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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In 3GPP RAN Plenary #78 meeting, the first release of specification for NR RAN1 has been adopted. But some remained issues have not been resolved clearly. This contribution will include the summary of the FFS issues on PUCCH resource allocation.
[bookmark: OLE_LINK83][bookmark: OLE_LINK84]Discussion
FFS issues on PUCCH RA
Implicit mapping of PUCCH resource 
In RAN1#91 meeting, the following agreements for PUCCH resource allocation were made in [1].
Agreements:
· 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
· 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)
In [2], it only describes that a mapping function will be used, but there is no agreement or specification to describe the parameters and the formula of the mapping function, which is used for implicit mapping for PUCCH resource allocation. In last meeting, some companies proposed to use the starting CCE index of the PDCCH conveying the ARI to indicate the PUCCH resource in the resource sub-set. However, in case of HARQ-ACK multiplexing or multiple PDCCH for a UE, the starting CCE index could be the starting CCE index of the last received PDCCH for the UE, the last received PDCCH for the UE may not be the real last PDCCH scheduled by gNB. If the UE loses the real last PDCCH scheduled by gNB, actually the UE will determine the PUCCH resource using the starting CCE index of the second last PDCCH scheduled by gNB. The UE may select a wrong PUCCH resource to transmit UCI, which may collide with other UEs. 
As the agreement, if 2 bits ARI jointly with implicit mapping has additional RRC impact, 3-bit ARI with up to 8 resources per resource set is supported. We note that the 3-bit ARI explicit indication method may not suffer from the collision issue and could be a simpler indication method for PUCCH resource allocation, which will work for NR and could be acceptable as well. The drawback is that it increases the DCI overhead with one bit. If an implicit resource allocation method should indeed be adopted, it should be able to handle reasonably well the issue of resource collisions, otherwise we see limited merits of specifying it. We have following observation in contribution [3].
[bookmark: OLE_LINK303][bookmark: OLE_LINK304][bookmark: OLE_LINK307][bookmark: OLE_LINK308]Observation: Implicit PUCCH resource allocation should only be specified if it can handle and avoid resource collisions, otherwise, NR should use explicit PUCCH resource allocation only. 

In [3], we also discuss an enhanced method on how to choose the PDCCH for the computing of starting CCE index. In order to avoid the possible missing of the last PDCCH, we propose that at least two PDCCHs can be used into the implicit method for PUCCH resource allocation, the reliability of PUCCH resource selection can be improved. For example, the UE can use the starting CCE index of the first scheduled PDCCH or the last received PDCCH to implicit indicate the PUCCH resource in the sub-set. The proposal is as follows, details could be seen in the contribution [3].
Proposal 1: If the starting CCE index of the PDCCH is used to convey the ARI to indicate the PUCCH resource implicitly,
· in case HARQ-ACK multiplexing or multiple PDCCH for a UE,
· if the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. 
· if the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.
In contribution [3], we also discuss PUCCH resource allocation for initial access. In our opinion, caused by the few bits in RMSI, only a few combination of PUCCH resource can be set. That means the number of symbols can be limited into a set of {1, 2, 10, 14}, and the PUCCH format and starting symbol of PUCCH is determined by the number of symbols. To make the proper limitation, we need to analyze the usage of remaining parameter and give some design principles.
· Number of symbols: Different number of symbols can supply different benefits. For 1-symbol can 2-symbol PUCCH, they can be transmitted in most of slot type and supply a lower access delay. For 10-symbol and 14-symbol PUCCH, they can be used for UE in the cell edge and guarantee the coverage. 
· PRB allocation: Since the initial BWP of different cells may be different, the same principle of PRB allocation in different neighbor cells can also limit the interference to some extent. The occupied PRB(s) can be limited to the fixed location, such as the edge of the initial BWP.
· Index of initial CS: the configurable interval of initial CS can balance the requirement of capacity and intra-interference in the different scenario, so maybe two value of interval can be considered in the table.
· Time domain OCC: There is no difference of performance for the different OCC codes, the parameter can be a fixed value is 10-symbol/14-symbol PUCCH is configured.
Details could be seen in the contribution [3]. Considering the previous principles, we have the following proposal:
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Proposal 2: Considering to balance the access latency and coverage, different combination of number of symbols in different PUCCH resource set should be supported. 

Number of PRBs for PUCCH format 2 and PUCCH format 3
PUCCH format 2 and PUCCH format 3 support using multiple PRBs and the UE procedure for selecting the number of PRBs is contained in [2]. Our understanding is that the following UE procedure is agreed:
The UE should select the minimum number of PRBs such that the code rate does not exceed the configured maximum code rate. 
However, the specification is not implementing this procedure accurately, two issues are remained for this procedure:
· The specification text in [2] is not complete because it assumes that the number of PRBs can always be chosen such that the configured maximum code rate is not exceeded. 
·  The specification text in [2] is unclear because it implies an ordering of a single value.


