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Introduction
A study item on NR coverage enhancement was approved [1]. One of objectives of this study item is to identify the performance target for coverage enhancement, and to study the potential solutions for coverage enhancements for the following scenarios and services.
· 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 services for FR1
· eMBB service as first priority and VoIP as second priority for FR2
· LPWA services and scenarios are not included.
· The target channels include at least PUSCH/PUCCH
· Study enhanced solutions, e.g., time domain/frequency domain/DMRS enhancement (including DMRS-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 document, we provide our view on PUCCH coverage enhancement.
Discussion
In our preliminary baseline coverage performance analysis [2], at least in FR1, PUCCH might not be the bottleneck for NR coverage. However, if PUCCH become a target channel for enhancement in this study, one of key techniques to improve the coverage is repetition. For the channel which requires coverage enhancement, 1) how to utilize/enhance the already specified repetition techniques in poor channel conditions and 2) to improve the efficiency could be the discussion topics. 1) can be more essential part although 2) should not be missed. As Rel.15 and Rel.16 can be starting point of the discussion, we propose following.
Proposal 1: To utilize/enhance the already specified repetition techniques in poor channel conditions should be studied.

In poor channel conditions, the improvement of channel estimation performance is essential. Current specification only allows the channel estimation within a slot. Therefore, in addition to utilize/enhance the repetition techniques, cross-slot or cross-repetition channel estimation should be studied. To support cross-slot or cross-repetition channel estimation, phase continuity issues needs to be addressed. In Rel.13 MTC/NB-IoT, just not to transmit anything in SRS symbol can be kept phase continuity as PA is kept but only baseband is off are assumed in SRS symbol. In NR, it is necessary to ask RAN4 in what condition phase continuity can be kept. The example of the condition would be slot boundary, segmentation due to DL symbols or higher priority UL symbols,
In Rel.15 and Rel.16, same DMRS configuration should be used among slots or among repetitions. However, same DMRS pattern in very slot/repetition may not be necessary, especially for stationary scenario. Therefore, if cross-slot/cross-repetition channel estimation is supported, adaptive DMRS transmission, in which DMRS configuration can be different among slots or among repetition could also be studied.
Proposal 2: Cross-slot/cross-repetition channel estimation should be studied.
Proposal 3: RAN1 asks to RAN4 in what condition phase continuity can be kept.
Observation 1: Adaptive DMRS transmission is beneficial especially for stationary scenario.

Frequency hopping enhancement were proposed as a more flexible frequency pattern for mitigating the inter-cell interference, a configurable time domain hopping interval for better channel estimation performance, and a configurable number of hopping locations in the frequency domain for better diversity. In our view, at least configurable time domain hopping interval should be studied if cross-slot or cross-repetition channel estimation is supported. The other enhancements may not improve coverage performance.
Proposal 4: Frequency hopping enhancement such as configurable time domain hopping interval should be studied in the combination with cross-slot/cross-repetition channel estimation.

In addition to the enhancement of already specified repetition techniques, a new repetition framework could also be studied. One of new repetition framework for PUCCH is PUSCH repetition Type B like mechanism which might have the potential to efficient usage of available UL resource. In PUSCH repetition Type B, if a nominal repetition goes across the slot boundary or DL/UL switching point, this nominal repetition is splitted into multiple actual repetition. If this mechanism is introduced to PUCCH repetition enhancement, due to the segmentation, the actual length of PUCCH repetition might be different than what was nominally indicated. Since NR defines PUCCH formats depending on the duration of PUCCH, potential impact would be PUCCH format may be different among the actual repetitions. Although PUCCH repetition is only for long PUCCH formats (PUCCH formats 1, 3 or 4) in Rel.15, in order to ensure the same PUCCH format among the actual repetition, short PUCCH (PUCCH formats 0 or 2) repetition can also be considered.
Proposal 5: PUSCH repetition Type B like mechanism and/or short PUCCH repetition could be studied.

Another new repetition framework for PUCCH is symbol-level repetition framework, which is also proposed in our contribution on PUSCH coverage enhancement [3]. In Rel.13 MTC, symbol-level combining among different subframe/slots i.e., combining symbols before the channel estimation as coherent combining among different subframe/slots, is one of the fundamental designs of CE Mode B as stationary UEs can assume the same channel over multiple subframe/slots. On the other hand, in NR coverage enhancement SI, as the target is not limited to stationary UEs, cross-slot channel estimation and/or symbol-level combining may not work well. For slot-level repetition in Rel.15, symbol level combining is not possible due to the large time difference between symbol-level combined symbols that could face the issue of frequency error and channel variation due to UE mobility. The difference of IQ symbol among repetitions does not allow coherent combining as symbol level. Therefore, in addition to study the already specified repetition techniques, from symbol-level combining perspective, symbol-level repetition should also be studied. 
The example of symbol-level repetition is illustrated in Fig.1. In symbol-level repetition, the same OFDM symbol is repeated in N consecutive symbols, where is the number of repetitions. In this contribution, for the purpose of presentation, “virtual symbol” is used for the time unit which includes N repeated symbols and “virtual slot” is used for the time unit which includes 14 consecutive virtual symbols. From the perspective of length of virtual symbol and virtual slot, symbol-level repetition can be considered as equivalent function to use lower subcarrier spacing, but just keep the same subcarrier spacing by the symbol level repetition can avoid guard band issue of mixed numerology. This structure is also suitable to perform symbol-level combining. Further potential benefit would be affinity with STBC for further coverage improvement and with CDM for efficiency improvement.

[image: ] 
Fig.1: Concept of symbol-level repetition
Proposal 6: Symbol-level repetition should be studied.

Conclusion
In this contribution, we provide our view on enhancement of repetition schemes. We made following observations and proposals.
Proposal 1: To utilize/enhance the already specified repetition techniques in poor channel conditions should be studied.
Proposal 2: Cross-slot/cross-repetition channel estimation should be studied.
Proposal 3: RAN1 asks to RAN4 in what condition phase continuity can be kept.
Observation 1: Adaptive DMRS transmission is beneficial especially for stationary scenario.
Proposal 4: Frequency hopping enhancement such as configurable time domain hopping interval should be studied in the combination with cross-slot/cross-repetition channel estimation.
Proposal 5: PUSCH repetition Type B like mechanism and/or short PUCCH repetition could be studied.
Proposal 6: Symbol-level repetition should be studied.
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