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Introduction
The following agreements were made in the last meetings with respect to PUCCH resource configurations[1]:
	Agreements:
· For PUCCH resource allocation with NUCI≤2 after a UE has a dedicated PUCCH configuration, when >8 resources are configured,
· The resource index r within the resource set is derived by: 

· m is the ARI value
· NCCE,p is the total number of CCEs in CORESET p of the corresponding PDCCH
· R is the resource set   
· |Ri| is given by:
 
· CCEstart is the starting CCE index of the last received DCI within the ACK bundling window
· In case of CA, CCEstart is the starting CCE index of the DCI received on the CC with the smallest CC index in the last slot where a DCI is received within the ACK bundling window
· FFS the case of different SCS of CCs in CA
·  Note: for m>0, the summation in the equation is equivalent to having the upper bound as m-1 without substracting |Rm| - up to editor how to capture


Agreements:
For PUCCH resource allocation with NUCI≤2 after a UE has a dedicated PUCCH configuration, when >8 resources are configured,
· Adopt the following equation for 38.213 subclause 9.2.3 for resource index r within the resource set:
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Where, m is the PUCCH resource indicator field value,  is the number of the PUCCH resources given by higher layer parameter maxNrofPUCCH-ResourcesPerSet. CCEstart is the starting CCE index of the last received DCI within the ACK bundling window, In case of CA, CCEstart is the starting CCE index of the DCI received on the CC with the largest CC index in the last slot where a DCI is received within the ACK bundling window . And  is the number of CCEs in control resource set p. r is the PUCCH resource index within the PUCCH resource set. .

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
Agreements:
Confirm the following working assumption:
· 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.

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:
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




With respect to resource allocation for PUCCH transmissions the most important open issue is the determination of PUCCH resources before dedicated RRC contention setup. This issue was discussed intensively during the last meeting and some progress was made. This contribution addresses the remaining open issues. 
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PUCCH resources before dedicated RRC configuration
Choices of PUCCH resource parameters before RRC connection setup should provide good coverage, robustness, efficient usage and simplicity. Therefore, we support that frequency hopping should be always enabled and propose to confirm the WA.
On the PRB allocation, to reduce the intra-cell interference, we prefer to multiplex the UEs in different PRBs as much as possible and as the last resource, multiplex the UEs based on CDM. Since the PRB offset index is agreed to be based on RMSI and ARI, and each cell is supporting maximum 16 PUCCH resources before dedicated RRC connection , we propose to use 3 ARI bits to indicate 8 PRB pairs (each pair contains a PRB on each side of the initial UL BWP) in total with 4 PRB on each side of the initial UL BWP where each PRB pair can be shared between two UEs in a cell via CDM. Hence, one bit implicit can allocate two different CS to two different UEs sharing the same PRB pair for transmission of PUCCH in a cell. 
Moreover, we would like to have the possibility to allocate different PRBs to different cells to reduce the inter-cell interference on PUCCH transmissions by protecting the PUCCH transmission from different degree of interference from adjacent carriers or bands. It would be a reasonable design choice if three cells are allocated with PRBs close to the band edges such that one cell is allocated with the outermost 4 PRB pairs on an edge and the other cell with the next outermost 4 PRB pairs on the edge and the third cell with the next outermost 4 PRB pairs on the edge of an initial UL BWP. 
We also believe that it is beneficial to have PUCCH resource configurations with PRB allocations further away from the edges, especially for operations with an initial BWP spanning a large part of the UL carrier bandwidth. The reason is to provide protection for deployments that suffer from out of band emissions from transmissions in neighboring bands which can result to interference on the band edges. It can also be the case that NR transmissions provides interference for neighboring bands that can be reduced by increasing the distance of allocated resources in NR from band edges. It is in general beneficial to provide sufficient protection for HARQ-ACK transmission on PUCCH with proper planning.  Another important aspect is to be able to schedule data transmission on the band-edges for the initial access to be able to operate on a smaller part of the bandwidth by transmitting the PUCCH further away from the band edges.
Therefore, we propose to have cell-specific PRB offset further away from band-edges, such as ¼ of the total initial UL BWP. These configurations would be useful for deployments with narrow bandwidth and suffering from adjacent interference.
Based on the above discussion, we summarize our preference in the following proposal:
Proposal:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· The PRBs of the two hops are x PRBs away from each edge of the initial UL BWP of N PRBs.
· X = Cell specific PRB offset + UE specific PRB offset
· Four rows are used for a given duration and starting symbol of a PUCCH format.
· Cell-specific PRB offset is determined by following

	RMSI indication
	PUCCH format
	First symbol
	Number of symbols
	Cell specific PRB offset

	0
	Format 1
	0
	14
	0

	1
	
	
	
	4

	2
	
	
	
	8

	3
	
	
	
	Floor(N/4)

	4
	Format 1
	4
	10
	0

	5
	
	
	
	4

	6
	
	
	
	8

	7
	
	
	
	Floor(N/4)

	8
	Format 1
	10
	4
	0

	9
	
	
	
	4

	10
	
	
	
	8

	11
	
	
	
	Floor(N/4)

	12
	Format 0
	12
	2
	0

	13
	
	
	
	4

	14
	
	
	
	8

	15
	
	
	
	Floor(N/4)



· 4 UE-specific PRB offset and initial cyclic shift are determined for each cell by following table, where
· r = {0, 1} is the implicit value 
· Hopping direction = 1 implies the PRB indices of 1st and 2nd hops are X and (N-1) – X, respectively.
· Hopping direction=2 implies the PRB indices of 1st and 2nd hops are (N-1) – X and X, respectively.

