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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 #91 [1], following agreements had been made on PUCCH resource determination before RRC connection setup.
Agreements:
· For resource allocation for HARQ-ACK before RRC connection setup:
· Only PUCCH Format 0 and 1 are supported.
· The resource allocation is derived base on 4-bit parameter in RMSI.
· FFS other details (no additional RRC impact)
Agreements:
· 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.

This contribution discusses remaining details on PUCCH resource allocation. Section 2 discusses the remaining details on implicit PUCCH resource determination and Section 3 discusses PUCCH resource determination before RRC connection setup.
Implicit resource determination

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. When X PUCCH resources are configured in a resource set (i.e., PUCCH-resource-set-size is X) as shown in Fig.1, each entry of 2-bit ARI corresponds to each subset of PUCCH resources. The number Y of PUCCH resources in the subsets is obtained by Table 1. Implicit mapping is used for determination of PUCCH resource index within the subset m =  (m = 0 or 1), where n is the PUCCH resource index (n = 0~X-1). For implicit mapping, CCE index or UE-ID such as C-RNTI can be utilized. Then, the PUCCH resource index within the subset m can be derived as (m = CCE index mod Y) or (UE-ID mod Y), where Y is the number of PUCCH resources in the subset as obtained from Table 1. When CCE index is used for implicit mapping, dynamic allocation of PUCCH resource within a subset can be possible. While UE-ID based implicit mapping is semi-static PUCCH resource allocation within a subset. gNB needs to well control which two UEs are in the same subset to avoid collision. Considering scheduling complexity, UE-ID based implicit mapping (a UE with even ID and another UE with odd ID) would allow simple scheduling as PUCCH resource efficiency is mainly required when larger number of UEs are supported in a cell.
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(a) PUCCH-resource-set-size X=4
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(b) PUCCH-resource-set-size X=6
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(c) PUCCH-resource-set-size X=8
Fig.1 Relationship among PUCCH resource subsets, PUCCH resource, and ARI
Table 1 Number Y of PUCCH resources in the subset 
	
	PUCCH-resource-set-size

	Sub-set index
	X=4
	X=5
	X=6
	X=7
	X=8

	0
	Y=1
	Y=2
	Y=2
	Y=2
	Y=2

	1
	Y=1
	Y=1
	Y=2
	Y=2
	Y=2

	2
	Y=1
	Y=1
	Y=1
	Y=2
	Y=2

	3
	Y=1
	Y=1
	Y=1
	Y=1
	Y=2



Proposal 1: Implicit PUCCH resource determination is realized as follows.
· 2-bit ARI in DCI indicates subset.
· PUCCH resource index within the subset (m = 0 or 1) is determined by CCE index or UE-ID as (m = CCE index mod Y) or (UE-ID mod Y) where Y is the number of PUCCH resources in the subset.

PUCCH resource determination before RRC connection setup
Based on the agreement in RAN1#91, for resource allocation for HARQ-ACK before RRC connection setup (for example HARQ-ACK transmission for Msg.4), only PUCCH Format 0 (short-PUCCH with UCI of up to 2 bits) and PUCCH Format 1 (long-PUCCH with UCI of up to 2 bits) are supported. The resource allocation is derived based on a 4-bit parameter in RMSI. 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. One possible solution is to prepare predefined mapping table between 4-bit parameter in RMSI and 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.
· PUCCH format
· PUCCH format in configured PUCCH resource set by RMSI can be restricted based on operation condition during initial access. Following example could be considered. If following example is used, there is no need to include PUCCH format indication in predefined mapping table and 4-bit parameter in RMSI can be differentiated by the linkage to PUCCH format.
· Example 1: PUCCH format can be determined depending on PRACH preamble format. If short PRACH preamble format is used, short PUCCH is used. If long PRACH preamble format is used, long PUCCH is used.
· Example 2: PUCCH format can be determined depending on Msg.2, Msg.3 or Msg.4 operation (slot-based or non-slot based). If Msg.2, Msg.3 or Msg.4 is non-slot scheduling, short-PUCCH is used. If Msg.2, Msg.3 or Msg.4 is slot scheduling, long-PUCCH is used.
· 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. For example, only 2-symbol PUCCH is configured for short-PUCCH and only 14-symbol PUCCH is configured for long-PUCCH. For long-PUCCH, PUCCH length can also be implicitly derived from slot format (i.e., available number of uplink symbols).
· Starting symbol in the slot
· Starting symbol in the slot in the configured PUCCH resource set by RMSI can be restricted to one or a few candidates. For example, starting symbols is restricted to the last symbols in a slot for short-PUCCH. For long-PUCCH, 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.
· Frequency hopping enabled / disabled
· Frequency hopping enabled / disabled in configured PUCCH resource set by RMSI can be restricted to always enabled.
· Index for identifying starting PRB
· 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 example could be considered.
· Example 1: Edge PRB(s) of initial UL BWP
· Example 2: PRB location is based on cell ID. This allows to avoid PUCCH resource collision among cells.
· Example 3: PRB location is same or relative relationship with Msg.1 or Msg.3 resource. If Msg.1 resource is utilized, as Msg.1 collision itself is avoided between cells, the linkage to Msg.1 automatically reduce the PUCCH resource collision among cells. While The linkage to Msg.3 could allow more flexible resource allocation.
· Frequency resource of 2nd hop
· Frequency resource of 2nd hop in configured PUCCH resource set by RMSI can also be restricted to a few candidates, for example, edge PRB(s) of initial UL BWP. If mirror hopping is applied within initial UL BWP, frequency resource of 2nd hop can be automatically derived from index for identifying starting PRB (frequency resource of 1st hop).

Proposal 2: For PUCCH resource determination before RRC connection setup, following mechanism is supported.
· RMSI configures PUCCH resource set. Some parameters are not included in configured PUCCH resource set by RMSI. In addition, indicatable value or value range can be linked to or restricted based on the resource or operation condition during initial access.
· DCI in Msg. 4 indicates index of PUCCH resource out of configured PUCCH resource set by RMSI.
· If implicit mechanism is supported for resource allocation for HARQ-ACK after RRC connection setup, similar mechanism is also used for PUCCH resource determination before RRC connection setup.
[bookmark: _GoBack]
Conclusion
In this contribution, we discussed remaining details on PUCCH resource allocation. We have following proposals:
Proposal 1: Implicit PUCCH resource determination is realized as follows.
· 2-bit ARI in DCI indicates subset.
· PUCCH resource index within the subset (m = 0 or 1) is determined by CCE index or UE-ID as (m = CCE index mod Y) or (UE-ID mod Y) where Y is the number of PUCCH resources in the subset.
Proposal 2: For PUCCH resource determination before RRC connection setup, following mechanism is supported.
· RMSI configures PUCCH resource set. Some parameters are not included in configured PUCCH resource set by RMSI. In addition, indicatable value or value range can be linked to or restricted based on the resource or operation condition during initial access.
· DCI in Msg. 4 indicates index of PUCCH resource out of configured PUCCH resource set by RMSI.
· If implicit mechanism is supported for resource allocation for HARQ-ACK after RRC connection setup, similar mechanism is also used for PUCCH resource determination before RRC connection setup.
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