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Introduction
Several aspects of coverage enhancement have been studied in Rel-17, where the study [1] mainly focused on identifying scenarios, services, baseline coverage performance, and their potential solutions for VoIP and eMBB. In consequence, the work item [2] was approved, where the key objectives are to specify enhancements for PUSCH, PUCCH, and to also specify mechanism(s) to support Type A PUSCH repetitions for Msg3. Due to the limited scopes in Rel-17, the new work item on further enhancements on NR coverage in Rel-18 was proposed and approved [3], where it aims to specify PRACH enhancements and to study power domain enhancements including enhancements to increase UE power limit for CA and DC, and enhancements to reduce MPR/PAR. However, the repetition-based enhancement scheme reduces spectral efficiency, and the study and work so far have been more focused on eMBB applications. Since wearable devices with reduced capabilities, which are both power and space limited devices, are getting popular in the near future, it is critical to have solutions for the business as well as for satisfactory user experiences.

Discussion
Wearable technology market size is expected to expand at a compound annual growth rate (CAGR) of 13.8% from 2021 to 2028 [7]. The rising popularity of connected devices and the Internet of Things (IoT), and the rapid growth of the technologically literate population globally are anticipated to fuel the demand for wearable technology over the forecasted timeframe. 3GPP introduced reduced capability NR UE devices in Rel-17 mainly for wearable devices so that 5G NR technology can be used in everyday life. 
HB (High Band) and UHB (Ultra-High Band) support of 5G are crucial for increasing the 5G FR1 capacity. Large swaths of spectrum are available in 2.4 GHz and 3.3 - 5 GHz. Also, massive MIMO deployment is feasible to boost throughputs. Additionally, US operators recently acquired US C-band to strengthen the sub-6GHz roadmap. While HB/UHB will bring enhanced user experiences which eventually would lead better business profits opportunities for operators, there are some challenges to support sufficient coverage not only in eMBB but also in wearable devices. The coverage issue is more critical in wearable devices with RedCap because wearable devices, by nature, are intended for head-worn, body-worn, or wrist-worn, etc. Thus, they have many implementation challenges and some of them critically impact on performances.

Expected coverage gap in FR1 
Since coverage is typically limited by UL, we compare the UL coverage of UHB with LB. In this analysis, we assumed a RedCap UE but the same problem applies to eMBB devices as well. Owing to higher frequency, UHB has significantly higher pathloss / penetration loss relative to low bands. Even though, channel bandwidth of HB/UHB can be larger (e.g., 100MHz) compared to a low band, but the channel bandwidth support of RedCap devices is limited by their capability, thus effective BW available for UL is limited by its capability and DL:UL ratio of the band. UHB deployment is expected to be TDD where the DL to UL ratio is skewed heavily in favor of DL. These effects combined together result in a large difference in UL coverage for UL (especially UL data channel to achieve a desired data-rate). Table 1 shows detailed UL coverage difference analysis with assumptions for 700 MHz and 4 GHz frequency ranges, based on default 3GPP assumptions [6].
Table 1. UL data-channel coverage difference between 700MHz and 4GHz
	
	700 MHz FDD
	4GHz TDD DDDSU
	Difference

	Frequency
	700 MHz
	4 GHz
	15.1 dB

	BS antenna gain 

	8dBi antenna gain
2 TXRU, 16 receive antenna 
0 dBi receiver antenna gain component 2
	8dBi antenna gain
64 TXRU, 192 receive antenna, 
12 dBi receiver antenna gain component 2
	-7.7 dB

