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Motivation
In RAN#86, NR coverage enhancement was identified as one RAN work area for Rel-17. The SI requires to identify the performance targets for coverage enhancement, and study the potential solutions for coverage enhancements for the identified 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 additional enhanced solutions for FR2, if any
· Evaluate the performance of the potential solutions based on link level simulations.
Key Considerations towards Evaluation of Coverage Enhancement Features
Coverage expansion especially for rural use cases has been a major requirement arising from Indian IMs of 3GPP for several years. This requirement stems from a large scale rural deployment envisaged for 5G applications. It is generally expected that Indian deployments will adopt 5G NR for both rural and urban use cases in the available 5G NR bands including the 3.3-3.6 GHz band. The 3GPP specifications should aim to maximize the coverage for 3.3-3.6 GHz TDD band as well sub GHz FDD (e.g., 700MHz) bands. 
Low-Mobility-Large-Cell (LMLC) (Rural-C) has been specified by ITU as a mandatory requirement for IMT-2020 specifications. Though LMLC evaluations specify 6Km ISD at 700MHz carrier frequency, the actual deployment scenario need not be restricted to 6Km ISD. We expect Rel-17 specifications to support significantly higher ISD for rural uses cases both 3.3-3.6 GHz TDD band as well sub GHz FDD (e.g., 700MHz) bands.
Increased coverage fundamentally stems from an improvement in link budgets offered by the physical layer. In the context of Rel-17 of 5G NR, such improvements may be obtained due to an increase in UE transmission power, use of additional antennas at gNB, or an inherent ability of the system to operate at lower SINR compared to Rel-15 and Rel-16 of 5G NR. Enhancements such as an increase in base station height (that reduces path-loss) are deployment-related improvements and are generally not related to 3GPP specifications. 
Large cells result in low SNR or SINR. Therefore, the SI should target physical layer enhancements that support VoIP and other eMBB services under much lower SINR conditions at cell edge than currently supported by 5G NR specifications. To support large cells, the link should support cell edge SINR that is [x] dB less than rel-16 of 5G NR. This implies that the system can support an additional [x] dB increase in MCL over rel-16 of 5G NR. 
Observation-1: 5G NR coverage enhancement should support additional [x] dB increase in MCL over rel-16 of 5G NR.
Observation-2:  Coverage enhancement SI should support higher MCL which directly results in higher ISD compared to existing IMT-2020 evaluations. 
Proposal-1: Identify [x] dB via system and link-level simulations. 
The specification should support uplink narrowband operation such as a single PRB allocation and sustained UE scheduling over multiple subframes under low SINR conditions. Study mechanism to support [x] dB MCL increase, to maintain the required minimum target link data rate.
Observation-3: Study and evaluate potential link level improvements to support [x] dB increase in MCL
For large cells, with increasing distance, the link becomes dominated by the thermal noise. This is different from smaller cells where interference plays a significant role in determining cell capacity. Any technique that improves the link margin would result in a proportional increase in data rate independent of interference characteristics. DFT-S-OFDM waveform with pi/2 BPSK modulation offers low PAPR and allows maximum UE transmit power up to 26 dB. This feature should be considered for enhancing the cell coverage. Given that the system is noise limited, the increased UE power directly translates to an improvement in the link SINR.
Observation-4: UE with 26 dbm max Tx power provides a substantial increase in cell edge data rates. Uplink single PRB operation with pi/2 BPSK and QPSK DFT-S-OFDM should be considered for evaluations.
Beam sweeping improves the SINR of a UE in both DL and UL as it allows radiated energy to be directed towards the UE. Evaluate potential link performance improvements by increasing the number of base station antennas ports/elements with finer beam sweeping. 
Observation-5: Study and evaluate the impact of antenna structures and explore increasing the value of [Lmax] of SS blocks for sub 6 GHz coverage improvement.
To support [x] dB additional MCL, both DL and UL physical channels should support reliable channel estimation at low SINR conditions and low UE speeds or higher Doppler for high speed UEs. Evaluations should consider DMRS enhancements including those techniques that exploits existing PT-RS+DMRS to improve channel estimation at low SINR or higher Doppler (example UEs moving at 500Kmph)
Observation-6: Evaluate DMRS enhancements for DL and UL to support [x]dB higher MCL and high speed UEs with max speed of 500Kmph.
Suggested guidelines on channel model and ISD for evaluations: 
Proposal-2: For FR1 FDD operation, we propose that an ISD of 30Km model be specified for system level simulations at 700MHz carrier frequency; For FR1, 3.5GHz TDD operation, we propose an ISD of [12] Km. In both cases at least LMLC Rural-C channel model should be used for evaluations.
Observation-7: The ITU Rural channel models are defined for a distance of up to 21Km. 
Proposal 3: In order to allow evaluations at higher ISD the channel models should be defined to include distance higher than 21Km.
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