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1 Introduction

This contribution considers residual aspects regarding resource allocation for PUCCH, including:

a) Implicit resource determination mechanism 
b) PUCCH resource configuration before RRC connection 
2 Discussion 
2.1 Implicit resource determination  
It is agreed to support the use of 2-bit ARI with additional implicit mapping for PUCCH resource determination when the configured PUCCH resource in a resource set is larger than 4 [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
The details of implicit mapping mechanism have not been finalized yet. It is observed that when implicit resource allocation  applies, it needs to differentiate between two PUCCH resources (maximum of PUCCH resources is 8, ARI can indicate 4).One possible approach discussed in RAN1#91 is to rely on the CCE index of the last DL scheduling assignment. However, for the case of HARQ-ACK multiplexing between PDSCHs in multiple slots/mini-slots or multiple carriers, the following drawbacks are observed:
· gNB blind detection attempts increases and PUCCH resource efficiency decreases.  

When HARQ-ACK of more than one PDSCHs is multiplexed, if the UE fails to detect a reference PDCCH (e.g. the last PDCCH in the DL association set) the UE can use the wrong resource with 50% probability (for 8 PUCCH resources). As implicit resource determination is supposed to address collision issues when 4 PUCCH resources are not enough but 8 PUCCH resources are somehow enough, the PUCCH transmission from the UE will collide with PUCCH transmissions from one or more other UEs and likely result to incorrect UCI detection for one or more UEs. 

As shown in Figure 1, if a UE fails to detect the last PDCCH in slot n+3, the UE may assume the received PDCCH in slot n+1 is the last one and determine the PUCCH resource according to the PDCCH in slot n+1. Then, the UE transmits PUCCH on 1st resource, while the gNB expects the PUCCH to be received on the 2nd resource. gNB has to perform PUCCH detection on both resources. Moreover, to avoid PUCCH collision between different UEs, two  PUCCH resources in a PUCCH resource set should be reserved for one UE. Consequently, the PUCCH resource efficiency decreases which contradicts with the motivation of implicit mapping. 
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Figure 1: PUCCH resource ambiguity 
· PDCCH blocking probability increases

If a CCE-based approach is used for implicit PUCCH resource determination then, to avoid the previously discussed PUCCH resource ambiguity, the gNB will 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. This is not deemed practically meaningful. 
The basic design principle for a potential implicit PUCCH resource allocation is to avoid any ambiguity in the PUCCH resource allocation between the gNB and the UE. For this, the TPC command can be used. As the possible values are {-1, 0, 1, 3}, the lower two values can be mapped to the first PUCCH resource and the larger two values can map to the second PUCCH resource in a sub-set of 2 PUCCH resources indicated by ARI. The gNB can pair UEs with the same ARI value when a first UE has a TPC command value of {-1, 0} and the other UE has a TPC command value of {1, 3}. The pairing is actually even more flexible at the gNB since a 1 dB difference in a TPC command is unlikely to have an impact on the PUCCH BLER (maximum tolerable error in transmission power is several dB) and the gNB can even pair UEs with ‘ideal’ TPC commands of 0 dB or of 1 dB but making the TPC command for one of them 1 dB or 0 dB, respectively. As the TPC command is same in all DCI formats indicating the same PUCCH resource, this eliminates any ambiguity possibility for the PUCCH resource between the gNB and the UE (will only occur if UE also has wrong ARI). Therefore, the inherent redundancy in transmitting the same TPC command can provide the robustness required for implicit PUCCH resource determination. 

Proposal 1: 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.  
2.2 PUCCH resource configuration before RRC connection 
For PUCCH resource indication before RRC connection, RAN1 agreed to introduce 4-bit RMSI to indicate an entry into a 16-row table configuring a set of cell-specific PUCCH resources/parameter [2]. 
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

The remaining issue is how to determine the PUCCH resource from the indicated row. Generally, there’re two approaches. One simple way is to define a set of 4 PUCCH resource per row and 2 bits PUCCH resource indicator in DCI indicates one PUCCH resource. The drawback is, 4 PUCCH resource may not be sufficient to support several UEs PUCCH transmission in the same UL slot, which may delay the initial access procedure. The other way is to define more PUCCH resources per row and indicate one PUCCH resource by 2 bits PUCCH resource indicator in DCI together with other implicit/explicit indication. For example, the implicit PUCCH resource determination discussed above is applicable. Alternatively, some bit field in DCI which is redundant before RRC connection can be used together with 2 bits PUCCH resource indicator for PUCCH resource indication, e.g., some of HARQ process number indication bits can be re-interpreted for PUCCH resource indication considering no use of 16 HARQ process before RRC connection.   
One additional question is that, there is a possibility to use compact DCI to scheduling the PDSCH before RRC, e.g., random access contention resolution message. In such case, the ARI field may be omitted in the compact DCI, thus, an implicit manner to select the PUCCH resource configured in RMSI is needed. One way is using CCE index of the detected PDCCH to select one from a set of PUCCH resource configuration indicated by RMSI.  For example, when RMSI configures a set of 8 PUCCH resource configurations (indexing 0~7), then based on the CCE index of the successfully decoded PDDCH carrying the compact DCI, UE could select the corresponding PUCCH resource configuration,  e.g., if CCE index is 3, then UE select the PUCCH resource configuration 3 as indicated in the RMSI.
Proposal 2: The following methods are adopted for PUCCH resource determination before RRC connection:

·  Support more than 4 PUCCH resources in a resource set which is indicated by joint coding of redundant bit field in DCI 1_0, such as HARQ process number indication, and PUCCH resource indicator when using normal DCI scheduling PDSCH. 

· Support using CCE index to select one from a set of PUCCH resource configurations indicated by RMSI when using compact DCI scheduling the PDSCH.

3 Conclusions

This contribution considered aspects for PUCCH resource allocation proposes the following. 
Proposal 1: 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. 
Proposal 2: The following methods are adopted for PUCCH resource determination before RRC connection:

·  Support more than 4 PUCCH resources in a resource set which is indicated by joint coding of redundant bit field in DCI 1_0, such as HARQ process number indication, and PUCCH resource indicator when using normal DCI scheduling PDSCH. 

· Support using CCE index to select one from a set of PUCCH resource configurations indicated by RMSI when using compact DCI scheduling the PDSCH.
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