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1. Introduction

Quite a lot progresses on PUCCH resource allocation were made in RAN1#92 meeting [17]. The remaining issues on implicit mapping and PUCCH resource allocation before dedicated RRC connection can be resolved in RAN1#92-bis meeting.
2. Implicit mapping for PUCCH resource allocation
2.1. Agreements in previous meetings
Agreements in RAN1#92.
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.

2.2. Discussions in Tdocs for RAN1#92
The proposed schemes catagorized into two species: Option 1 is to first use ARI to indication a sub-set in a resource set, then to use the CCE-index-based mapping to determine an actual resource in the sub-set; Option 2 is the EPDCCH-like scheme, i.e. first deriving the resource from the CCE index, and then adopting a offset based on ARI indication. Option 3 is to use the PDCCH candidate index for the implicit mapping to PUCCH resource.
Option 1: ARI-indicated resource sub-set + CCE-index-based implicit mapping within sub-set
Supporting companies: Huawei, vivo, OPPO, Panasonic, LGE, QC, CATT.

Option 1a is the basic approch under the umbrella. Improvements based on CCE-index-based implicit mapping are also introduced which involves other factors in the mapping function, e.g. slot index, RNTI, aggregation level, symbol index, search space/CORESET ID.
Option 1a: Implicit mapping from the CCE index of the last received PDCCH

Supporting companies: QC, OPPO, Panasonic, LGE
It was proposed to follow the approach discussed in previous meetings that the implicit mapping is based on the starting CCE index of the last received PDCCH:
	For PUCCH resource allocation after RRC connection setup, the resource index r within the resource sub-set is implicitly derived based on the following equation: 
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· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits

· C is the starting CCE index of the lastly received DCI within the ACK bundling window. 

· In case of CA, C is the starting CCE index of the DCI received on the smallest CC in the last slot within the ACK bundling window

· L is the aggregation level of the PDCCH associated with C


The major concern about Option 1a is still the DCI mis-detection issue. When the last DCI is mis-detected, the UE would derive the PUCCH resource from the last second DCI by mistake. If the gNB anticipate the possibility of DCI mis-detection on UE side, the gNB can perform decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. But when the UE derive the PUCCH resource from the last second PDCCH by mistake and the resource implied by the last second PDCCH has been re-allocated to other UEs, an unexpected collision would happen. 

If gNB does not like to take the risk of DCI mis-detection, it can 
· First, use the CCE indexes providing a same PUCCH resource index (at least CCE index = {even, odd}) for the last a few PDCCHs, with sacrificing some scheduling flexibility (a company also thinks it would increase PDCCH blocking probability).
· Second, only group UEs without multiple PDCCHs mapped to a PUCCH into a subset. The PUCCH resource for a UE with multiple mapped PDCCH is put in a dedicated subset.

· Finally, configure PUCCH resource set to have 8 resources and avoid using implicit mapping.
Since the above agreement expands the bitwidth of ARI to 3 bits, the negative impacts of the potential mistaken implicit mapping is largely reduced.

Beyond this, Qualcomm also proposes that

	The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.


Option 1b: Implicit mapping from the CCE index with a pseudo-random offset
Supporting companies:Huawei.

Huawei also points out the aggregation level misalignment issue has been noticed in RAN1#92 meeting, and was discussed in DL control session. To avoid the misalignment between gNB and UE, the aggregation level should be removed from the formula.
	To avoid the misalignment between gNB and UE, the implicit PUCCH resource indication should adopt the following formula:
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Note: 
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 is the starting CCE index of the PDCCH, the pseudo-random sequence 
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is defined by TS38.211 clause5.2.1 and shall be initialized with 
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is the number of PUCCH resources in a sub-set.


Option 2: EPDCCH-like approach
Samsung thinks PDCCH operation with multiple CORESETs in NR is largely equivalent to EPDCCH operation with multiple PRB pairs sets in LTE. The corresponding operation in NR is identical to LTE and the same PUCCH resource allocation mechanism can apply for 
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	For resource determination of a PUCCH transmission conveying up to two HARQ-ACK/SR bits, the ARI field in the DCI format provides an offset to a resource determined from mapping the lowest CCE index of the corresponding PDCCH to a resource from a set of up to 32 resources.


