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1 Introduction
In RAN#86 plenary meeting, new SID on NR coverage enhancement was approved [1], and the objective for NR coverage enhancement is listed as follows:
The objective of this study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2. The detailed objectives are as follows.
· The target scenarios and services include
· Urban (outdoor gNB serving indoor UEs) scenario, and rural scenario (including extreme long distance rural scenario) for FR1
· Indoor scenario (indoor gNB serving indoor UEs), and urban/suburban scenario (including outdoor gNB serving outdoor UEs and outdoor gNB serving indoor UEs) for FR2.
· TDD and FDD for FR1.
· VoIP and eMBB service for FR1.
· eMBB service as first priority and VoIP as second priority for FR2.
· LPWA services and scenarios are not included.
· Identify baseline coverage performance for both DL and UL for the above scenarios and services based on link-level simulation
· UL channels (including PUSCH and PUCCH) are prioritized for FR1.
· Both DL and UL channels for FR2.
· Identify the performance target for coverage enhancement, and study the potential solutions for coverage enhancements for the above scenarios and services
· The target channels include at least PUSCH/PUCCH 
· Study enhanced solutions, e.g., time domain/frequency domain/DM-RS enhancement (including DM-RS-less transmissions)
· Study the additional enhanced solutions for FR2 if any
· Evaluate the performance of the potential solutions based on link level simulation.

In this contribution, we provide our views on potential techniques for PUCCH coverage enhancement in Rel-17.
2 [bookmark: OLE_LINK69]Discussion on PUCCH coverage enhancement
In Rel-15/16, PUCCH can be repeated up to 8 slots semi-statically by RRC configuration. Only long PUCCH format (i.e., PF 1/3/4) can be configured with inter- or intra-slot repetition for coverage enhancement. When inter-slot PUCCH repetition is configured, all repeated PUCCHs have the same starting symbol and length in each slot like PUSCH repetition type A. Contrast to PUSCH repetition, PUCCH repetition can be delayed to the next available UL symbols when the resource of PUCCH repetition collides with DL symbols. In some TDD operations, however, the coverage gain with repetition may not be obtained sufficiently since there are few UL symbols in some TDD scenarios and slot format can be different in each slot.
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Figure 1. PUCCH repetition in Rel-15/16
For example, as shown in figure 1, two cases with different slot formats are considered in TDD scenario. In figure 1(a), there are two slots (slot #n and #n+1) with 4 UL symbols in slot #n and 14 UL symbols in slot #n+1. The repetition pattern in Rel-15/16 is to configure the last 4 symbols in each slot since PUCCH repetition is only allowed in the same symbols for all repetitions. Thus, 10 contiguous UL symbols (symbol 0~9) in slot #n+1 cannot be used for PUCCH repetition. For more challenging case, as shown in figure 1(b), although 6 UL symbols are available in slot #n+1, those symbols cannot be used for PUCCH repetition since only 2 symbols (symbol 4, 5) are allowed considering slot #n, and long PUCCH should be configured with  more than or equal to 4 symbols. Therefore, all 12 UL symbols in two slots (6 symbols in slot #n and 6 symbols in slot #n+1) cannot be utilized for PUCCH transmission.
· Observation 1: PUCCH coverage gain cannot be fully obtained with current PUCCH repetition mechanism.
As described above, PUCCH repetition should be enhanced for PUCCH coverage enhancement. As a simple approach for PUCCH coverage enhancement, PUSCH repetition type B-like repetition type can be considered. Specifically, PUCCH repetition configured across slot boundary can utilize available UL symbols continuously as much as possible in time domain.
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Figure 2. Enhanced PUCCH repetition type for Coverage Enhancement
As shown in figure 2, there are 16 contiguous UL symbols in consecutive 2 slots across slot boundary. For example, one configuration with S=10, L=16 and two repetition (repetition#1 in slot #n and repetition#2 in slot #n+1) can be used for improved PUCCH coverage by dividing the UL symbols at the slot boundary in order to occupy the contiguous PUCCH symbols as many as possible. For this method, basic rules need to be defined such as 1) no repetitions of a mixed of short/long PUCCH formats, i.e., long PUCCH repetition only, 2) total number of PUCCH symbols (i.e., length) can be more than 14, and 3) separation of repetition by slot boundary, etc. Further, frequency hopping pattern also need to be studied since the current hopping pattern may not be suitable for a new PUCCH repetition mechanism.
· Proposal 1: Enhanced PUCCH repetition that utilizes available uplink symbols continuously as many as possible in time domain should be further studied for PUCCH coverage enhancement.
· Long PUCCH repetition across the slot boundary can be considered.
· FFS: Frequency hopping pattern for enhanced PUCCH repetition.

3 Conclusion
In this contribution, we provided our views on potential techniques for PUCCH coverage enhancement in Rel-17 as follows: 
· Observation 1: PUCCH coverage gain cannot be fully obtained with current PUCCH repetition mechanism.
· Proposal 1: Enhanced PUCCH repetition that utilizes available uplink symbols continuously as many as possible in time domain should be further studied for PUCCH coverage enhancement.
· Long PUCCH repetition across the slot boundary can be considered.
· FFS: Frequency hopping pattern for enhanced PUCCH repetition.
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