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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1 #91 [1], following agreements had been made on PUCCH resource determination.
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 resource per resource set is supported.
In RAN1 Jan. AH meeting [2], following agreements had been made on PUCCH resource determination before RRC connection setup.
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 resource/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 12 within the slot.
· HARQ-ACK is only one bit without bundling before RRC connection.
This contribution discusses remaining details on PUCCH resource allocation. Section 2 discusses the remaining details on PUCCH resource determination after RRC connection setup and Section 3 discusses PUCCH resource determination before RRC connection setup.
We also have another contribution on PUCCH resource allocation related to BWP switching in [3].
PUCCH resource determination after RRC connection setup
Based on the agreement in RAN1#91, 2-bit ARI jointly with implicit mapping is used for PUCCH resource allocation. 4 to 8 PUCCH resources can be configured in a resource set. In the previous meeting, several options including no implicit indication were identified as candidate mechanism [4].
· Option 1: Implicit indication is based on CCE index
· Option 2: Implicit indication is based on RBG index
· Option 3: Implicit indication is based on TPC
· Option 5: No implicit indication, ARI is increased to 3 bits (revering RAN1#91 agreement)
· Option 8: Option 1 or 2 for PUCCH format 0/1, no implicit indication for other PUCCH formats
On Option 1 and Option 2, the issues related to the case of TDD, i.e., the case when HARQ-ACKs corresponding to multiple PDSCH are multiplexed to one PUCCH. When the last PDCCH is mis-detected, the UE would derive the PUCCH resource from the last second PDCCH or PDSCH by mistake. If the gNB anticipates the possibility of PDCCH mis-detection on UE side, the gNB can perform decoding on multiple hypothesized PDCCH resources to guarantee the successful PUCCH reception. The PDCCH mis-detection may lead to 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 reallocated to other UEs, an unexpected collision would happen. In order to solve above issues, one possible solution would be to use the same CCE (or RBG) index (odd or even) for all PDCCHs (or PDSCHs). But this restricts PDCCH (or PDSCH) resource usage. Another solution is to increase the reliability of the last PDCCH, but it reduces the spectral efficiency.
On Option 3, it was proposed in [5] that assuming the possible values of TPC command 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 resources in a subset of 2 PUCCH resources indicated by ARI. In order to indicate the same PUCCH resource, multiple PDCCHs indicate the same TPC command. In case to use TPC command value 0, there is no problem, while in case of to use -1, 1, or 3 and multiple PDCCHs are sent, the impact by TPC would be larger due to the accumulation of TPC value. As TPC for PUCCH is only required for PCell, for CA case, to use TPC field in SCell PDCCH could be possible to indicate PUCCH resource in a subset. Therefore, one of possibilities would be non-CA case does not support implicit indication and 2-bit ARI is used for PUCCH resource allocation (i.e., 4 PUCCH resource in a resource set). While CA case support additional indication by using TPC field in SCell PDCCH. 2-bit ARI jointly with the indication by TPC filed in SCell PDCCH is used for PUCCH resource allocation (i.e., 8 or 16 PUCCH resource in a resource set).
Option 8 could be a compromise if multiple PDSCHs to one PUCCH situation does not happen for PUCCH format 0/1. However, whether multiple PDSCHs to one PUCCH situation does not happen for PUCCH format 0/1 is unclear and DCI payload size would be constant regardless of format 0/1 or other PUCCH formats. Then, the merit of Option 8 is doubtful.
Considering above, our proposal is as follows.
Proposal 1: For PUCCH resource allocation after RRC connection setup, apply either of following two options. Our first preference is Option 5.
· Option 5: Implicit indication is not supported. ARI is increased to 3 bits.
· Option 3’: For non-CA case, implicit indication is not supported. 2-bit ARI is used (i.e., 4 PUCCH resource in a resource set). For CA case, additional indication by using TPC field in SCell PDCCH is supported. 2-bit ARI jointly with additional indication (1 or 2 bits) is used (i.e., 8 or 16 PUCCH resource in a resource set).