Option 3: PDCCH candidate index-based mapping
It is proposed by Nokia that the CCE start index is determined based on a hashing (given above) that uses a candidate index [image: image11.png]


 to determine the CCE start index of each PDDCH candidate in the search space. By defining a candidate index m’ across aggregation levels (ALs), for example, starting from highest AL (AL16) to lowest AL (AL1), of a search space set, we can use index m’ to implicitly determine the PUCCH resource within a PUCCH resource subset. This can be done according to the following equation:
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 denotes the configured number of PDCCH candidates of aggregation level L for search space set s associated with CORESET p. [image: image19.png]omt



 is a pseudo-random number to reduce multi-user blocking (e.g. taken from the PDCCH hashing function), or [image: image21.png]


. The association of index m’ to the AL L is formally given by
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	The implicit indication of ACK/NACK resource on PUCCH is based on a PDCCH candidate index m’ running over the search space set, where the mapping has the form [image: image27.png](m' +¥Y) mod |IR,,|




, Y is a pseudo-random value and r = 0, 1, …, [image: image29.png]IR, |



-1 is an index to one out of [image: image31.png]IR, |



 PUCCH resources.


2.3. Offline discussion outputs
3. Resource allocation for HARQ-ACK before RRC connection setup
3.1. Agreements in previous meetings
RAN1#AH NR 1801 agreements: 

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 

RAN1#92 Agreements:

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, 
· Frequeny 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.
3.2. Discussions in Tdocs for RAN1#92-bis
3.2.1 RMSI Table – cell-specific indications
According to the above agreements, the table specifying cell-spcefic parameters has come into form. An example is as below. Duration and starting symbol have been agreed to be cell-specific and their valid values are also determined. It was also agreed that PRB allocation is partly determined by RMSI. 
	RMSI indication
	Duration/Starting symbol
	Cell-specific PRB offset

	0
	2-symbol/Symbol#12
	

	1
	2-symbol/Symbol#12
	

	2
	2-symbol/Symbol#12
	

	3
	2-symbol/Symbol#12
	

	4
	4-symbol/Symbol#10
	

	5
	4-symbol/Symbol#10
	

	6
	4-symbol/Symbol#10
	

	7
	4-symbol/Symbol#10
	

	8
	10-symbol/Symbol#4
	

	9
	10-symbol/Symbol#4
	

	10
	10-symbol/Symbol#4
	

	11
	10-symbol/Symbol#4
	

	12
	14-symbol/Symbol#0
	

	13
	14-symbol/Symbol#0
	

	14
	14-symbol/Symbol#0
	

	15
	14-symbol/Symbol#0
	


Remaining issue 1: How to defined cell-specific PRB offset indicated in RMSI table?
· Option 1: A PRB offset with x PRBs (selected from outermost PRBs)
· Huawei, CATT, Spreadtrum, LGE, Intel, QC, Nokia, Panasonic
· Option 2: A PRB offset with respect to initial BWP size (0, floor ((NBWP /2)*(1/4)), floor ((NBWP /2)*(2/4)), floor ((NBWP/2)*(3/4)))
· DCM, E///, OPPO
· Option 3: A subband in initial BWP
· NEC
Remaining issue 2: Distribution of PUCCH durations {2, 4, 10, 14 symbols} over 16 RMSI values?

· Option 1: 4 + 4 + 4 + 4
· Huawei, OPPO, NEC, Spreadtrum, Panasonic, LGE, Moto/Lenovo, DCM, E///
· Option 2: 2 + 2 + 6 + 6
· CATT

· Option 3: 2 + 2 + 2 + 4 + 4 {for 14 symbols with 2 repetitions}, reserve 2 entries
· QC
· Option 4: 3 + 3 + 3 + 3, reserve 4 entries
· Nokia

Remaining issue 3: Whether RMSI table indicates the minimum CS gap or initial CS set?
· Option 1: Minimum CS gap
· CATT, Huawei

· Option 2: Initial CS set
· QC
· Option 3: Fixed initial CS set (function of PUCCH Format)

· Nokia
· Option 4: No initial CS indication in RMSI table, i.e. all RMSI values are with the same set of initial CS indices.

Intel proposes that PUCCH durations [1-symbol], 8-symbol and 12-symbol are added to the agreed durations 2/4/10/14 symbols. And a few resource sets can be ‘reserved’ for future NR releases.
Motorola/Lenovo proposes that different common PUCCH resource sets are specified in FR1 and FR2. For FR2, more configurations with short PUCCH duration (e.g. 2, 4, or 6 symbols) and/or more number of different staring symbols of PUCCH resources can be defined.
3.2.2 Resource determination in a resource set
According to the above agreements, 16 UE-specific resources are specified within a PUCCH resource set among which one resource is indicated by 3-bit ARI and 1 additional bit (implicit mapping or explicit mapping). 

