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[bookmark: _Ref465963108]Introduction
In RAN#92b, the following agreement has been made regarding PUCCH resource allocation:
· 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:
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.

R1-1805667
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

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:
[bookmark: _Ref500241945][bookmark: _Toc510987662]

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

In next section, we will express our views on remaining issues related to PUCCH resource allocation.
[bookmark: _Ref471731770][bookmark: _Ref462669569]Discussion on PUCCH Resource allocation after RRC connection setup
In RAN#92b, the following agreement has been made regarding PUCCH resource allocation:
· 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

In some cases, eNB may configure PUCCH resources set for a particular UE with PUCCH resources all in either short or long durations. In that case, the UE is configured semi-statically of the short PUCCH or long PUCCH. It can’t switch between short PUCCH and long PUCCH dynamically. On the other hand, if a UE is configured with some PUCCH resources in short duration, other resources in long duration, the UE may be dynamically configured in either short or long duration indicated by ARI bits. For example, a UE may be RRC configured with 8 resources, 2 in short duration and 6 in long duration. There is X=2 ARI bits. The 8 resources are divided into 4 resources sub-sets, 1 in short duration and 3 in long duration. ARI bits will select one of the sub-sets and therefore the UE will know whether short PUCCH or long PUCCH format will be used. Implicit mapping is then used to obtain one of the two resources in the sub-set. The resource selection is illustrated in the following figure. 
[image: ]
Figure 1. selection of short or long duration with ARI bits
We therefore make the following proposal:
Proposal 1: The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.

For PUCCH format 2 and 3, the number of RBs could be more than one. When frequency hopping is enabled, the starting RB for both hops are explicitly configured by the gNB. The maximum number of RBs is also configured with the actual number of used RBs calculated based the code rate and the payload size. It’s possible that the starting RB is close to the edge of the UL BWP and then the later RBs will wrap around the UL BWP leading to non-contiguous transmission. 

The purpose of frequency hopping is to provide frequency diversity without leading to non-contiguous allocations during any symbol of transmission. Thus, the back-off from PA saturation can be minimized while the full diversity afforded by the BWP or CC can be realized. In the current specification, this may not be the case unless each hop is guaranteed not to wrap around the BWP or CC, leading to a non-contiguous allocation. 
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Figure 2. non-contiguous transmission

[bookmark: _GoBack]Therefore, we make the following proposal:
Proposal 2: If frequency hopping is enabled, UE is not expected to transmit PUCCH or PUSCH with non-contiguous RB allocation in either the first or the second frequency hop. 
Discussion on PUCCH Resource allocation before RRC connection setup
In RAN1#92b, it has been agreed that for resource allocation for HARQ-ACK before RRC connection setup: 

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.
· One RMSI value is used for indicating cell-specific PRB offset = 0 for PUCCH duration = 2, 4, 10,14 symbols respectively.
· [bookmark: _Hlk513803539](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
· Up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH
· CCE-index-based implicit mapping same as that after UE has a dedicated PUCCH configuration

The current working assumption is that 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

The main motivation for this working assumption is to put the ACK RBs in the middle of the initial UL BWP to avoid out of band interference when the initial UL BWP is at the edge of the system bandwidth. However, this can be easily avoided by not putting initial UL BWP at the very edge. So it’s up to the gNB to determine the location of the initial UL BWP based on its frequency band. Therefore, it’s unnecessary to have the above working assumption. We therefore make the following proposal:
Proposal 3: Do not support the following working assumption for PUCCH resource allocation before a UE has a dedicated PUCCH configuration,
· 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

It has been agreed that up to two sets of initial CS shift indices can be specified for different RMSI values for a specific PUCCH. We think {0, 3, 6, 9} and {0, 6} are the best candidates because they are evenly spaced and can be used in both Format 0 and Format 1. With the agreement, the RMSI mapping table from the 4 bit RMSI to the resource set will have 16x16 resources. One of the 16 RMSI values will select one set containing 16 resources. Each set should have one specific starting symbol, number of symbols. Since PRB indices are determined based on 3 bits ARI and 4 bits RMSI, there should be at most 8RBs. For easy signaling with ARI, the number of RBs should be 2, 4, and 8. The number of resources per resource set in one row will be the product of the number of RBs, the number of usable shifts and the number of OCCs. To match LTE coverage with 30KHz, we also need a repetition factor 2 for at least some of the rows. One example of the 16-row RMSI mapping table is given as follows:

Table 2-1: RMSI mapping table
	RMSI values
	Duration 
	Repetition factor
	RB index of the 1st hop for short duration
	Initial Shift index per RB
	OCC index per RB

	0
	2
	1
	0, 1, N-1, N-2
	0, 3, 6, 9
	NA

	1
	2
	1
	0, 1, 2, 3, N-1, N-2, N-3, N-4
	0, 6
	NA

	2
	4
	1
	0, 1, N-1, N-2
	0, 3, 6, 9
	NA

	3
	4
	1
	0, 1, 2, 3, N-1, N-2, N-3, N-4
	0, 6
	NA

	4
	10
	1
	0, N-1
	0, 3, 6, 9
	0, 1

	5
	10
	1
	0, 1, N-1, N-2
	0, 3, 6, 9
	0

	6
	14
	1
	0, N-1
	0, 3, 6, 9
	0, 1

	7
	14
	1
	0, 1, N-1, N-2
	0, 3, 6, 9
	0

	8
	14
	1
	0, 1, N-1, N-2
	0, 6
	0, 1

	9
	14
	1
	0, 1, 2, 3,N-1, N-2, N-3, N-4
	0, 6
	0

	10
	14
	2
	0, N-1
	0, 3, 6, 9
	0, 1

	11
	14
	2
	0, 1, N-1, N-2
	0, 3, 6, 9
	0

	12
	14
	2
	0, 1, N-1, N-2
	0, 6
	0, 1

	13
	14
	2
	0, 1, 2, 3,N-1, N-2, N-3, N-4
	0, 6
	0

	14
	Reserved

	15
	Reserved




Note that:
· N is the bandwidth of the initial access UL BWP
· When intra-slot frequency hopping is enabled, RB index of the second hop follows mirror hopping rule within the initial access UL BWP. For example, if the RB index of the 1st hop is m, the RB index of the second hop will be N-1-m. 

