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1. Introduction

Some progress on resource allocation for HARQ-ACK before RRC connection setup was made in RAN1#AH NR 1801 meeting [17]. Implicit mapping issue was also heated ly discussed [18]. But on consensus was built. 
2. Implicit mapping for PUCCH resource allocation
2.1. Discussion status in RAN1#91
There were intensive discussions on the implicit mapping approaches in RAN1#AH NR 1801. But no agreement was achieved. An down-selection can be made based on the options listed in the offline summary [18]. The opinions on the options in the Tdocs for this meeting is listed below.
· Option 1: Implicit indication is based on CCE index
· QC, ZTE, OPPO, LGE
· Option 2: Implicit indication is based on RBG index
· QC
· Option 3: Implicit indication is based on TPC
· Samsung, DOCOMO (only for secondary cell), Panasonic (only for secondary cell)
· Option 5: No implicit indication, ARI is increased to 3 bits (reverting RAN1#91 agreement)
· Huawei, CATT, Nokia, DOCOMO, Panasonic, Intel
· Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats
· OPPO
Some concerns were raised that when the last PDCCH is mis-detected, the UE would derive the PUCCH resource from the last second PDCCH by mistake. If the gNB anticipate the possibility of PDCCH mis-detection on UE side, the gNB can performing decoding on multiple hypothesized PUCCH resources to guarantee the successful PUCCH reception. 

Another consequence the PDCCH mis-detection may lead to is the potential unexpected collision. When the UE would 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. 

2.2. Discussions in Tdocs for RAN1#92
For this meeting, quite a lot companies express their views on this issue. And several different options are proposed.

Option 1: Implicit indication is based on CCE index
Most of companies still consider this issue based on CCE-index mapping. Some companies think the error probability would be small, the robustness of this scheme is still acceptable. 
Under the umbrella of CCE-index mapping, Qualcomm [17], Huawei [1] [19], ZTE [2] and Intel [6] propose their improved approaches respectively.

Option 1a: Implicit mapping from the CCE index of the last received PDCCH

Qualcomm [17] proposes to follow the approach discussed in last meeting that the implicit mapping is based on the starting CCE index of the last received PDCCH, but with some improvements:
	· Use ARI bits to indicate short or long duration in the resource set 
· The resources sub-set indicated by ARI bits should contain resources in either short or long duration but not both.
· The resource index r within the resource sub-set is implicitly derived based on starting CCE index according to 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 1 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 4 resources and avoid using implicit mapping.
Option 1b: Implicit mapping from the CCE index with a pseudo-random offset
ZTE proposes an improved CCE-index-based approach by adding a pseudo-random offset to the starting CCE index. To further randomize the collision, the offset configured in a UE specific manner. An example is to use the configurable ID for DM-RS sequence initialization for each CORESET configured by UE-specific RRC signalling.
	· The PUCCH resource index within a subset is implicitly indicated by 
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 is a pseudo-random function and initialized by a configured ID.
· The two resources within a subset indicated by ARI and implicitly mapping is corresponds to a same PUCCH format.


But it seems the approach cannot resolve the DCI mis-detection issue.
Option 2: Implicit indication is based on RBG index
Option 2 is to do implicit mapping based on starting RBG index of the corresponding PDSCH. For example, with M=2 resources per resource subset, the even RBG index indicates the first resource in the resource subset and the odd RGB index indicates the second resource. 
Qualcomm thinks that the benefit of using PDSCH staring RBG index is the gNB may be easier to arrange the RBG index of the PDSCH cross slots and cross CCs so that all PDSCHs corresponding to the same ACK transmission will have all even or all odd RBG index. This way, they will be mapped to the same PUCCH resource even if the last PDCCH was not decoded successfully. 
	Mapping from the starting RBG index according to the following equation: 
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· M is the number of PUCCH resources in the resource sub-set indicated by ARI bits

