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1 Introduction

NR PUCCH resource allocation before and after RRC connection establishment was discussed at the RAN1 #92 meeting as summarized in [1]. This contribution discusses several remaining issues.  
2 Discussion
2.1 PUCCH resource determination after RRC connection
In the RAN1 #92 meeting, there were some agreements on PUCCH resource allocation after RRC connection:                         
Agreements:

· 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 
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· 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 
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· No implicit mapping
· Note: Changing RAN1#91 agreement.
When the number of PUCCH resources is more than 8, the CCE-index-based implicit mapping rule needs to be defined.  A simple rule is to configure 8 resource subsets, where the selected subset is indicated by the ARI field of the DCI.  The actual PUCCH resource, within the signaled subset, can be determined by modulo operation based on the lowest CCE index of scheduled PDCCH as follows:
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where C is the lowest CCE index, L is the aggregation level of the scheduling PDCCH, and M is the number of PUCCH resources in the resource subset.
Proposal 1: when a UE is configured with a set of more than 8 resources for NUCI ≤ 2, CCE index based implicit mapping indicates a resource from a subset of resources where the subset is indicated by the 3-bit ARI field of the scheduling PDCCH.  
2.2 PUCCH resource determination before RRC connection
Regarding the PUCCH resource indication before RRC connection, there were some agreements on PUCCH resource allocation at the RAN1 #92 meeting as follows:
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.
Given these preliminary agreements, a table of 16 entries (rows) still needs to be defined in the specifications, where a row defines a set of cell-specific PUCCH parameters including PUCCH format, duration and starting symbol. In this section, firstly we define the entries of the RMSI indicated table. Secondly we look into how to signal one out of the 16 resources to a UE.

RMSI indication for PUCCH resource allocation 
It was agreed that the PRB index is determined based on ARI and RMSI. One possible way to do this is that the RMSI indicates a PRB offset from the edge of the initial UL BWP, while the ARI field of a scheduling DCI determines the specific PRB index. The PRB offset can help to mitigate inter-cell interference if neighbouring cells use the same PUCCH region. If PRB assignment is contiguous, it is not necessary to specify the exact PRB index in the RMSI table. Instead, a PRB offset can be used to derive the starting PRB away from the edge of the initial UL BWP.
Observation 1:  A PRB offset in RMSI table can be used to derive the starting PRB index. There is no need to specify the exact PRB index in RMSI table.
There is a trade-off between maximizing the minimum cyclic shift (CS) gap to mitigate intra-user interference in a cell, and increasing the multiplexing capacity. Given a minimum CS gap the number of available cyclic shifts in a PRB can be derived as
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From 38.211 the cyclic shift for a given symbol is given by
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where m0 is the signalled initial cyclic shift and mcs is determined by the value of the HARQ-ACK bit(s) for PUCCH Format 0. Given that a pair of cyclic shifts in a PRB is assigned to a single user for PUCCH format 0, a value of Δshift = 4 is a good design trade-off between interference and multiplexing capacity, and results in 3 available initial cyclic shifts in a PRB, namely {0, 4, 8}. For the set of 16 resources indicated by the RMSI field this implies that 6 PRBs are needed, where 3 PRBs can be placed at each BWP edge relative to the PRB offset indicated in the RMSI table. For inter-cell interference management we can consider an offset of 0, 2 or 3 PRBs from the BWP edge.

