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[bookmark: _Ref31881512]Introduction
In RAN#84, NR coverage enhancement was identified as one of the RAN work areas for Rel-17. The email discussion on requirements, scenarios and key study areas are well attended by industry and NR coverage enhancements is approved as a study item in RAN#86. The objective of the study item is to study potential coverage enhancement solutions for specific scenarios for both FR1 and FR2, firstly by identifying the baseline coverage performance for both DL and UL [1]. 

We provided baseline extreme long-range rural coverage performance for FR1, both in DL and UL, in another contribution on coverage enhancement [2]. The results have shown that the UL data rate targets defined in [1] for Enhanced Mobile Broadband (eMBB) service cannot be satisfied for BS antenna heights less than 75 m. The results have also indicated that without packet segmentation, baseline performance for VoNR cannot satisfy UL data rate target of 12.2 kbps, as well. This document discusses potential solutions on coverage enhancement for extreme long–range rural scenarios for FR1 in UL. 
[bookmark: _Ref34211203]Simulation Scenarios 
The evaluation assumptions for the Rel-17 study item on coverage enhancements are not defined, yet. Two alternatives could be chosen from previous work on rural coverage. There are rural scenarios defined by the ITU-R in [3]. The Rural C (LMLC) scenario has the largest coverage with ISD = 6000 m and could be extended. On the other hand, 3GPP defined in [4] an extreme long-distance coverage scenario with an isolated cell and a range up to 100 km with UE mobility of 160 km/h. In the following, both scenarios and models will be used to generate our simulation results, for which we have already provided the baseline coverage performance results in [2]. 
The parameters for performed simulations are summarized in Table 2 in the Annex. Regarding the channel model, we assume that the model defined in [3] for the LMLC scenario with a validity of BS-UE distance of 21 km is also valid for greater distances.
Simulations are done by extending the calibrated system-level simulator that has also been used in the IMT-2020 evaluation process under the umbrella of the 5G Infrastructure Association. 
For the performance evaluation of narrow-band allocations in Sec. 3.1 and higher power UEs in Sec. 3.2, the same analysis with the one held in [2] is performed. From system-level simulations, RSRP samples are collected. Then the noise floor is subtracted from the RSRP samples and SNR values are obtained. SNR samples are then mapped to spectral efficiency (SE) values using the approach in Annex A.2 Link Level Performance Model of [5] and link level results for SISO AWGN channel with a BLER target 0.1 for PDSCH. While doing so, we have used MCS index table 1 in [6] and up to 8 HARQ transmissions are allowed. The parameter alpha for scaling of spectral efficiency in the model of [5] is found to be 0.82 for UL. Different bandwidths (BWs) are applied to SE samples, accounting for respective pilot overheads and guard bands, and respective throughput values are obtained. 
[bookmark: _Ref32566171][bookmark: _Ref34214547]Solutions for Coverage Enhancement 
Potential solutions on coverage enhancement for PUSCH and PUCCH for FR1 and FR2 are offered by the companies in the email discussion [7] and some of them are mentioned once again in SID [1]. Here, we provide system performance in UL for subcarrier-wise narrow-band allocations and high power UEs for eMBB service. Moreover, we propose enhancements to the Rel-15 frequency hopping algorithm.  
[bookmark: _Ref32928060][bookmark: _Ref34213586]Narrow-band Allocations for PUSCH
Link-budget can be improved when more power is focused on a smaller number of physical resources. Narrowband Internet-of-Things (NB-IoT) kind of subcarrier allocation is therefore a candidate solution to enhance coverage. 
The analysis defined in Sec. 2 is performed for Rural C scenario where only half of a PRB is allocated to the UE in UL. The results have shown that only 82% coverage with the target throughput can be obtained, whereas we observed 79% when 1 PRB was allocated in the baseline performance [2].
From the above results and baseline performance, we observe that a smaller BW only helps if we only have a smaller data rate requirement. Therefore, subcarrier-wise narrow-band allocations are not beneficial in terms of meeting 100 kbps UL throughput requirement.
Observation 1: With subcarrier-wise narrow-band allocations for UL in Rural C and Isolated Cell scenarios, throughput target of 100 kbps cannot be satisfied. 
Proposal 1: RAN1 should agree that narrow-band allocations are not a solution for rural scenarios considering the defined throughput performance targets. 
[bookmark: _Ref38280297]Higher Power UEs
One way to improve link-budget is to increase the total transmit power of the UEs, which is mentioned as one of the solutions to enhance coverage in the email discussion [7]. 
However, high power UEs with 26 dBm transmit power are specific to TDD bands n41/77/78/79 with operation bands (2496 MHz – 2690 MHz), (3300 MHz – 4200 MHz), (3300 MHz – 3800 MHz) and (4400 MHz – 5000 MHz), respectively [9]. Such high power UEs are only defined for TDD bands, because it may put restrictions on the UL transmit activity factor, i.e. the TDD UL-DL subframe configuration. 
700 MHz carrier frequency is not supported to have higher power UEs except for Band n14, for which a power class 1 with 31 dBm was once defined for mission critical communication. It is unlikely that power class 1 is supported by commercially available UEs. We propose RAN1 to send a liaison statement to RAN4 asking RAN4 on their view about high power UEs at 700 MHz as potential solution to support extreme rural scenarios in the coverage enhancement study item. RAN4 may also investigate high power UEs with limited UL activity for FDD bands. 
[bookmark: _Hlk38288827]Proposal 2: RAN1 should send a liaison statement to RAN4, asking RAN4 on their view about high power UEs at 700 MHz as a potential solution to support extreme rural scenarios in the coverage enhancement study item.
We have performed the analysis described in Sec. 2, by assuming that the UEs have maximum transmit power of 26 dBm, instead of 23 dBm, to see the effect of higher power UEs. UL performance of both Rural C scenario and Isolated Cell scenario with higher power UEs are shown in Table 1.
[bookmark: _Ref39750274]Table 1 UL performance for different PRB allocations and higher power UEs for Rural C scenario with ISD = 30 km and Isolated Cell scenario with 10 km drop radius
	