· I is the starting RBG index of the PDSCH


Nokia [8] observes that this option can potentially lead to the presence of RBG holes, reducing the scheduling efficiency. OPPO [9] also thinks PDSCH needs a better scheduling flexibility than PDCCH, it is more unreasonable to restrict the scheduling of RBG index than that of CCE index.
Option 3: Implicit indication is based on TPC
Samsung thinks with the CCE-index-based scheme, gNB has to perform an increased PUCCH blind detection attempts to solve the resource mis-understanding due to the PDCCH mis-detection. And in order to avoid the unexpected collision, gNB need to ensure that a same CCE mapping for a current PDCCH and for a given cell is used for subsequent PDCCH transmissions and for all other cells, which is not deemed practically meaningful.
It was proposed to use TPC command as the reference parameter for the implicit mapping. The inherent redundancy in transmitting the same TPC command can provide the robustness required for implicit PUCCH resource determination.
	· Implicit PUCCH resource determination when the ARI indicates a set of 2 PUCCH resources is by mapping the {-1, 0} dB TPC values to the first PUCCH resource and the {1, 3} dB TPC command to the second PUCCH resource.  


Nokia [8] assumes this option effectively reduces the TPC field by 1 bit, giving an extra bit to the ARI field.
Some companies pointed out [15][9] that Option 3 may reduce the power control resolution. For example, the UE may need to be powered up by setting TPC commend to 3 in order to meet the performance requirement. However, to maintain the same PUCCH resource mapping, the gNB has to set TPC commend to 0. This will lead to performance degradation of the PUCCH channel.
Option 3a: Implicit indication based on TPC only for secondary cell
DOCOMO proposes a modification of option 3 to avoid a 1 dB difference in a TPC command is that the implicit mapping mechanism based on TPC command is only applicable when there is a secondary cell. Since TPC command of secondary cell is not used for TPC, there is no concern to use TPC command of secondary cell for implicit mapping mechanism.

	· Alt. 1: If there is a secondary cell, TPC command of the secondary cell is used for implicit mapping mechanism; if there is no secondary cell, no implicit mapping mechanism is used (modified from option 3 of RAN1 AH#1801).
· For implicit mapping mechanism, TPC command of {-1, 1} is recognized as implicit value of “0” and {0, 3} is recognized as implicit value of “1”.


Option 4: CORESET/search space-ID-based mapping

Lenovo/Motorola proposes to configure two PUCCH resources within a subset for short and long PUCCH formats respectively. Then, a search space ID can be associated with one of the PUCCH resource within a subset and accordingly, a PUCCH format.
	· If larger than 4 PUCCH resources are configured in a PUCCH resource set, association between a search space ID (potentially a CORSET ID) and a PUCCH resource within the ARI indicated subset is supported.


Option 5: No implicit indication, ARI is increased to 3 bits (reverting RAN1#91 agreement)
Huawei thinks the 3-bit ARI explicit indication provides more flexibility in the selection of the PUCCH resource to avoid/minimize PUCCH collisions. The drawback of increasing the DCI overhead with one bit is small.
CATT observes that Option 1 and Option 5 have similar limitations in case of “Two DL assignments in single cell operation”. But Explicit resource allocation is preferred for both semi-static/dynamic HARQ-ACK codebooks at least for the case of HARQ multiplexing where the UE is scheduled to transmit HARQ-ACK feedback for multiple PDSCHs corresponding to different serving cells and time slots.
Nokia thinks it is hard to find an implicit mapping function that meets all the following requirements:

· Is robust against the missing the last DL assignment.
· Doesn’t impose a significant increase in the PDCCH scheduling complexity when multiple HARQ-ACKs with different feedback times, and/or on different carriers are multiplexed on the same PUCCH transmission.
· Allows the gNB through some parameters and a mapping function to dynamically select a PUCCH resource within a resource set.
· Reasonably supports different start symbol positions for mini-slot operation for latency reduction.
However, some companies think a pure explicit signalling scheme may have a similar problem when missing PDCCH [15]. Even if the gNB intentionally control the ARI bits to be select the same resource subset, as the number of ACK bit increases, the PUCCH format or the resource set may actually change. In that case, the resource will change also. So if the last one or more PDCCH were lost, there will be resource confusion between UE and gNB as well.
Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats
This option offers a trade-off between always pure explicit signalling and always combined explicit signalling and implicit mapping. It roughly avoids the PUCCH resource ambiguity due to DCI mis-detection (up to 2 PDCCHs can be mapped to 1 PUCCH for PF0/1).However, this may not be necessary since it is up to gNB implementation to decide whether implicit mapping is turned on or not.
And it should be noticed that different number of resources can be supported for PF0/1 and PF 2/3/4. If the ARI remains 2-bit, up to 8 resources can be configured in a resource set for PF0 or 1, whereas only 4 can be configured for PF 2, 3 or 4.
3. Resource allocation for HARQ-ACK before RRC connection setup
3.1. Agreements in previous meetings
Two agreements in RAN1#AH NR 1801 meeting set a basis for this issue. 

