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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 for both FR1 and FR2:
	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.


Our link budget evaluation results for channel coverage at FR1 are presented in [2] with following proposals:
	Proposal 3: PUSCH should be prioritized for coverage enhancement.
Proposal 4: Other channels including Msg3, PDCCH and PDSCH can achieve coverage requirements, no need of coverage enhancements. 


Thus, in this contribution, we focus on potential solutions for coverage enhancement for PUSCH at FR1. Meanwhile, discussions on PUCCH coverage enhancement are provided as well
Discussion on potential solutions for PUSCH coverage enhancement
1.1 Cross-slot channel estimation
In NR, uplink reference signals such as DMRS are configured in each slot to estimate uplink fading channel at basestation (BS). Usually, more reference signals lead to a more accurate channel estimation and improve UL transmission performance. However, symbols occupied by DMRS cannot be used to convey data for DFT-S-OFDM waveform, resulting in degradation of coverage performance. Hence, how to improve channel estimation accuracy without increasing DMRS overhead is interesting for coverage enhancement.
To ensure accurate channel estimation without configuring more reference signals, joint utilization of the DMRS in different slot is straightforward. As shown in figure 2.1-1, cross-slot channel estimation of multiple consecutive PUSCH slots can be performed at BS in some circumstances. By combing the overall DMRS of multiple slots, more accurate channel estimation can be achieved.
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Figure 2.1-1 Cross-slot channel estimation
As shown in figure 2.1-2, a preliminary simulation result is presented with parameters listed in table 2.1-1. Compared to conventional channel estimation based on 1 slot, joint estimation of 2 slots with more accurate channel fading information can obtain approximately 1.5 dB gain in terms at 10% BLER. By further increasing the cross-slot number from 2 to 3, a slight 0.3dB gain can be further obtained. 
Table 2.1-1 Parameter settings of cross-slot channel estimation
	Parameters
	Values

	Antenna configuration
	1T 8R 

	Channel model
	TDL-C

	UE speed
	3 km/h

	Delay spread
	37 ns

	Target rate
	100 kbps

	DMRS configuration per slot
	Type I, one front-loaded DMRS+ one additional DMRS



[image: ]
Figure 2.1-2 Cross-slot channel estimation
The applicability or conditions of the joint utilization of DMRS in multiple slots can be considered during the SI.
Observation 1: By cross-slot channel estimation, e.g. 2 or 3 slots joint channel estimation, a large coverage gain can be achieved as compared to conventional single slot channel estimation, i.e., a 1.5-1.8 dB SNR gain is obtained at 10% BLER. 
Proposal 1: Solutions to improve the quality of channel estimation can be considered in the SI.

1.2 Overhead reduction
DMRS pattern with front-loaded DMRS and additional DMRS was introduced in NR. To ensure accurate channel estimation for time varying channel, various number of additional DMRS can be configured to ensure accurate channel estimation. 
For near static channel where UE has a low moving speed and channel changes slowly with time, DMRS are less needed, and reduction or elimination of them can be considered.
As evaluation parameters shown in Table 2.2-1, we present a preliminary simulation results as illustrated in figure 2.2-2 with observations and proposals.
Table 2.2-1 Parameter settings for DMRS-less 
	Parameters
	Values

	Antenna configuration
	2T 8R 

	Channel model
	TDL-E

	UE speed
	3 km/h

	PUSCH mapping type 
	Type A

	DMRS configuration per slot
	Type I, max-length=1;


In simulation, only the 1st slot has DMRS while following K-1 slots reuse the estimated channel of 1st slot to demodulate following PUSCH, aiming to improve spectrum efficiency by reducing DMRS overhead. 
As simulation results show that the highest spectrum efficiency can be achieved with 2 DMRS symbols in 1st slots: once only 1 DMRS symbol is configured for the 1st slot, channel estimation accuracy cannot be ensured and system performance is degraded; meanwhile, too many DMRS symbols such as 3 or 4 with large DMRS overhead would also degrade the system spectrum efficiency. By reusing the estimated channel of 1st channel into the following 9 non-DMRS consecutive UL slots, the spectrum efficiency can be increased by 17.5%. 
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Figure 2.2-1 DMRS-less transmission with higher spectrum efficiency
Observation 2: Either too many DMRS symbols with large DMRS overhead or too few DMRS symbols with inaccurate channel estimation would degrade the system performance.
Observation 3: DMRS reduction in near static channel can improve the spectrum efficiency, e.g.  DMRS-less can achieve 17.5% spectrum efficiency gain.
[bookmark: OLE_LINK3]Proposal 2: Overhead reduction can be studied to improve the system performance and enhance coverage, especially for near static channel scenario.