PUCCH resource determination before RRC connection setup
The resource allocation is derived based on a 4-bit parameter in RMSI. 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. In addition, PUCCH resource determination is similar approach to the case after RRC connection setup was agreed. The remaining issue is the detailed mapping from 4-bit parameter in RMSI to PUCCH resource set. Since only 4 bits can be used for the indication of PUCCH resource set, indicatable PUCCH resource set is limited. Therefore, some parameters of PUCCH resource for HARQ-ACK before RRC connection setup should be predetermined. Possible options would be as follows.
· Number of symbols in the slot (PUCCH duration)
· PUCCH duration in the configured PUCCH resource set by RMSI can be restricted to only one or a few candidates. To support the PUCCH duration of at least 2 and 14 was agreed in the last meeting. Whether additional PUCCH duration is supported or not is FFS. One of reasons to support additional durations would be to avoid the collision with SRS. If there is SRS in the last symbol(s) in the slot, 1-symbol short-PUCCH or less than 14 symbol long PUCCH could be used. However, to avoid the collision between SRS and PUCCH might be possible by network operation. Another reason to support additional durations would be to improve the resource utilization efficiency when PUCCH format 0 and PUCCH format 1 are simultaneously configured by one RMSI index. The reason to mix of PUCCH format 0 and PUCCH format 1 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. In this case, if PUCCH format 0 with 2 symbols and PUCCH format 1 with 14 symbols are mixed, different PRBs should be reserved for PUCCH format 0 and PUCCH format 1. On the other hand, if PUCCH format 1 with 12 symbols are mixed, both PUCCH format 0 with 2 symbols and PUCCH format 1 with 12 symbols are located at the same PRBs. This allows to utilize UL initial BWP resource more efficiently.
· Multi-slot PUCCH
· It is necessary to support the coverage corresponding to 14 symbols for 15 kHz subcarrier spacing. In order to support such coverage, for larger subcarrier spacing, multi-slot transmission should be able to be configured for PUCCH format 1. In addition, for FR2, even for PUCCH format 1, intra-frequency hopping might not be mandatory capability. If intra frequency hopping is not always enabled, FR2 case with larger subcarrier spacing should utilize multi-slot transmission without frequency hopping or inter-slot frequency hopping.
· Starting symbol in the slot
· Starting symbol in the slot in the configured PUCCH resource set by RMSI can be restricted or linked to the PUCCH duration. For example, starting symbols is restricted to the last symbols in a slot for PUCCH format 0 (it has been already agreed). For PUCCH format 1, if duration is restricted to 14 symbols or PUCCH length is implicitly derived from slot format, there is no need to include starting symbol index to PUCCH resource set.
· PRB position
· PRB location in configured PUCCH resource set by RMSI can be restricted to a few candidates or predetermined based on a mapping function to other parameters. Following could be considered.
· Edge PRB(s) of initial UL BWP (already agreed) is(are) used for PUCCH. The example of PRB location and the linkage of value of x are shown in Fig.1.
· The maximum number of PRB around the edge can be fixed for example X = 2, 3, or 4. Since the multiplexing capacity within a PRB is different between PUCCH format 0 and 1, number of maximum PRBs might be different between PUCCH format 0 and 1.
· Physical PRB position can be derived by indicated value of x and PCID. For example, physical PRB position can be derived as x + PCID mod (X).
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(a) PUCCH format 1                                                       (b) PUCCH format 0
Fig.1 Example of PRB position
· Cyclic shift
· Restricted set(s) of cyclic shift could be configured. For example, 0: NACK/6: ACK, 4: NACK/10: ACK, 8: NACK/2: ACK} for PUCCH format 0. Other sets such as {0: NACK/6: ACK, 3: NACK/9: ACK} could also be considered for the case of larger delay spread condition.  In case of PUCCH format 1, {0, 3, 6, 9} could be one possibility of configurable set. Other sets such as {0, 2, 4, 6, 8, 10} for improve multiplexing capacity or {0, 6} for enhance the robustness against the delay spread could also be considered.