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 

3.2. Discussions in Tdocs for RAN1#92 
3.2.1 Resource determination within a RMSI-indicated PUCCH resource set
And in RAN1#91 meeting, it was agreed as belows:
Agreement:

· 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.
For resource determination within the RMSI-indicated PUCCH resource set, following options are presented in Tdocs:
· Option 1: Using ARI to indicate a PUCCH subset within a RMSI-indicated resource set. Then implicit mapping within a subset.
· Option 1a: based on CCE index. 
· CATT, OPPO, LGE, QC
· Option 1b: based on the LSBs of the RNTI. 
· Nokia
· Option 2: CCE-index-based implicit mapping. Then using ARI to avoid resource collision.
· CATT, NEC
· Option 3: 3-bit ARI.

· Intel, DOCOMO
· Option 4: Joint coding of ARI and redundant bit field in DCI 1_0, such as HARQ process number indication
· Samsung

· Option 5: CCE-index-based implicit mapping (for compact DCI without ARI field)

· Samsung

· Option 6: An equation based on predefined parameters (e.g. PRB offset, CCE index, Combination of cyclic shift index and OCC index, etc.)
· NEC
It is observed that the HARQ-ACK multiplexing issue which make implicit mapping suffer from expected collision due to DCI mis-detection is not present in initial access procedure.

In the discussion in RAN1#AH NR 1801 and the Tdocs for this meeting, it seems most companies think at least 8 or 16 UEs should be supported in a cell before RRC (re)connection. That means at least 64 or 128 PUCCH resource configurations are predefined in the spec to support HARQ-ACK transmission before RRC connection setup. If the ARI in DCI 1_0 remains 2-bit, another 1 or 2-bit indication can be provided by implicit mapping.
Draft proposals:
	For resource allocation for HARQ-ACK before RRC connection setup, 

· [2]-bit ARI jointly with implicit mapping for PUCCH resource allocation within a RMSI-indicated resource set:
· Up to [16] PUCCH resources can be specified in a resource set.
· If the number of resource ＞ [4], a sub-set within a resource set is indicated by ARI and implicit mapping is used within the sub-set.


3.2.2 Fixed parameters in a RMSI-indicated PUCCH resource set
· Option 1: PUCCH format (long or short PUCCH) is cell-specific and indicated by RMSI.
· CATT, OPPO, Nokia, LGE, Intel, DOCOMO, QC, 
· Option 1a: Duration and starting symbol are cell-specific and indicated by RMSI.
· CATT, OPPO, LGE, DOCOMO 

· Option 1b: Multiple durations and starting symbols can be specified in a PUCCH resource set.
· Nokia, Intel 

· Option 1c: Duration and starting symbol are cell-specific and indicated by RMSI. But use ARI to indicate the repetition level of the ACK transmission.
· QC

· Option 2: Multiple PUCCH formats, durations and starting symbols can be specified in a RMSI-indicated resource set.
· Huawei, vivo, Panasonic, NEC
With Option1, as pointed out by Intel, RMSI configures resource parameters which are mainly dependent on deployment scenarios. For example, macro cells with huge cell-size would require to configure long PUCCH formats comprising of a dozen of DFT-s-OFDM symbols, e.g., 14 symbols, and the 14-symbol long PUCCH configurations will be commonly applied to all the UEs accessing the cell. If the configured PUCCH is format 0 with 2 symbols, the UEs transmitting HARQ-ACK PUCCHs in a cell can be assigned different cyclic shifts.
It needs to be clarified by the proponenets of Option 2 what is the use case for dynamic switching between long and short PUCCHs for initial access procedure. Panasonic thinks [13] the possible use case of mixing of multiple formats or multiple durations for one RMSI index value is to allow dynamic change of PUCCH length based on RACH resource, possible CSI in Msg.3, or congestion situation.
Draft proposals:
	For resource allocation for HARQ-ACK before RRC connection setup, 

· PUCCH format is cell-specific and indicated by RMSI. 