1.3 Finer RV transmission
In current specification, 4 redundancy versions (RV) were introduced. In each RV transmission, information bits are decoded and rate matching is performed with indicated MCS, thus different bits from the decoded bit sequence are selected and transmitted. According to the received RV, BS attempts to decode the information bits. If BS fails to decode the transport block, HARQ retransmission will be performed, the LLR of retransmission will be combined with previous transmissions.  
For each transport block, there is a minimum number of bits need to be received at BS for the correct decoding. However, the usual case is that more bits than the expected minimum number would be transmitted in HARQ (re)transmissions in reality because scheduling cannot match current fading channel state perfectly, measurement and scheduling deviations either due to inaccurate channel estimation or limited quantized MCS levels, etc., causes resource waste and degrade system performance. 
To reduce the resource waste, RV transmission which is more tailored to achieve a minimal number of bits is desirable and will extend coverage. 
Proposal 3: Finer transmission of RVs can be studied to reduce resource waste in HARQ transmissions. 

1.4 FDD higher UE power transmission
Due to the large pathloss and penetration loss, transmission power is a key factor on uplink coverage. In RAN4 document [6], the average uplink transmission power is limited due to UE capability and consideration of radiation harm to human body where regulators put limitations to radiation power. Generally, 3 power classes are defined, namely 31 dBm (only for n14 carriers), 26 dBm (only for n41, n74, n78, n79) and 23 dBm. 
High power is introduced for UE in TDD mode and EN-DC mode, however, for FDD mode, high power mode is not defined. For coverage limited scenario, power is the most valuable resource for uplink transmission. In TDD mode, due the TDD configuration, the maximum time ratio of actual transmission for UE is less than 50% so that the average power is no more than 23 dBm. For FDD mode, the UE can transmit continuously while the average transmission power is still limited to 23 dBm. In reality, the uplink traffic is burst buffer traffic, and there could be no uplink transmission during a long time. For example, the inactive time for voice services. For the burst buffer traffic, during the uplink transmission period, the UE can use a higher power to boost the coverage without exceeding the 23 dBm in average. If the maximum power during the transmission is boosted to 26 dBm, the UE could have 3 dB coverage gain. However, this is not applicable to full buffer traffic with a long transmission time and a TDD pattern can be applied to limit the average uplink power. Under this case, the coverage gain would less than 3 dB due to unavailable transmission time, but there is still coverage gain due to the power concentration as illustrated in the following figure. 
To evaluate the performance of FDD higher UE power transmission, we present a simplified simulation of a TDD-like pattern where the first 4 slots have twice the power of the baseline simulation, and the next 4 slots have zero power. This simple example gives approximately 1dB SNR gain at 10% BLER. 
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Figure 2.4-1 Simulation results of instant higher power transmission
Observation 4: SNR gain is obtained by FDD higher UE power transmission as compared to original repetition transmission, e.g. 1 dB SNR gain at 10% BLER.

In light of the above analysis, we have the following proposal:
Proposal 4: FDD higher power UE can be studied in the SI for rural coverage of data and voice services.

Discussion on potential solutions for PUCCH coverage enhancement
As analyzed in [4], key factors on PUCCH coverage including:
· UL channel estimation: except PUCCH format 0, the accuracy of channel estimation for PUCCH formats 1~4 can be considered, which is important for correct data demodulation. 
· Maximum UE transmission power: due to UE capability, UL transmission power is limited, e.g. power class 3 with maximum 23dBm. Besides, maximum power exposure also limits the available UL transmission power to avoid radiation harm to human body. 
· High pathloss and penetration loss at higher frequency band: signals at higher frequency bands will experience large pathloss and penetration loss. Given the minimum BS receiving sensitivity, signals received at BS should above a threshold power, which puts a strong limitation of uplink coverage distance.
Thus, for scenarios where coverage of PUCCH is limited, solutions including ones discussed in section 2 can also be studied, e.g. FDD higher UE power transmission, more PUCCH repetitions, utilizing spatial or frequency domain diversity and DMRS-less PUCCH transmission. 

Conclusions 
In this contribution, we provide overview on possible RAN1 specification impact on the identified solutions. Based on the discussion, we have the following observations and proposals:
Observation 1: By cross-slot channel estimation, e.g. 2 or 3 slots joint channel estimation, a large coverage gain can be achieved as compared to conventional single slot channel estimation, i.e., a 1.5-1.8 dB SNR gain is obtained at 10% BLER. 
Observation 2: Either too many DMRS symbols with large DMRS overhead or too few DMRS symbols with inaccurate channel estimation would degrade the system performance.
Observation 3: DMRS reduction in near static channel can improve the spectrum efficiency, e.g.  DMRS-less can achieve 17.5% spectrum efficiency gain.
Observation 4: SNR gain is obtained by FDD higher UE power transmission as compared to original repetition transmission, e.g. 1 dB SNR gain at 10% BLER.

Proposal 1: Solutions to improve the quality of channel estimation can be considered in the SI.
Proposal 2: Overhead reduction can be studied to improve the system performance and enhance coverage, especially for near static channel scenario.
Proposal 3: Finer transmission of RVs can be studied to reduce resource waste in HARQ transmissions. 
Proposal 4: FDD higher power UE can be studied in the SI for rural coverage of data and voice services.
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