We therefore make the following proposal:
Proposal 4: For PUCCH resource allocation before RRC connection setup, define the 16-row RMSI mapping table as Table 2-1 to specify the following parameters for each row: 
· RB index for the 1st hop 
· Initial shift indices within each RB from two sets of initial CS {0, 3, 6, 9} and {0, 6}
· OCC indices within each RB
· Repetition factor


The ARI bits should try to indicate the information in the following order: RB index, OCC index, and shift index. The resource index mapping table will vary for each RMSI value. For example, for Row 4 in the Table 2-1, The following table shows the mapping table for the ARI values and relative resource index. As shown in the table, ARI bit can explicitly indicate RB index, and the OCC index. Only shift index may be implicit derived in additional to ARI indication. And we can use the same CCE-index based implicit mapping function to derive the relative resource index as the PUCCH resource allocation after RRC setup. 

Table 2-2: Resource index mapping table for Row 4 in Table 2-1
	
	ARI value
	Relative resource index in the subset
	RB index
	OCC index
	Shift index

	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	3

	2
	1
	0
	0
	0
	6

	3
	1
	1
	0
	0
	9

	4
	2
	0
	0
	1
	0

	5
	2
	1
	0
	1
	3

	6
	3
	0
	0
	1
	6

	7
	3
	1
	0
	1
	9

	8
	4
	0
	N-1
	0
	0

	9
	4
	1
	N-1
	0
	3

	10
	5
	0
	N-1
	0
	6

	11
	5
	1
	N-1
	0
	9

	12
	6
	0
	N-1
	1
	0

	13
	6
	1
	N-1
	1
	3

	14
	7
	0
	N-1
	1
	6

	15
	7
	1
	N-1
	1
	9



In the spec, instead of defining each ARI mapping table as Table 2-2 for each row, we can also just specify a function as the following proposal 6 to determine the RB index, initial shift index, and OCC index based on the number of RBs, the number of initial shifts, the number of OCCs, ARI values, and the relative resource index within the subset.
We therefore make the following proposal:
Proposal 5: For PUCCH resource allocation before RRC connection setup, 
· Both RB index and OCC index should be indicated by ARI
· Use implicit mapping to determine initial shift index only

Proposal 6: Given an ARI value  and relative resource index r, the relative RB index , relative initial shift index , and relative OCC index  can be derived from the following formula:



where ,   ,  is the number of RBs, is the number of initial shifts, and  is the number of OCCs for the resource set selected by 4-bit RMSI. 

Note that, the relative RB index, relative initial shift index and the relative OCC index are all defined the corresponding RB index set, initial shift index set, and the OCC index set given in the RMSI mapping table. For example, for Row 8 in Table 2-1,  means the actual RB index = N-2, and  means the actual initial shift index 6.

LTE supports semi-persistent scheduling (SPS). In LTE, the PDCCH indicating release of SPS assignment is acknowledged by the UE. This allows the base station to confirm that the UE has released the assignment before assigning the SPS resources to other UEs. In NR, more generally, we can envision other such critical commands issued via PDCCH for which there is no corresponding PDSCH packet and thus no natural acknowledgment transmission. If such commands are identified, it is reasonable to consider acknowledgment for such PDCCH transmissions as well, similar to the LTE SPS-release Ack. Such Ack may follow similar rules and procedures as Acks for NR PDSCH, with regard to resource allocation. Since there is no PDSCH, the Ack timing is then related to the corresponding PDCCH timing, just as in LTE SPS-release. In LTE the SPS related PDCCH uses a different RNTI than PDSCH; note that this is not a requirement for considering whether a NR PDCCH needs acknowledgment. One example of a PDCCH that we may consider allowing acknowledgment is a PDCCH that does not schedule any packet but only indicates change of beam, since missing this PDCCH may result in beam mismatch between UE and base station. We thus have the following proposal:

Proposal 7: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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In this document, we consider the resource allocation for PUCCH, and make the following proposals:
Proposal 1: The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.

Proposal 2: If frequency hopping is enabled, UE is not expected to transmit PUCCH or PUSCH with non-contiguous RB allocation in either the first or the second frequency hop. 

Proposal 3: Do not support the following working assumption for PUCCH resource allocation before a UE has a dedicated PUCCH configuration,
· 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
Proposal 4: For PUCCH resource allocation before RRC connection setup, define the 16-row RMSI mapping table as Table 2-1 to specify the following parameters for each row: 
· RB index for the 1st hop 
· Initial shift indices within each RB from two sets of initial CS {0, 3, 6, 9} and {0, 6}
· OCC indices within each RB
· Repetition factor

Proposal 5: For PUCCH resource allocation before RRC connection setup
· Both RB index and OCC index should be indicated by ARI
· Use implicit mapping to determine initial shift index only


Proposal 6: Given an ARI value  and relative resource index r, the relative RB index , relative initial shift index , and relative OCC index  can be derived from the following formula:



where ,   ,  is the number of RBs, is the number of initial shifts, and  is the number of OCCs for the resource set selected by 4-bit RMSI. 

Proposal 7: Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.
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