For PUCCH Format 1, the multiplexing capacity can be increased by utilizing a combination of CS and OCC. However, OCC is not applicable for duration of 4 symbols with frequency hopping, while the minimum OCC length is 2 (3) for durations of 10 (14) symbols respectively. One solution is to effectively disable OCC by fixing the OCC index to a constant value (e.g. 0) for all sets of initial PUCCH resources. 
As an example consider Δshift = 3, which results in m0 ϵ {0, 3, 6, 9}. Four initial cyclic shifts within a PRB, results in a total of 
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PRBs to obtain the set of 16 PUCCH resources, wherein 2 PRBs are located at each BWP edge. If the minimum CS gap is equal to 4, 6 PRBs would be required.  Alternatively, if the minimum CS gap is 2, there are 6 PUCCH resources per PRB and the required number of PRBs is equal to
[image: image8.wmf]é

ù

3

6

/

16

=

. When frequency hopping is applied, 2 PRBs at each BWP edge can be configured. Hence, different minimum CS gaps can be employed to efficiently support different channel delay spreads, as well as allowing some flexibility in the PUCCH overhead reduction.  
Observation 2:  A configurable minimum CS gap is beneficial as a trade-off between minimizing intra-cell interference and optimizing the PUCCH overhead in terms of allocated PRBs.
This is a simple solution where the OCC is effectively disabled. However, the downside is the loss in further interference suppression by applying OCC.
A different solution to obtain further interference suppression is to associate an OCC index with a cyclic shift. This has the benefit of further reducing inter-user interference when the multiplexing capacity is optimized for low speed channels and moderate to high delay spread channels. To see this, consider PUCCH format 1 with 10-symbol duration, where the minimum OCC length is 2 for either UCI or DMRS depending on the frequency hop. The OCC indexes corresponding to
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can be used for subsets of cyclic shift indexes. Therefore, for the set of configured cyclic shifts in a PRB of {0, 2, 4, 6, 8, 10}, the subset of cyclic shift indexes {0, 4, 8} is assigned OCC index
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, and the subset of cyclic shift indexes {2, 6, 10} is assigned OCC index
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. A similar scheme can be done for Δshift = 3. Note that use of different OCC indexes is only possible for PUCCH durations of 10 and 14 symbols.Obviously, on top of CS spacing for different users, different OCC usage in adjacent CS indexes can further reduce the intra-cell interference. 
Observation 3:  Associating different OCC indexes to adjacent cyclic indexes is beneficial to reduce inter-user interference without any compromise of multiplexing capacity.
Based on the above discussion, we have the following proposals:
Proposal 2: Support PRB offset and minimum CS gap configuration in RMSI table.  

Proposal 3: Associate different OCC indexes with different cyclic shift indexes in a PRB used for the initial set of PUCCH resources before RRC connection. 

The proposed set of parameters indicated by the 4-bit RMSI field is shown in Table 1. Only 2 entries are assigned to PUCCH format 0 for a fixed minimum CS gap. More entries could be added by allowing additional PRB offsets (e.g. offsets of  1, 3 can be considered) but our view is that since this PUCCH configuration targets users that have not yet reported RRM measurements to the network it is necessary to ensure reliable PUCCH transmissions with sufficient coverage gain. Therefore, PUCCH Format 1 is more likely to be employed with at least 4 symbols in small cells. The allocated entries in Table 1 for PUCCH Format 1 strike a balance between coverage and the multiplexing capacity/intra-user interference trade-off. Six entries each are assigned for durations of 10 and 14 symbols with minimum CS gaps of 2 - 4.  
Table 1 Proposed RMSI table including PRB offset and minimum CS gap