· Starting symbol and duration are cell-specific and indicated by RMSI. 

· Candidate cyclic shifts are cell-specific and indicated by RMSI. 

· Cyclic shift is UE-specific.


3.2.3 Valid values for parameters
Additional PUCCH durations beyond 2 and 14 symbols 
2 and 14 symbols have been agreed. 1 or 2 other values could be considered for a better flexibility. A duration ≤4 (e.g. 1, 4) can be used in low-latency use cases whereas a duration ≥8 (e.g. 8, 10, 12) can be used in large-coverage scenarios. The values proposed by different companies are listed below.
· Huawei: {1, 2, 10, 14} 
· Vivo [3]: {1, 2, 12, 14}, and multi-slot PUCCH, dynamic duration switching
· CATT: {2, 10, 12, 14}
· Nokia : {1, 2, 8/10, 12/14}, 8 and 10 are for leaving 2 symbols at the end of the slot for SRS or short PUCCH
· OPPO: {2, 4, 14}
· Intel: {2, 4, 8, 10, 12, 14} for FR1, {7, 14} for FR2
· DOCOMO: {2, 4, 14}
· Panasonic: {2, 12, 14}, , and multi-slot PUCCH, dynamic duration switching
· Ericsson: {2, 4, 8, 14}
· LGE: {2, 4, 10, 14}
Starting symbol: 
· Option 1: Starting symbol = 14 - number of symbols

· OPPO, DOCOMO
· Option 2: 8 or 10-symbol PUCCH can start from Symbol#2. 12 or 14-symbol PUCCH can start from Symbol#0.
· Nokia

· Option 3: 2-symbol PUCCH can start from Symbol#10 or#12.
· Intel

Draft proposals:
	For resource allocation for HARQ-ACK before RRC connection setup, 

· Starting symbol = 14 - number of symbols. 


Cell-specific PRB offset from edge of intial UL BWP (x=?): 

· Option 1: x={0}:  No frequency-domain inter-cell coordination
· Huawei
· Option 2: x={0, 1}
· Intel, Ericsson
· Option 2: x={0, 2}
· CATT
· Option 3: x={0, 1, 2, 3}: Each cell havs 1 PRB offset
· Nokia, LGE, DOCOMO
· Option 4: x = {0, 1, 2, 3} for PF1, x = {0, 1, 2, …, 6, 7} for PF0

· LGE
· Option 5: x={{0,4},{1,5},{2,6},{3,7}}, each cell can have 2 PRB offsets
· OPPO
· Option 6: Cell specific PRB offset x= i×BWP/4, where i ={0,1, 2, 3}, and UE specific resource is given by an equation
· NEC, 
Draft proposals:
	For resource allocation for HARQ-ACK before RRC connection setup, 

· Different PUCCH resource set indicated by RMSI can have different PRB offsets (x) from initial UL BWP edge.
· FFS: [4] sets of values for x.


Frequency hopping or not
· Option1: Always hopping for UEs supporting frequency hopping

· CATT, Nokia, OPPO, Ericsson, NEC
· Option2: Some PUCCH resource sets indicated by RMSI correspond to the configurations without frequency hopping.
· No hopping for FR2: Intel
· No hopping for small cell: QC
With Opion 2, the different parts of the 16-row table are specfied with “always hopping” and “no hopping” respectively. However this reduces the number of resource sets for each frequency range. If the frequency range can be identified in the cell search procedure, the partitioning can be avoided, and a 16-row table can be shared by FR1 and FR2. 
Panasonic thinks that specifying different tables for FR1 and FR2 should be considered.
Initial cyclic shift value
For long PUCCH (PF1),

· Huawei: {0, 3, 6, 9}, {0, 2}
· LGE, DOCOMO, Panasonic, NEC: {0, 3, 6, 9}
For long PUCCH (PF0),

· Huawei: {0, 1, 2, 3}, {0, 3}
· LGE: {0, 3} or {0, 6}
· DOCOMO, Panasonic: {0, 4, 8}
CATT proposed minimum CS gap between different users can be indicated in RMSI, and initial cyclic shift can be derived by the resource index.

