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In RAN#86 [1], a new SID on NR coverage enhancement was approved for Release 17,where RAN1 agreed to study potential coverage enhancement solutions for specific scenarios with following agreements:
	Agreement:
· 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.


To identify the coverage bottleneck channels, coverage evaluation assumptions are agreed in the RAN1#101 e-meeting [2], which enables the LLS and link budget calculation. Our link budget observations in [3] show that the coverage of PUCCH format 1 with 2bits and PUCCH format 3 with 22bits are limited in rural (NLoS O2I) TDD scenario. In this contribution, we provide views on the potential coverage enhancement solutions for PUCCH.
Discussion on potential solutions for PUCCH coverage enhancement
In current NR system, PUCCH format 0-4 are supported with different UCI payloads and symbol length. In particular, PUCCH format 0 and 2 can maximally occupy 2 OS (OFDM Symbol) while other PUCCH formats can be allocated with 4-14 OS. In coverage enhancement scenario, PUCCH format with more OS can be used to achieve a better uplink coverage performance. Usually, PUCCH format 1 with small payload size (e.g. 1~2 bits) and PUCCH format 3 with large payload size (e.g. 11, 22 or more bits) can be selected to ensure good uplink coverage performance and potential coverage enhancement solutions of them should be prioritized.
For PUCCH coverage, key limitations are listed as follows:
· UL channel estimation: DMRS is needed for all PUCCH formats except for PUCCH format 0, and accurate channel estimation is important to ensure demodulation performance. 
· Maximum UE transmission power: due to UE capability, UL transmission power is limited, e.g.  power class 3 with maximum 23dBm. Besides, the available UL transmission power is also limited by the maximum power exposure for body health.
· Number of UE Tx number: the mainstream UE implementation supports only one transmission antenna, conventional MIMO transmission diversity with large antenna array cannot be achieved, which degrades the uplink transmission coverage. 
· High pathloss and penetration loss at higher frequency band: signals at higher frequency bands will experience larger pathloss and penetration loss. 
In light of above limitations, potential solutions for PUCCH coverage enhancement are discussed below.
1.1 Instant higher power transmission
In RAN4 specification [4], the average uplink transmission power is limited by UE capability of maximum output power at different carriers. Generally, 3 power classes are defined, namely 31dBm (only for n14 carriers), 26 dBm (only for n41, n74, n78, n79) and 23 dBm. In UL transmission with limited power, such as 23 dBm in FDD mode, UL coverage might be a problem as compared to DL transmission where BS has a much larger output power such as 46 dBm. UL repetition is supported by current NR system (e.g. 2, 4 and 8 times repetition for PUCCH) to enable the combining detection at BS and a higher SNR can be obtained to improve demodulation performance, thus UL coverage can be enhanced. Ideally, by N repetitions, a maximum  dB SNR gain can be achieved by combining detection. However, the additional noise within received signals in each uplink transmission among multiple slots would affect the channel estimation accuracy, and the SNR gain will theoretically be degraded in the combining detection as a consequence. The most effective way to avoid the SNR gain loss is using higher instant output powers at some slots under average output power limitation, where the ideal SNR gain can be obtained without degradation. 
An example is shown in figure 2, we reallocate the power of 8 times repetition to 4 slots with 2 times larger power while the left 4 slots will not be used, thus the total and average power within 8 slots period keep the same. The pattern of slots with instant higher output power may be configured flexibly.
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Figure 2 Theory of instant higher power transmission

In light of the above analysis, the following proposal is given:
Proposal 1: Instant higher power transmission should be studied.

1.2 More flexible PUCCH repetitions and frequency hops
PUCCH repetition: to ensure the PUCCH coverage performance, NR supports maximum 8 repetitions for long PUCCH format such as format 1/3/4. However, the occupied symbols for each PUCCH repetitions among multiple slots are the same, such as the same duration length with the same start symbol position in each slot, which puts a strict limitation for PUCCH repetition transmission, especially in TDD mode where some symbols in S slots are configured as flexible symbols. If available UL symbols in S slot cannot meet the requirement of same duration length and start positions as other PUCCH repetition in UL slots,   PUCCH would not be transmitted in the S slot and those available UL symbols are not fully utilized, which degrade PUCCH repetition performance. If a more flexible PUCCH repetition resource mapping similar as PUSCH repetition type B can be enabled, the coverage performance of PUCCH can be further enhanced.
Proposal 2: More flexible PUCCH repetitions could be studied for PUCCH coverage enhancement.

1.3 DMRS-less PUCCH transmission
In NR system, DMRS and channel coding are performed for PUCCH format 2-4. However, in a low SNR region, channel estimation based on DMRS is poor and a low code rate would be used with limited channel coding gains. Therefore, DMRS-less PUCCH transmission based on sequence detection to transmit UCI bits can be considered as a potential solution for PUCCH coverage enhancement. However, for sequence-based PUCCH transmission, following issues need to be considered:
· Sequence design with small maximum cross-correlation: The maximum cross-correlation among candidate sequences should not be too high for good error-rate performance.
· Sequence design with good PAPR performance. As PAPR is a key performance metric for uplink transmission, PAPR of sequence-based PUCCH transmission should be considered carefully.
· Acceptable sequence detection complexity: In 1st e-meeting discussions, UCI payloads with 4bits (3bits A/N+1bit SR), 11bits, 22bits, etc., have been mentioned by some companies. For large payload size of PUCCH, e.g., 22 bits payload agreed in [2], a set consists of  candidate sequences should be assumed if the UCI are conveyed by single sequence, which may cause unacceptable detection complexity.
Proposal 3: DMRS-less transmission based on sequence detection should be studied for PUCCH with the consideration of maximum cross-correlation, PAPR and detection complexity.
Conclusions 
In this contribution, we analyze the factors on PUCCH coverage and provide potential solutions with the following proposals:
Proposal 1: Instant higher power transmission should be studied.
Proposal 2: More flexible PUCCH repetitions could be studied for PUCCH coverage enhancement.
Proposal 3: DMRS-less transmission based on sequence detection should be studied for PUCCH with the consideration of maximum cross-correlation, PAPR and detection complexity.
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