	ARI
	Hopping direction
	UE specific　PRB offset
	Initial CS index

	
	
	
	r = 0
	r = 1

	000
	1
	0
	0
	3

	001
	
	1
	0
	3

	010
	
	2
	0
	3

	011
	
	3
	0
	3

	100
	2
	0
	0
	3

	101
	
	1
	0
	3

	110
	
	2
	0
	3

	111
	
	3
	0
	3



HARQ-ACK feedback before dedicated RRC connection
During the discussion on deciding the PUCCH formats before RRC connection, it has been agreed that a UE can transmit only 1 HARQ-ACK bit without bundling before RRC connection. That led to the decision that only PUCCH format 0 and 1 are supported before the UE is in dedicated RRC connected mode. When it comes to the HARQ-ACK code book design for the purpose of providing feedback before dedicated RRC connection, based on this agreement it was concluded that there is no need to define a default code-book since the UE is transmitting only 1-bit HARQACK. 

It is important to note that the PDSCH transmission to be acknowledged, is intended for contention resolution and providing RRC configurations. The amount of information to be transmitted depends on the resources allocated to the PDSCH transmission. 

The major concern is that the agreement implies that the UE is limited to monitor only one PDSCH before any uplink transmission in PUCCH before dedicated RRC. That means that the resources are limited to one PDSCH. Consider the case of small bandwidth for initial access. Without MIMO transmission the resources for full RRC configurations would be considerably limited which can severely disadvantage an NR UE. Therefore, from our perspective the above agreement imposes severe limitations on the NR design and it is worth to be revisited with minimum specification impact.

The most straightforward solution is to enable possibility of another PDSCH. That implies that the number of corresponding HARQ-ACK bits is increased to 2 bits. Hence the PUCCH resources format before dedicated RRC connections can be only format 0 or format 1. With respect to HARQ-code book, in our perspective the conclusion from the last meeting should be maintained and still there should not be any need to define a default HARQ-ACK codebook before dedicated RRC configuration. The simplest approach is to assume that the UE transmits 2 HARQ-ACK bits. In this case, the counter DAI in the fall-back DCI 1_0 can only be 1 or 2. Hence, the UE can determine the 2-bit HARQ-ACK bits using the counter DAI and the monitored PDSCH assuming NACK for the missing PDSCH transmissions as illustrated in Figure 1.

[image: ]
· Case A: The UE detects 2 PDSCH with the corresponding counter DAI and transmit two bits formed by (X0, X1) in the PUCCH.

[image: ]
· Case B: The UE detects only one PDSCH with the corresponding counter DAI and transmit two bits formed by (X0, N) in the PUCCH.

[image: ]
· Case C: The UE detects only one PDSCH with the corresponding counter DAI and transmit two bits formed by (N, X1) in the PUCCH.
[bookmark: _Ref509962352]Figure 1: Illustration of generating 2-bit s HARQ-ACK when UE detects PDSCH carrying Msg4 before dedicated PUCCH resources
Therefore, we propose the following:
Proposal:
· Only two HARQ-ACK bits without bundling is transmitted on PUCCH before dedicated PUCCH resource configuration 
· Adopt the following text proposal for Section 9.2.1 in TS 38.213.
-------------- Start of Text Proposal-----------------------
9.2.1 	PUCCH Resource Sets
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-Resource-Set, an initial active UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common provided by SystemInformationBlockType1 through an index to a row of Table 9.2.1-1. A PUCCH resource set includes a PUCCH format, a first symbol, and a duration for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE shall transmit the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. The UE is not expected to generate more than one two HARQ-ACK information bits if it detects one or two PDSCH associated with the same PUCCH resource. 
----------------- End of Text Proposal ------------------------------------
Conclusion
In this contribution, we discussed the remaining issues regarding the PUCCH resource allocation before dedicated RRC configurations and proposed the following:
Proposal:
· For resource allocation for HARQ-ACK before dedicated RRC connection setup, 
· The PRBs of the two hops are x PRBs away from each edge of the initial UL BWP of N PRBs.
· X = Cell specific PRB offset + UE specific PRB offset
· Four rows are used for a given duration and starting symbol of a PUCCH format.
· Cell-specific PRB offset is determined by following