OCC index:

· Option 1: All PUCCH format 1 resources use the same OCC index (i.e. index 0)
· Huawei, Ericsson
· Option 2: Different PUCCH format 1 resources can use different OCC indices (UE-specific)
· CATT, LGE, DOCOMO, Panasonic, Intel, NEC
CATT thinks OCC index is linked to initial cyclic shift, which can be derived by the resource index.
Number of slots:

Vivo and Panasonic propose to also support the multi-slot PUCCH for HARQ-ACK before RRC connection setup
4. Other remaining issues 

Some other remaining issues are also discussed in the Tdocs:

4.1. PUCCH resource allocation for non-slot based scheduling
Huawei [1][19] thinks the number of PUCCH resource sets is restricted to 8 using RRC in conjunction with  ARI indication, this might not be enough to meet the 1ms latency requirement, as the choices of starting symbol of PUCCH is limited. URLLC UE can get the knowledge of exact position of DL and UL symbols by decoding SFI.
	For non-slot scheduling, NR considers predefined rules for HARQ-ACK timing. UE finds the earliest available PUCCH resource to feedback HARQ-ACK according to UE feedback capability and SFI. 


vivo shares the similar view [2]. They think the PUCCH transmission can occur in many possible start symbols if such pipeline scheduling and feedback is performed. Therefore, the current mechanism which is RRC with ARI indication might not be enough. 
	Re-interprate the 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.


4.2. UE procedure for multiplexing HARQ-ACK/SR and CSI
ZTE [3] thinks there could be possible that the minimum number of PRBs for different PUCCH format is the same. Using the same methodology as the minimum PRBs, PUCCH format 2 with shortest duration shall have a higher priority, followed by PUCCH format 4 with multiplexing capacity, and PUCCH format 3 has lowest priority.
	· When the UE does not determine a PUCCH format 2 or 3 or 4 to transmit HARQ-ACK/SR, and at least two PUCCH formats result in a same minimum number of PRBs, UE shall select a PUCCH format according to priority order: PUCCH format 2 > PUCCH format 4 > PUCCH format 3.


4.3. PUCCH resource set determination for CSI reports

CATT [5] presents their views on PUCCH resource set determination for CSI reports.
	Proposal 2: In case of CSI report collided with HARQ-ACK transmission, UE will select one resource based on ARI indication and joint UCI payload from pre-configured HARQ-ACK PUCCH resource set.
Proposal 3:  At most 2 multi-CSI PUCCH resources supporting different UCI payload ranges can be configured for a given UE.


4.4. PUCCH resource allocation for multiple slots
AT&T presents their views on support of long PUCCH over multiple slots.
	Proposal 1:  With multiple slot operation, the contents of CSI are repeated over the configured slots for improving the coverage

Proposal:  For NR multi slot PUCCH transmission, the network should be able to configure same/different frequency hopping patterns for each slot to improve frequency diversity


Vivo also provides some proposals for multi-slot PUCCH.
	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.


4.5. PUCCH resource set determination for semi-static HARQ-ACK codebook

OPPO observes [20] that in case of semi-static HARQ-ACK codebook, there may be an ambiguity in determining PUCCH resource set. Since the working assumption in last meeting is agreed to support HARQ-ACK fallback (fall back to small payload PUCCH) when only 1 or 2-bit HARQ-ACK needs to be transmitted. Hence a possible solution is to configure a PF0/1 PUCCH resource in a resource set for large payload to support such fallback. In this case, it needs to clarify that the PUCCH resource set is still determined based on the semi-static HARQ-ACK codebook.

	When a UE is configured for semi-static HARQ-ACK codebook determination, 

· A PUCCH resource set is only determined based on the semi-static HARQ-ACK codebook.


4.6. Value range of the payload size of the PUCCH resource set
Vivo thinks that [2] 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 less than 3-bits. For example, for CBG-based transmission with semi-static codebook size, the HARQ-ACK size may be always large than 2-bits.
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