· OCC (PUCCH format 1 only)
· OCC index could be configured or fixed/linked to cyclic shift value is FFS. If multiplexing capacity is not important before RRC connection setup, OCC index could be fixed to one value or linked to cyclic shift value. If multiplexing capacity is important, set of OCC such as {0, 1, 2, 3} should be configured by RMSI.
· Other design consideration
· Whether specification support only one table for all cases or different tables for several cases should be considered. One of example would be FR1 and FR2 have different table.
Considering above, our proposal is as follows.
Proposal 2: The PUCCH resource configuration table uses the following columns for the parameter with related parameter values.
· PUCCH resource set configuration number
· Values: 0 – 15 (already agreed)
· PUCCH duration (number of symbols in a slot)
· Values: {2 (already agreed), 14 (already agreed)}
· FFS: Other PUCCH duration
· 12 (considering mix with PUCCH format 0 and PUCCH format 1 within a slot)
· Number of slots
· Values: {1, 2, 4, 8}
· Starting symbol within a slot
· Values: 12 for 2 symbols (already agreed)
· Values: 0 for 14 symbols (obvious)
· FFS: Other values
· 0 or 2 for 12 symbols
· PRB position (x)
· Values: {0 – X}
· The value of X may be different between PUCCH format 0 and PUCCH format 1.
· Physical PRB position is derived by indicated value of x and PCID.
· Initial cyclic shift index
· Values: {0, 4, 8} for PUCCH format 0
· Values: {0, 3, 6, 9} for PUCCH format 1
· FFS: Other sets
· {0, 3} for PUCCH format 0
· {0, 2, 4, 8, 10}, {0, 6} for PUCCH format 1
· OCC index
· Values: {0, 1, 2, 3}
· FFS: Whether OCC flexibility is necessary or not.
Proposal 3: Whether specification support only one table or different tables for several cases should be considered. At least for FR1 and FR2, to specify different table should be considered.

Conclusion
In this contribution, we discussed remaining details on PUCCH resource allocation. We have following proposals:
Proposal 1: For PUCCH resource allocation after RRC connection setup, apply either of following two options. Our first preference is Option 5.
· Option 5: Implicit indication is not supported. ARI is increased to 3 bits.
· Option 3’: For non-CA case, implicit indication is not supported. 2-bit ARI is used (i.e., 4 PUCCH resource in a resource set). For CA case, additional indication by using TPC field in SCell PDCCH is supported. 2-bit ARI jointly with additional indication (1 or 2 bits) is used (i.e., 8 or 16 PUCCH resource in a resource set).
Proposal 2: The PUCCH resource configuration table uses the following columns for the parameter with related parameter values.
· PUCCH resource set configuration number
· Values: 0 – 15 (already agreed)
· PUCCH duration (number of symbols in a slot)
· Values: {2 (already agreed), 14 (already agreed)}
· FFS: Other PUCCH duration
· 12 (considering mix with PUCCH format 0 and PUCCH format 1 within a slot)
· Number of slots
· Values: {1, 2, 4, 8}
· Starting symbol within a slot
· Values: 12 for 2 symbols (already agreed)
· Values: 0 for 14 symbols (obvious)
· FFS: Other values
· 0 or 2 for 12 symbols
· PRB position (x)
· Values: {0 – X}
· The value of X may be different between PUCCH format 0 and PUCCH format 1.
· Physical PRB position is derived by indicated value of x and PCID.
· Initial cyclic shift index
· Values: {0, 4, 8} for PUCCH format 0
· Values: {0, 3, 6, 9} for PUCCH format 1
· FFS: Other sets
· {0, 3} for PUCCH format 0
· {0, 2, 4, 8, 10}, {0, 6} for PUCCH format 1
· OCC index
· Values: {0, 1, 2, 3}
· FFS: Whether OCC flexibility is necessary or not.
Proposal 3: Whether specification support only one table or different tables for several cases should be considered. At least for FR1 and FR2, to specify different table should be considered.
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