[bookmark: _GoBack]3GPP TSG RAN WG1 Meeting #93		R1-1806468
Busan, Korea, May 21st – 25th, 2018 

Agenda Item:	7.1.3.2.4
Source:	NEC
Title:	Remaining issues of PUCCH RA prior to RRC configuration
Document for:	Discussion and decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the last few meetings, RAN1 discussed the PUCCH resource allocation during the initial access or before a UE has a dedicated PUCCH configuration, 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
Agreements:
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 

Working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequency hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:
· 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.
Agreements:
· 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.
Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = Floor(NBWP/4) for PUCCH duration = 14 symbols.
· NBWP is the size of initial UL BWP
Agreements:
Confirm the following working assumption:
· For HARQ-ACK resource allocation before a UE has a dedicated PUCCH configuration, 
· Frequency hopping is always enabled for PUCCH transmission for FR1 and FR2.
Agreements:
For PUCCH resource allocation before a UE has a dedicated PUCCH configuration, 
· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format
Agreements:
For PUCCH resource determination within a resource set before a UE has a dedicated PUCCH configuration, besides 3-bit ARI, the additional 1-bit indication is based on 
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration

In this contribution, we discuss few remaining issues of PUCCH resource allocations for Msg4 HARQ-ACK feedback transmission during the initial access or before a UE has a dedicated PUCCH configuration.

Remaining issues for PUCCH RA prior to RRC configuration
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The PUCCH resource allocation has been discussed quite some time where the design is almost finalized, but there are few remaining details that need to be completed, for example how to indicate frequency hopping direction, the set of initial CS shift indices and total PRB offsets.
PUCCH duration: It is agreed that PUCCH durations of 2, 4, 10 and 14 are supported for PUCCH resource allocation before a UE has a dedicated PUCCH configuration.
PUCCH starting symbol: The following starting symbols are supported for different PUCCH durations:
· For PUCCH duration = 2, the starting symbol is symbol 12 within the slot
· For PUCCH duration = 4, the starting symbol is symbol 10 within the slot
· For PUCCH duration = 10, the starting symbol is symbol 4 within the slot
· For PUCCH duration = 14, the starting symbol is symbol 0 within the slot
Frequency hopping: it was confirmed the agreement that the frequency hopping is always enabled for PUCCH transmission for FR1 and FR2. However, the frequency hopping usually hops between two resources, for example at the edges of the initial bandwidth. In this case, it is necessary to pair two UEs where one is on the lower edge and the other is on the top edge (aka hopping direction). Therefore, in order to have a flexible resource allocation, it is necessary to indicate the hopping direction dynamically as a part of the 3-bit indication in the DCI format.
Proposal 1: Frequency hopping direction should be indicated dynamically as a part of the 3-bit in the DCI format.
Furthermore, it was agreed that besides 3-bit ARI in the DCI format, the additional 1-bit indication is based on CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration. Another related agreement is that it was decided that up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH format. Therefore, the 3-bit and the additional implicit 1-bit should indicate one of the 16 UE-specific PUCCH resources. In our view, the additional implicit 1-bit should be used to signal one of the two sets of initial CS shift indices. The additional implicit 1-bit is based on CCE-index as already agreed in the last meeting. 
Proposal 2: The additional 1-bit that is based on CCE-index should be used to signal one of the two sets of initial CS shift indices.
For defining the location of the PUCCH resources for the initial access as discussed in the last meeting, it is important to include a cell-specific offset in order to place the PUCCH resource away from the edges of the bandwidth part (BWP) when needed, for example when the edges of the BWP suffer from high level of interference. This offset can be expressed in terms of number of PRBs or sub-band index. RAN1 agreement is that one RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively. In addition, a working assumption has been agreed that one RMSI value is used for indicating cell-specific PRB offset = floor(NBWP/4) for PUCCH duration = 14 symbols where NBWP is the size of initial UL BWP. We think the cell-specific PRB offset = floor(NBWP/4) should be also applied to PUCCH duration = 2, 4, 10 symbols.
Moreover, in order to increase the multiplexing capacity in adjacent PRBs for PUCCH resource allocations in a cell, it is important to include a UE-specific PRB offset where the total PRB offset is defined as follows:
PRB_offset (x) = cell-specific PRB offset + UE-specific PRB offset

Proposal 3: Confirm the working assumption with the following modifications:
· [bookmark: _Hlk512849110](working assumption) One RMSI value is used for indicating cell-specific PRB offset = floor(NBWP/4) for PUCCH duration = 2, 4, 10, 14 symbols.
· NBWP is the size of initial UL BWP

Proposal 4: Define the total PRB offset as:
· PRB_offset (x) = cell-specific PRB offset + UE-specific PRB offset

As discussed above, Table 1 captures the final complete design of PUCCH resource allocation during the initial access or before a UE has a dedicated PUCCH configuration.

     Table 1. 4-bit RMSI indicates one of the entries in this table for PUCCH parameters
	Index
	PUCCH parameters

	0
	2-symbol duration with cell-specific PRB offset = 0
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                

	1
	4-symbol duration with cell-specific PRB offset = 0
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	2
	10-symbol duration with cell-specific PRB offset = 0
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	3
	14-symbol duration with cell-specific PRB offset = 0
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	4
	2-symbol duration with cell-specific PRB offset = floor(NBWP/4)
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	5
	4-symbol duration with cell-specific PRB offset = floor(NBWP/4)
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	6
	10-symbol duration with cell-specific PRB offset = floor(NBWP/4)
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	7
	14-symbol duration with cell-specific PRB offset = floor(NBWP/4)
 ARI           Hopping direction                 UE-specific PRB offset          Cyclic shift index (CCE index mod 2)
  0	                          0                                                  0                                    0	                                 3                                  
  1	                          0                                                  1                                    6	                                 9                                                                
  2	                          0                                                  2                                    0	                                 3                                                                    
  3	                          0                                                  3                                    6                                  9                                                                
  4	                          1                                                  0                                    0	                                 3                                  
  5	                          1                                                  2                                    6	                                 9                                                                
  6	                          1                                                  3                                    0	                                 3                                                                    
  7	                          1                                                  4                                    6                                  9                                                                                                                  

	8
	Reserved 

	9
	Reserved                                                                                                                       

	10
	Reserved                                                                                                                       

	11
	Reserved                                                                                                                       

	12
	Reserved                                                                                                                       

	13
	Reserved                                                                                                                       

	14
	Reserved                                                                                                                       

	15
	Reserved                                                                                                                       



Proposal 5: 4-bit RMSI indicates one of the entries in Table 1 for PUCCH RA during the initial access or before a UE has a dedicated PUCCH configuration.

Conclusions
In this contribution, we have discussed some remaining issues for PUCCH resource allocations during the initial access or before a UE has a dedicated PUCCH configuration, and we have the following proposals.
Proposal 1: Frequency hopping direction should be indicated dynamically as a part of the 3-bit in the DCI format.
Proposal 2: The additional 1-bit that is based on CCE-index should be used to signal one of the two sets of initial CS shift indices.
Proposal 3: Confirm the working assumption with the following modifications:
· (working assumption) One RMSI value is used for indicating cell-specific PRB offset = floor(NBWP/4) for PUCCH duration = 2, 4, 10, 14 symbols.
· NBWP is the size of initial UL BWP

Proposal 4: Define the total PRB offset as:
· PRB_offset (x) = cell-specific PRB offset + UE-specific PRB offset

Proposal 5: 4-bit RMSI indicates one of the entries in Table 1 for PUCCH RA during the initial access or before a UE has a dedicated PUCCH configuration.
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