3GPP TSG RAN WG1 #104-e						  R1-2101682
e-Meeting, January 25th – February 5th, 2021

Source:	WILUS Inc.
Title:	Discussion on PUCCH enhancements for coverage enhancement
Agenda item:	8.8.2
Document for:	Discussion/Decision

Introduction
In the TSG-RAN#90-e meeting, the following objectives were made on PUCCH enhancements in WID [1].
	The objective of this work item is to specify enhancements for PUSCH, PUCCH and Msg3 PUSCH for both FR1 and FR2 as well as TDD and FDD. 
The detailed objectives of the work item are as follows:
· Specification of PUCCH enhancements [RAN1, RAN4]
· Specify signaling mechanism to support dynamic PUCCH repetition factor indication [RAN1]
· Specify mechanism to support DMRS bundling across PUCCH repetitions [RAN1, RAN4]


In this contribution, we provide our views on PUCCH enhancements for coverage enhancement.
[bookmark: _Hlk61859955][bookmark: OLE_LINK69]Discussion on PUCCH enhancements for coverage enhancement
[bookmark: _Hlk61806011]Indication of the number of repetitions.
For the dynamic indication of the number of repetitions, two options can be considered as follows:
Option 1. Indication with new DCI field
As a straightforward method, number of PUCCH repetition can be indicated dynamically with new DCI field that indicates explicit repetition number (1, 2, 4, or 8). Thus, it may have 2 bits size field in DCI of PDCCH that schedules corresponding PDSCH of PUCCH. In this option, DCI overhead increases. 
Option 2. Indication with PRI field
Another option is to configure number of PUCCH repetitions per PUCCH resource, and to indicate one of configured PUCCH resources including the number of PUCCH repetitions by PUCCH resource indication (PRI) field in a DCI format. Since the number of PUCCH repetitions is configured per PUCCH format in current specification, it needs to additionally introduce RRC signalings to configure the number of PUCCH repetitions in each PUCCH resource. Thus, in this option RRC signaling overhead increases. 
For the above options, Option 2 seems beneficial since it requires no additional DCI overhead. Specification impact is only limited to the RRC structure. 
· Proposal 1: The number of PUCCH repetitions can be configured per PUCCH resource and indicated dynamically with PRI field in a DCI format.
Frequency hopping for PUCCH repetition.
Another issue is about the frequency hopping for PUCCH repetition. In the current specification, not only PUCCH repetition number but also whether to enable inter-slot frequency hopping or not are configured per PUCCH format while whether to enable inter-slot frequency hopping or not is configured per PUCCH resource. Also, intra-slot frequency hopping cannot be performed by UE when inter-slot hopping is enabled.
Even if dynamic PUCCH repetition factor indication is supported in Rel-17, e.g., the number of the PUCCH repetitions can be configured per PUCCH resource and indicated dynamically with PRI field in a DCI format as we proposed above, there is a remaining issue about the RRC structure for frequency hopping.
For example, suppose that a UE is configured with the number of PUCCH repetition as N(>1) with PUCCH format 1 that inter-slot frequency hopping is configured as enabled. Depending on uplink channel quality, a UE can be dynamically indicated to change the number of PUCCH repetition as 1. Although PUCCH repetition number is changed to 1 (i.e., no repetition) and intra-slot frequency hopping is configured as enabled, intra-slot frequency hopping cannot be performed since inter-slot frequency hopping is configured as enabled for PUCCH format 1. It is because gNB cannot configure inter-slot frequency hopping and intra-slot frequency hopping at the same time in the current specification. 
· Observation 1: Intra-slot frequency hopping cannot be supported in case that repetition number is indicated to change from N(>1) to 1, and both intra-slot and inter-slot frequency hopping is configured as enabled.
To handle this problem, a UE can determine frequency hopping mode implicitly without any changes of RRC structure. In detail, a UE can determine which frequency hopping to apply based on indicated repetition number .
If a UE is indicated by repetition number as 1 (i.e., no repetition), the same behavior of Rel-15/16 can be defined. Thus, if a UE is configured with intra-slot frequency hopping as enabled, it determines intra-slot frequency hopping. If a UE is not configured with intra-slot frequency hopping as enabled, it determines no frequency hopping.
If a UE is indicated with repetition number as N(>1), a new behavior regarding both inter-slot and intra-slot frequency hopping can be defined. It can be divided into two steps:
For the first step, a UE checks whether inter-slot frequency hopping is configured as enabled or not. If a UE is configured with inter-slot frequency hopping as enabled, it determines inter-slot frequency hopping. If a UE is not configured with inter-slot frequency hopping as enabled, it follows the second step.
For the second step, which is applied to a UE whose inter-slot frequency hopping is not configured as enabled, while the UE is configured with intra-slot frequency hopping as enabled, it determines intra-slot frequency hopping. If a UE is not configured with intra-slot frequency hopping as enabled, it determines no frequency hopping. 
Therefore, all frequency hopping modes (intra-slot/inter-slot/no hopping) are available by determining one of configured hopping modes based on the repetition number when a UE is dynamically indicated to change repetition number from N(>1) to 1.
· Proposal 2: A UE can implicitly determine the frequency hopping based on indicated repetition number.
· If repetition number is 1, the same behavior as Rel-15/16.
· If repetition number is N(>1), implicitly determine based on configuration of inter-slot frequency hopping at first, and intra-slot frequency hopping at second.
DMRS bundling across PUCCH repetitions
For DMRS bundling across PUCCH repetitions, the same frequency hop determination rule to enable joint channel estimation of inter-slot frequency hopping with inter-slot bundling can be applied that we proposed in the contribution about the joint channel estimation for PUSCH [2].
Conclusion
In this contribution, we provided our views on PUCCH enhancements for coverage enhancement and the followings were proposed:
· Observation 1: Intra-slot frequency hopping cannot be supported in case that repetition number is indicated to change from N(>1) to 1, and both intra-slot and inter-slot frequency hopping is configured as enabled.
· Proposal 1: The number of PUCCH repetitions can be configured per PUCCH resource and indicated dynamically with PRI field in a DCI format.
· Proposal 2: A UE can implicitly determine the frequency hopping based on indicated repetition number.
· If repetition number is 1, the same behavior as Rel-15/16.
· If repetition number is N(>1), implicitly determine based on configuration of inter-slot frequency hopping at first, and intra-slot frequency hopping at second.
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