Remaining issue 1: Number of UE-specific PRB indices and initial CS indices in a cell

· Option 1: Same for PF0 and PF1, 
· Option 1a: 4 UE-specific PRB offsets and 2 initial CS indices

· DCM, E///

· Option 1b: 2 UE-specific PRB offsets and 4 initial CS indices 
· Nokia

· Option 2: Different for PF0 and PF1, e.g. 4 UE-specific PRB offsets and 2 initial CS indices for PF0 and 2 UE-specific PRB offsets and 4 initial CS indices For PF1.
· NEC, Panasonic, LGE
· Option 3: Derive actual PRB index and CS from a value indicated by ARI + 1 additional bit

· CATT
Remaining issue 2: Fixed OCC index or different OCC indices for 10/14-symbol PUCCH?

· Option 1: Fixed OCC (e.g. OCC index = 0)

· Huawei, Spreadtrum, Nokia
· Option 2: Different OCC (OCC index is indicated or derived from initial CS index)

· CATT, Panasonic, LGE, QC
Remaining issue 3: What is the 1 additional bit used for?
· Option 1: For indicating initial CS index

· NEC, Panasonic, DCM, E///, Nokia
· Option 2: For indicating PRB offset

· OPPO

· Option 3: For indicating hopping direction

· LGE

Remaining issue 4: Besides 3-bit ARI, where does the 1 additional bit come from?

· Option 1: CCE-index-based implicit mapping
· Huawei, OPPO, NEC, Panasonic, LGE (DAI indicates other information), CATT
· Option 2: TC-RNTI-based implicit mapping
· Nokia
· Option 3: Utilize a redundant bit field in DCI format (e.g. 1 bit in DAI)

· CATT, Samsung, Panasonic
3.3. Offline discussion outputs
4. Other aspects 

Some other remaining issues are also discussed in the Tdocs:

4.1. PUCCH resource allocation for non-slot based scheduling
Huawei [1] thinks in order to reduce the overhead of compact DCI for  URLLC, 3 bits for HARQ-ACK slot-timing and 3 bits for ARI indication for slot-based scheduling can be reduced or even removed.
	For non-slot scheduling based on compact DCI, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability.


But whether this issue should be discussed depends on whether compact DCI is needed for URLLC (will be decided in URLLC studies).
vivo thinks, considering mini-slot scheduling, the PUCCH transmission can occur in many possible start symbols if such pipeline scheduling and feedback is performed, in which case the current mechanism with RRC + ARI indication might not be enough. 
	Consider the following alternatives in the NR specification 

· Alt 1: introduce or re-interprate some field in the RRC PUCCH resource configuration to indicate the relative symbol indices difference in the unit of symbol between the PDSCH reception/DL SPS release and the PUCCH transmission which provides corresponding HARQ-ACK information

· Alt 2a: K1 is re-interprates as the number of symbols.
· Alt 2b: K1 is re-interprates as the number of symbols or the number of slots.


4.2. Consideration of fallback PUCCH resource
CATT thinks 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.
	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.


4.3. On support of 2 PUCCH transmissions in a slot
CATT proposes 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.
	If two PUCCHs can be time division multiplexed in a slot, only one is used for HARQ-ACK feedback.


4.4. Value range of the payload size of the PUCCH resource set
Vivo thinks that with only one configured PUCCH RESET, it should be clarified that the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits (less than 3-bit). 
	With only one configured PUCCH RESET, the upper bound of the UCI payload size for that RESET shall not be restricted to up to 2-bits. And the text proposal for TS38.213 in Annex 1 should be considered.


4.5. PUCCH resource allocation for multiple slots
AT&T presents their views on support of long PUCCH over multiple slots.
	Enhanced HARQ multiplexing and bundling techniques should be supported to reduce the impact of peak throughput when HARQ-ACK is repeated over multiple slots


4.6. ACK for PDCCH
Qualcomm addresses the necessity of ACK for PDCCH.
	Transmit ACK for PDCCH indicating beam switching (similar to ACK for SPS release in LTE). FFS for other PDCCH indications.


4.7. Change number of HARQ-ACK bits before RRC connection
Ericsson expresses their limiting the HARQ-ACK to 1 bit implies the UE is limited to monitor only one PDSCH before any uplink transmission in PUCCH before dedicated RRC. 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.
	Only two HARQ-ACK bits without bundling is transmitted on PUCCH before dedicated PUCCH resource configuration
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