	Shadow fading
	5.1 dB
	4.5 dB
	0.6 dB

	Penetration margin
	12.5 dB
	26.2 dB
	13.7 dB

	DL:UL resource allocation
	100% UL in UL band 
	4:1
	7 dB

	Total difference in coverage between different frequencies 
	
	
	28.7 dB



If coverage of HB/UHB is significantly smaller than LB leading to coverage holes within the deployment, then eMBB or RedCap devices won't be able to enjoy seamless mobility on HB/UHB. Finally, Rel-16 and 17 have introduced coverage enhancement schemes to enhance the coverage of DL and UL (with upto repetition factor of 32 in UL) which can ideally bridge upto 15 dB in coverage. However, in TDD deployments (most likely case for HB/UHB) where UL slots are 5 ms apart (in DDDSU deployment with 30KHz SCS), large repetition on the physical layer will result in untenable latency and decreasing spectral efficiency which we will discuss below as well.
Observation #1: eMBB devices or wearable devices with RedCap won’t be able to enjoy seamless mobility on HB/UHB  (e.g., n41,n77 or US C-band) in FR1, in case of large coverage holes compared to LB.
Observation #2: Large repetition in UL slots will result in untenable latency and reduced spectral efficiency. 

Limitations of hardware implementation for wearable devices
Small and lightweight form-factors with a longer battery life are key design goals of the wearable devices. These goals lead to several design restrictions. Wearable devices, by nature, will be space limited and power limited to meet the KPI. Among other challenges, we recognize that antenna design within the limited footprint, the device can accommodate only a limited number of antennas for cellular technologies and maintaining a good antenna efficiency across multiple bands (e.g., LB, MB and HB/UHB) with a single antenna is extremely challenging. Since a higher path loss is expected in HB/UHB compared to a lower frequency band which also causes reduced cell coverage, wearable devices operating in HB/UHB will suffer in uplink coverage. 
Observation #3: A single antenna design with a good efficiency across multiple bands (e.g., LB, MB, and HB/UHB) in FR1 is extremely challenging for wearable devices with RedCap where space is limited.

Limitations of the existing Rel-17 and Rel-18 coverage enhancement solutions for eMBB and wearable devices
The existing solutions in Rel-17 enhance the coverage mainly by PUSCH and PUCCH repetitions. However, repetition schemes reduce spectral efficiency. While the spectral utilisation reduction might not be critical for eMBB, it would be critical for wearable devices with reduced capabilities, where they are implemented with reduced maximum bandwidths, number of antennas, etc.
In Rel-18, the approved WID [3] aims to further enhance the uplink coverage by PRACH enhancements, power domain enhancements, and dynamic DFT-s-OFDM switching. While these goals are worthwhile to investigate, they are still incomplete for eMBB and wearable devices. Especially, the power domain enhancements by increasing output power or reducing MPR/PAR might not be useful, applicable, or challenging for wearable devices as we discussed in this contribution. 
Observation #4: Existing coverage enhancement solutions by the repetitions would reduce spectral efficiency for both eMBB and wearable devices. 
Observation #5: Spectral efficiency degradation in wearable devices with RedCap might be more critical in satisfactory user experience.
Proposal: It is necessary to have possible solutions without sacrificing the spectral efficiency where the user experience is critical in a higher frequency band (e.g., n41, n77 or US C-band).

Conclusion
To improve the UL coverage for the wearable devices, especially supporting UHB, it is strongly recommended to study the possible solutions without sacrificing the spectral efficiency where the user experience is critical in higher throughput use cases.
In this paper, we made the following observations and proposal:
Observation #1: eMBB devices or wearable devices with RedCap won’t be able to enjoy seamless mobility on HB/UHB (e.g., 2.4 GHz band, band n77 or US C-band) in FR1.
Observation #2: Large repetition in UL slots will result in untenable latency and decreasing spectral efficiency. 
Observation #3: A single antenna design with a good efficiency across multiple bands (e.g., LB, MB, and HB/UHB) in FR1 is extremely challenging for wearable devices with RedCap where space is limited.
Observation #4: Existing coverage enhancement solutions by the repetitions would reduce spectral efficiency for both eMBB and wearable devices. 
Observation #5: Spectral efficiency degradation in wearable devices with RedCap might be more critical in satisfactory user experience.
Proposal: It is necessary to have possible solutions without sacrificing the spectral efficiency where the user experience is critical in a higher frequency band (e.g., n41, n77 or US C-band).
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