For HARQ-ACK bit dropping, the specification text (cf. Appendix A) is not complete because it does not cover the case when the following two conditions cannot be fulfilled:  and .If these cannot be fulfilled, one solution is to drop HARQ-ACK bits in order for the code rate not to exceed r. However, dropping HARQ-ACK bits would be detrimental (note: it does not occur in LTE for PUCCH format 4, which uses multiple PRBs) and should not be allowed in NR. We see the following alternative solutions to solve the case if the code rate exceeds the maximum code rate:
Alt. 1. It is an error case (i.e., a mis-configuration of the maximum code rate and the maximum number of PRBs) which should not happen and the UE is not expected to drop HARQ-ACK bits.
Option 1-1: No specification impact. Make a note in the RAN1 official meeting report: “The UE is not expected to drop HARQ-ACK bits”.
Option 1-2: Specification impact. Add the sentence to the TS38.213:  “The UE is not expected to drop HARQ-ACK bits”.
Alt. 2. HARQ-ACK bits are not dropped but the UE is allowed to use more PRBs than the maximum configured number of PRBs until the code rate does not exceed the maximum configured code rate.
Alt. 3.  HARQ-ACK bits are not dropped but the UE is allowed to transmit with a code rate which exceeds the maximum configured code rate.
Basically the same issue is also present in Sec. 9.2.5.2 (also including PUCCH format 4) when HARQ-ACK/SR is multiplexed with CSI and CSI is dropped until the code rate does not exceed the maximum configured code rate. The text in Sec. 9.2.5.2 does not describe the UE procedure if even dropping all CSI does not result in a sufficiently low code rate. Based on this, our proposal is to solve the issue based on Alt. 1. The proposal is as follows, details could be seen in the contribution [4].
Proposal 3: It is an error case if the maximum number of PRBs and/or the maximum code rate is configured such that the code rate for HARQ-ACK bit transmission would exceed the maximum configured code rate. Conclude the issue by either of the following two options:
Option 1-1: No specification impact. Make a note in the RAN1 official meeting report: “The UE is not expected to drop HARQ-ACK bits”.
Option 1-2: Specification impact. Add the sentence to TS38.213:  “The UE is not expected to drop HARQ-ACK bits”.
Besides, the specification text is unclear as it mixes two objectives; determining the number of PRBs and determining the starting index of the PRB. 
Firstly, as underlined below, the number of PRBs is a single value (e.g., 4) and cannot be ordered (there is no first PRB, second PRB, …). 

“…the UE determines a number of PRBs  for the PUCCH transmission to be the minimum number of PRBs, that is smaller than or equal to a number of PRBs provided respectively by higher layer parameter PUCCH-F2-number-of-PRBs or PUCCH-F3-number-of-PRBs and starts from the first PRB from the number of PRBs, that results to…”
Secondly, the PUCCH resource already includes the starting PRB (e.g., PUCCH-starting-PRB, PUCCH-2nd-hop-PRB), hence the underlined text above is thereto superfluous and should be removed. Based on this, our proposal is as follows, details could be seen in the contribution [4].
[bookmark: _GoBack]Proposal 4: Remove the following text in Sec. 9.2.3 and Sec. 9.2.5.1 TS 38.213:”… and starts from the first PRB from the number of PRBs…”.
Conclusion
Based on above discussions, the following observation and proposals are given: 
Observation: Implicit PUCCH resource allocation should only be specified if it can handle and avoid resource collisions, otherwise, NR should use explicit PUCCH resource allocation only. 
Proposal 1: If the starting CCE index of the PDCCH is used to convey the ARI to indicate the PUCCH resource implicitly,
· in case HARQ-ACK multiplexing or multiple PDCCH for a UE,
· if the UE receives the first scheduled PDCCH, the starting CCE index of the first scheduled PDCCH is used to implicit indicate the PUCCH resource in the sub-set. 
· if the UE doesn’t receive the first scheduled PDCCH, the starting CCE index of the last received PDCCH is used to implicit indicate the PUCCH resource in the sub-set.
Proposal 2: Considering to balance the access latency and coverage, different combination of number of symbols in different PUCCH resource set should be supported. 
Proposal 3: It is an error case if the maximum number of PRBs and/or the maximum code rate is configured such that the code rate for HARQ-ACK bit transmission would exceed the maximum configured code rate. Conclude the issue by either of the following two options:
Option 1-1: No specification impact. Make a note in the RAN1 official meeting report: “The UE is not expected to drop HARQ-ACK bits”.
Option 1-2: Specification impact. Add the sentence to TS38.213:  “The UE is not expected to drop HARQ-ACK bits”.
Proposal 4: Remove the following text in Sec. 9.2.3 and Sec. 9.2.5.1 of TS 38.213:”… and starts from the first PRB from the number of PRBs…”.
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