	Index
	PUCCH format
	First symbol
	Number of symbols
	PRB offset
	Min CS gap

	0
	0
	12
	2
	0
	4

	1
	0
	12
	2
	2
	4

	2
	1
	10
	4
	0
	3

	3
	1
	10
	4
	2
	3

	4
	1
	4
	10
	0
	2

	5
	1
	4
	10
	0
	3

	6
	1
	4
	10
	0
	4

	7
	1
	4
	10
	2
	2

	8
	1
	4
	10
	2 or 3
	3

	9
	1
	4
	10
	2
	4

	10
	1
	0
	14
	0
	2

	11
	1
	0
	14
	0
	3

	12
	1
	0
	14
	0
	4

	13
	1
	0
	14
	2
	2

	14
	1
	0
	14
	2 or 3
	3

	15
	1
	0
	14
	2
	4


Proposal 4: Adopt the entries in Table 1 as the initial PUCCH configuration indicated by the 4-bit PUCCH field in RMSI.
DCI indication for PUCCH resource allocation  
When the minimum CS gap is determined by the 4-bit RMSI PUCCH configuration index, the actual PRB index is also determined. Since 16 resources are provided by each RMSI entry indicated by Table 1, a 4-bit resource index denoted as 
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 can be used to map to the PRB index, where is dynamically signalled and is subsequently described. First, define the number of PUCCH resources in a PRB as
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, which is determined by the minimum CS gap as described in a previous section. To determine the PRB index, first define a variable m as follows
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The PRB index is given by


[image: image18.wmf]ï

ï

î

ï

ï

í

ì

=

÷

ø

ö

ç

è

æ

+

ú

û

ú

ê

ë

ê

-

-

-

=

÷

ø

ö

ç

è

æ

+

+

ú

û

ú

ê

ë

ê

=

1

2

mod

hop

 

if

2

1

_

0

2

mod

hop

 

if

_

2

PRB

0

BWP

RB

n

m

m

offset

PRB

N

n

m

offset

PRB

m

n


Where 
  
 for the first hop and 
  
 for the second hop. For example, with 
  
 resources in a PRB, the 16 PUCCH resources are distributed as shown below
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Figure 1PUCCH resource mapping with minimum CS gap equal to 3 for PUCCH Format 1
Finally, we discuss how to obtain the 4-bit PUCCH resource index 
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. There are two candidate solutions for consideration, where the first one is to use CCE-based implicit mapping similar to the PUCCH allocation after a UE has been configured with a dedicated PUCCH configuration, and the second solution is to use a bit from an unused field in DCI format 1_0. For either solution the ARI field of the scheduling PDCCH can provide the 3 LSBs while the MSB is either provided by the lowest indexed CCE of the scheduling PDCCH or by an unused bit from the same DCI.

When using the CCE-based method, the set of 16 resources can be partitioned into two subsets each with 8 resources. The lowest indexed CCE normalized by the AL can be used to select one of these subsets and then the actual resource in the subset is indicated by ARI. Note that this is equivalent to defining the MSB of a 4-bit field as
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Then the 4-bit index for selecting the PUCCH resource is given by
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This resource determination equation also applies if 1 bit of an unused field in the DCI is adopted. For example, the counter DAI field in DCI Format 1_0 is reserved before the UE receives a dedicated PUCCH configuration since there is no need for HARQ-ACK codebook determination. Therefore, the LSB or the MSB of the 2-bit counter DAI field can be used as the MSB of a 4-bit PUCCH resource indication.

Proposal 5: A 4-bit indication consisting of the ARI as LSBs and a MSB determined from either CCE based implicit mapping or taken from an unused field such as the DAI field is used to indicate one out of the 16 resources configured by RMSI as 
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2.3 Consideration of fallback PUCCH resource
For the transition from RRC_IDLE to RRC_CONNECTED, a UE performs a RACH procedure which is successfully completed if the contention resolution message contains the UE ID reported in RA Msg3. At this point the UE may still need to exchange some information with the gNB such as reporting its capabilities before it receives dedication RRC configuration. For any PDSCH reception during this period, the HARQ-ACK feedback uses the set of PUCCH resources indicated by RMSI until dedicated PUCCH configuration is received.

A second use case for the cell-common PUCCH resource set is during RRC reconfiguration. If the set(s) of dedicated PUCCH resources configured for a UE are reconfigured by RRC signaling, a fallback set of PUCCH resources is desirable to avoid ambiguity between the gNB and UE regarding the effective start time of the reconfiguration up until the UE transmits a RRC reconfiguration complete message. The initial set of PUCCH resources derived from the 4-bit PUCCH field in RMSI may be used for this purpose. 