	RMSI indication
	PUCCH format
	First symbol
	Number of symbols
	Cell specific PRB offset

	0
	Format 1
	0
	14
	0

	1
	
	
	
	4

	2
	
	
	
	8

	3
	
	
	
	Floor(N/4)

	4
	Format 1
	4
	10
	0

	5
	
	
	
	4

	6
	
	
	
	8

	7
	
	
	
	Floor(N/4)

	8
	Format 1
	10
	4
	0

	9
	
	
	
	4

	10
	
	
	
	8

	11
	
	
	
	Floor(N/4)

	12
	Format 0
	12
	2
	0

	13
	
	
	
	4

	14
	
	
	
	8

	15
	
	
	
	Floor(N/4)



· 4 UE-specific PRB offset and initial cyclic shift are determined for each cell by following table, where
· r = {0, 1} is the implicit value 
· Hopping direction = 1 implies the PRB indices of 1st and 2nd hops are X and (N-1) – X, respectively.
· Hopping direction=2 implies the PRB indices of 1st and 2nd hops are (N-1) – X and X, respectively.

	ARI
	Hopping direction
	UE specific　PRB offset
	Initial CS index

	
	
	
	r = 0
	r = 1

	000
	1
	0
	0
	3

	001
	
	1
	0
	3

	010
	
	2
	0
	3

	011
	
	3
	0
	3

	100
	2
	0
	0
	3

	101
	
	1
	0
	3

	110
	
	2
	0
	3

	111
	
	3
	0
	3



Proposal 4:
· Only two HARQ-ACK bits without bundling is transmitted on PUCCH before dedicated PUCCH resource configuration 
· Adopt the following text proposal for Section 9.2.1 in TS 38.213.
-------------- Start of Text Proposal-----------------------
9.2.1 	PUCCH Resource Sets
If a UE does not have dedicated PUCCH resource configuration, provided by higher layer parameter PUCCH-Resource-Set, an initial active UL BWP for PUCCH transmission with HARQ-ACK information is indicated by SystemInformationBlockType1 and a PUCCH resource set is provided by higher layer parameter PUCCH-Resource-Common provided by SystemInformationBlockType1 through an index to a row of Table 9.2.1-1. A PUCCH resource set includes a PUCCH format, a first symbol, and a duration for a PUCCH transmission. The UE transmits a PUCCH using frequency hopping. The UE shall transmit the PUCCH using the same spatial domain transmission filter as for the Msg3 PUSCH transmission. The UE is not expected to generate more than one two HARQ-ACK information bits if it detects one or two PDSCH associated with the same PUCCH resource. 
----------------- End of Text Proposal ------------------------------------
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Appendix
The relevant agreements from the previous meetings are listed below:
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 (RAN1#91):
· For PUCCH resource allocation with fallback DCI,
· The same approach is used as that with normal DCI.

Agreements (RAN1#91):
· 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 (RAN1#91):
· 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
 Agreement (RAN1#AH1801):
· 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
Agreement (RAN1#AH1801):
· 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 (RAN1#92):
· 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.

Agreements (RAN1#92):
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 (RAN1#92):
· 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.

Agreements (RAN1#92):
· 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 (RAN1#92):
· 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 (RAN1#92bis):
· For PUCCH resource allocation with NUCI≤2 after a UE has a dedicated PUCCH configuration, when >8 resources are configured,
· The resource index r within the resource set is derived by: 

· m is the ARI value
· NCCE,p is the total number of CCEs in CORESET p of the corresponding PDCCH
· R is the resource set   
· |Ri| is given by:
 
· CCEstart is the starting CCE index of the last received DCI within the ACK bundling window
· In case of CA, CCEstart is the starting CCE index of the DCI received on the CC with the smallest CC index in the last slot where a DCI is received within the ACK bundling window
· FFS the case of different SCS of CCs in CA
·  Note: for m>0, the summation in the equation is equivalent to having the upper bound as m-1 without substracting |Rm| - up to editor how to capture

Agreements (RAN1#92bis):
· Confirm the following working assumption:
· 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.

Agreements (RAN1#92bis):
· 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 (RAN1#92bis):
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 (RAN1#92bis):
For PUCCH resource allocation with NUCI≤2 after a UE has a dedicated PUCCH configuration, when >8 resources are configured,
· Adopt the following equation for 38.213 subclause 9.2.3 for resource index r within the resource set:


Where, m is the PUCCH resource indicator field value,  is the number of the PUCCH resources given by higher layer parameter maxNrofPUCCH-ResourcesPerSet. CCEstart is the starting CCE index of the last received DCI within the ACK bundling window, In case of CA, CCEstart is the starting CCE index of the DCI received on the CC with the largest CC index in the last slot where a DCI is received within the ACK bundling window . And  is the number of CCEs in control resource set p. r is the PUCCH resource index within the PUCCH resource set. .

Agreements (RAN1#92bis):
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
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