	Number of Allocated PRBs
	1
	3
	5
	10
	15
	20 
	30

	Rural C with High Power UEs (26 dBm)
	5%-ile Throughput [kbps]
	34
	35
	36
	0
	0
	0
	0

	
	Coverage Percentage for 100 kbps
	86%
	88%
	88%
	88%
	88%
	87%
	84%

	Isolated Cell with High Power UEs (26 dBm) 
	5%-ile Throughput [kbps]
	29
	30
	30
	0
	0
	0
	0

	
	Coverage Percentage for 100 kbps
	85%
	86%
	87%
	87%
	87%
	86%
	82%



From the baseline performance of the same scenarios illustrated in Table 1 and Table 3 in [2] and here from Table 1, it is observed that the 5%-ile UE throughput is nearly doubled by increasing maximum UE power by 3 dB. Although the criterion of 100 kbps UL throughput is still not satisfied for both of the scenarios, the results indicate that high power UEs significantly enhance cell-edge performance. 
Observation 2: By having UEs with 26 dBm maximum transmit power, for UL in Rural C and Isolated Cell scenarios, throughput target of 100 kbps cannot be satisfied, although significant performance enhancements are observed. 
[bookmark: _Ref38280497]Enhanced Frequency Hopping
Rel-15 inter-slot frequency hopping procedure that is defined in [6] is tested in our other contribution [2], where significant amount of enhancement in coverage is observed for both Rural C and Isolated Cell scenarios in UL. 
Here, we propose to have a frequency hopping scheme, where not only 1 inter-slot frequency hop is performed, but multiple inter-slot hops are consecutively performed by a UE in UL transmission if the UE is configured to apply frequency hopping. The starting PRB and the hopped PRB calculations should be based on the same rule in [6], except that the frequency hopping offset, RBoffset, should become n * RBoffset for the nth hop during the transmission. 
This scheme would provide more frequency diversity and mitigate the fading effects better, leading to an enhanced cell-edge performance. The maximum number of hops should be discussed in RAN1.
[bookmark: _Hlk38288820]Proposal 3: RAN1 should agree that increasing the number of hops made in Rel-15 frequency hopping algorithm enhances coverage and RAN1 should discuss the maximum number of hops that can be made with frequency hopping.
Lastly, it is suggested to capture the results of Sec. 3 in TR 38.830 “Study on NR coverage enhancements”. 
Proposal 4: The agreed solutions of Sec. 3 should be captured in TR 38.830 “Study on NR coverage enhancements”.
Conclusion and Proposals
In this document, we have tested and discussed several potential solutions on coverage enhancement for extreme long-range rural scenarios, including Rural C scenario with 30 km ISD and Isolated Cell scenario with 10 km drop radius for FR1 in UL, based on system-level simulations. The following observations and corresponding proposals are made:
Observation 1: With subcarrier-wise narrow-band allocations for UL in Rural C and Isolated Cell scenarios, throughput target of 100 kbps cannot be satisfied. 
Proposal 1: RAN1 should agree that narrow-band allocations are not a solution for rural scenarios considering the defined throughput performance targets. 
Proposal 2: RAN1 should send a liaison statement to RAN4, asking RAN4 on their view about high power UEs at 700 MHz as a potential solution to support extreme rural scenarios in the coverage enhancement study item.
Observation 2: By having UEs with 26 dBm maximum transmit power, for UL in Rural C and Isolated Cell scenarios, throughput target of 100 kbps cannot be satisfied, although significant performance enhancements are observed. 
Proposal 3: RAN1 should agree that increasing the number of hops made in Rel-15 frequency hopping algorithm enhances coverage and RAN1 should discuss the maximum number of hops that can be made with frequency hopping.
Proposal 4: The agreed solutions of Sec. 3 should be captured in TR 38.830 “Study on NR coverage enhancements”.
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[bookmark: _Ref39750572]Table 2 Main simulation parameters
	Test Environment
	Rural C
	Isolated Cell