During any ambiguity period, the set of PUCCH resources to use for HARQ-ACK feedback should be clearly understood by the UE. One possible solution is that if a single PDCCH scheduling PDSCH or DL SPS release is received in CORESET0 of the PCell, the ARI in the PDCCH indicates a resource from the cell-common PUCCH resource set, denoted here as ResSet0. This implies that when a UE is scheduled with PDCCH in CORESET0 and reports 1-2 bits HARQ-ACK, the initial PUCCH resource set indicated by RMSI should be used. 
Observation 4:  The initial PUCCH resource set indicated by RMSI can be used as fallback PUCCH resource set in case the UE-specific set configured by RRC signaling is unavailable.  
Proposal 6: Support using the initial PUCCH resource set indicated by RMSI as a fallback PUCCH resource set. A UE applies the initial PUCCH resource set if it receives a single PDSCH scheduled by PDCCH transmitted in CORESET 0.  
2.4 On support of 2 PUCCH transmissions in a slot
It was previously agreed that two PUCCH transmissions can be time division multiplexed in one slot, but there was no agreement whether the two PUCCHs can both be used for HARQ-ACK. This is difficult to support for semi-static HARQ-ACK codebook as it is not clear which PUCCH would convey the HARQ-ACK feedback.

For dynamic HARQ-ACK codebook, as the gNB cannot predict the feedback window size, different ARI values in different PDCCH monitoring occasions could be supported. However, this could result in two possible interpretations of the HARQ-ACK codebook depending on whether all HARQ-ACKs are transmitted in one PUCCH or split between the two PUCCHs and would cause some ambiguity in determining the PUCCH resource set. Therefore, we propose to clarify that when two PUCCHs are configured in slot in TDM manner, only one can be used for HARQ-ACK feedback in the slot. 

Proposal 7: If two PUCCHs can be time division multiplexed in a slot, only one is used for HARQ-ACK feedback.
3 Conclusion
In this contribution, we discussed some remaining issues on PUCCH resource allocation and provided our views on finalizing these issues. In summary, the observation and proposals are as follows:
Observation 1: A PRB offset in RMSI table can be used to derive the starting PRB index. There is no need to specify the exact PRB index in RMSI table. 

Observation 2:  A configurable minimum CS gap is beneficial as a trade-off between minimizing intra-cell interference and optimizing the PUCCH overhead in terms of allocated PRBs.
Observation 3:  Associating different OCC indexes to adjacent cyclic indexes is beneficial to reduce inter-user interference without any compromise of multiplexing capacity.
Observation 4:  The initial PUCCH resource set indicated by RMSI can be used as fallback PUCCH resource set in case the UE-specific set configured by RRC signaling is unavailable.   
Proposal 1: when a UE is configured with a set of more than 8 resources for NUCI ≤ 2, CCE index based implicit mapping indicates a resource from a subset of resources where the subset is indicated by the 3-bit ARI field of the scheduling PDCCH.
Proposal 2: Support PRB offset and minimum CS gap configuration in RMSI table.  

Proposal 3: Associate different OCC indexes with different cyclic shift indexes in a PRB used for the initial set of PUCCH resources before RRC connection. 
Proposal 4: Adopt the entries in Table 1 as the initial PUCCH configuration indicated by the 4-bit PUCCH field in RMSI.
Proposal 5: A 4-bit indication consisting of the ARI as LSBs and a MSB determined from either CCE based implicit mapping or taken from an unused field such as the DAI field is used to indicate one out of the 16 resources configured by RMSI as 
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Proposal 6: Support using the initial PUCCH resource set indicated by RMSI as a fallback PUCCH resource set. A UE applies the initial PUCCH resource set if it receives a single PDSCH scheduled by PDCCH transmitted in CORESET 0.   
Proposal 7: if two PUCCHs can be time division multiplexed in a slot, only one is used for HARQ-ACK feedback.
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