  3	                        6                                     1                                                       
	14
	Sub-band index 2
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       

	7
	Sub-band index 3
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        6	                                    0
  3	                        6                                     1                                                       
	15
	Sub-band index 3
index k       cyclic shift index               OCC index
  0	                        0	                                    0
  1	                        0	                                    1
  2	                        9	                                    0
  3	                        9                                     1                                                       




Proposal 3: 4-bit RMSI indicates one of the entries in Table 2 for PUCCH parameters.
[bookmark: _Hlk503276912]Proposal 4: Define PUCCH resource for Msg4 HARQ-ACK feedback transmission for a user as given by the following equation:
  
located within: 
    
where  is the index of SB indicated in the RMSI table, is the number of PRBs in each SB,  is the starting CCE index of the detected PDCCH/DCI,  is the number of available PUCCH resources (i.e. combination of cyclic shifts and OCC index which can be identified by an index  given by = as in Table 2) within one PRB, and  is the minimum aggregation level supported in the search space.

Conclusions
In this contribution, we discussed how to design and allocate PUCCH resources for Msg4 HARQ-ACK feedback transmission during the initial access/ before RRC connection set-up, and we have the following proposals.
Proposal 1: Predefine four PUCCH formats {Format 0-1symbol, Format 0-2symbol, Format 1-4symbol, Format 1-14symbol} for initial access where one of the formats is signalled dynamically in the DCI scheduling MSG4 or in the RAR message (MSG2).
Proposal 2: Predefine and fix the value of the transmission parameters such as number of symbols, starting symbol, and hopping resource for each PUCCH format.
Proposal 3: 4-bit RMSI indicates one of the entries in Table 2 for PUCCH parameters.
Proposal 4: Define PUCCH resource for Msg4 HARQ-ACK feedback transmission for a user as given by the following equation:
  
located within: 
    
where  is the index of SB indicated in the RMSI table, is the number of PRBs in each SB,  is the starting CCE index of the detected PDCCH/DCI,  is the number of available PUCCH resources (i.e. combination of cyclic shifts and OCC index which can be identified by an index  given by = as in Table 2) within one PRB, and  is the minimum aggregation level supported in the search space.
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