	Carrier Frequency
	700 MHz
	700 MHz

	Simulation BW
	10 MHz
	10 MHz

	Duplexing
	FDD
	FDD

	BS/UE Antenna Height
	35 m / 1.5 m
	35 m / 1.5m

	ISD
	30 km
	Not applicable

	Drop Radius
	Not applicable
	10 km

	Antenna Type
	Sectorized 
	Omni-directional

	Number of TRxPs per Site 
	3
	1

	Number of Antenna Elements per TRxP
	32 cross-polarized antenna elements (M,N,P) = (8,4,2)
	32 cross-polarized antenna elements (M,N,P) = (8,4,2)

	Number of TxRUs per TRxP
	4 per polarization
	4 per polarization

	BS Mechanical / Electrical Tilt
	90o in GCS / 92o in LCS
	90o in GCS / 92o in LCS

	Number of Antenna Elements and TxRUs per UE
	1 cross-polarized antenna and 1 TxRU per polarization
	1 cross-polarized antenna and 1 TxRU per polarization

	BS / UE Total Transmit Power 
	46 dBm / 23 dBm
	46 dBm / 23 dBm

	BS / UE Antenna Gain
	8 dBi / 0 dBi
	3 dBi / 0 dBi

	BS / UE Noise Figure
	5 dB / 7 dB
	5 dB / 7 dB

	Subcarrier Spacing 
	15 kHz
	15 kHz

	Percentage of High Loss and Low Loss Building Type
	100% low loss
	100% low loss

	Wrapping Around Model
	Geographical distance based 
	Not applicable

	Device Deployment
	40% indoor with 3km/h, 40% outdoor with 3km/h, 20% outdoor in-car with 30km/h 
	100% outdoor in-car with 120km/h

	UE Density
	10 UEs/cell
	10 UEs

	Mobility Model
	Fixed speed of all UEs, randomly and uniformly distributed direction
	Fixed speed of all UEs, randomly and uniformly distributed direction

	Pathloss Model
	Pathloss Model RMa_B as detailed in ITU-R M.2412-0 Table A1-5, including the difference for NLOS of LMLC scenario compared to the channel model specified in 3GPP TR 38.901
	Pathloss Model RMa_B as detailed in ITU-R M.2412-0 Table A1-5, including the difference for NLOS of LMLC scenario compared to the channel model specified in 3GPP TR 38.901

	Fast Fading
	RMa with Statistical LoS / NLoS model as detailed in 3GPP TR 38.901 V14.1.1
	RMa with Statistical LoS / NLoS model as detailed in 3GPP TR 38.901 V14.1.1
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