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1   Background
In RANP#84 the coverage enhancement is identified as one of the possible working areas for 3GPP R17. In the moderated email discussion, many companies showed interests on the coverage enhancement. Because lower frequencies are occupied by LTE networks and will be occupied for several years, the coverage enhancement is important for 5G NR to be successful in the initial commercial deployment in the higher frequency TDD bands. The TDD band also creates downlink uplink coverage imbalance.
2   Discussion
Regarding the scenarios, the most important scenario for FR1 is an indoor UE served by an outdoor base station. In one aspect, the physical signal experiences larger path loss on higher frequency band. In another aspect, for TDD operation, usually only a small fraction of the time slots (e.g. DL: UL = 4:1 or 7:3) is allocated for the uplink, which further limits the uplink coverage. The most straightforward way to improve the coverage is to add sites in the area where users suffer from poor coverage. Apparently, it is always costly for operators to deploy new sites for coverage purpose, and using the existing sites for NR deployment is naturally the preferred solution. The coverage of NR in sub-6 GHz frequency band should be enhanced to improve user experience especially in 2.6 GHz and 3.4-3.5 GHz. Since most of the users are indoor users in an urban area (up to 80%), uplink coverage enhancement is very important for 5G NR deployment on the higher, unpaired spectrum.

Another important scenario for FR1 is the rural scenario. In the rural scenario, a base station may cover a large distance up to or more than 45 km. The cell coverage requirement could be as large as 100km in TR38.913 to cover rural area such as the grassland, coastal areas, deserts, etc. In this scenario, the density of users including both human and machines is very low, and lower frequency (e.g. 700 MHz) is usually used. The key characteristics of this scenario are Macro cells with very large area coverage supporting basic data services and voice services, with low to moderate user throughput. The low data rate could be approximately 10 kbps to support basic voice services. In TR38.913, the defined target throughput is 160 bps and target MCL is 164 dB. Such remote coverage capability is not achieved by the current 5G NR and LTE for normal users. For 5G NR and LTE, refarming 2G and 3G in the near future will happen, and in some countries the 2G/3G shutdown has already began. Thus 5G NR and LTE should be enhanced to support extreme long range coverage so as to provide the internet data connections to remote users in refarmed spectrum from 2G and 3G. From this point of view, base stations are supposed to cover as wide area as possible to provide the internet access to users far away, so that deployment cost can be reduced.

For FR2, the coverage of the outdoor base station should be improved to provide large throughput with the large bandwidth. To provide as large coverage as possible, the UE can benefit from the large frequency bandwidth. The coverage enhancement of indoor base station can also be considered to provide good user experience in FR2.

Target data rates for the services expected to be available at the edge of enhanced coverage should be identified. For the services in FR1, as mentioned above, VoIP is an import service for the NR deployment and also very important for the lower frequency refarming. VoIP is very crucial in a rural scenario, where the data rate could be as low as 10 kbps. While for urban scenario, the cell edge throughput should support 10Mbps for downlink and 1~2Mbps for the uplink for indoor-to-outdoor scenarios. The target uplink throughput should support surveillance cameras, which requires 2-4 Mbps per camera for economic video and 7.5-25 Mbps per camera for mid-end video. While for FR2, the target throughput should be higher than FR1 which could be up to 100Mbps for the downlink and 4Mpbs for the uplink. Different solutions may apply to different target data rate which should be defined in the work area.

Regarding which physical channels should be considered, uplink channels are more likely to be the coverage bottleneck. Evaluations may be needed to define the coverage limitations and the coverage enhancement targets. Both downlink and uplink channels can be taken into account.
3   Conclusions
For FR1, the urban macro scenario with many indoor users and the rural scenario should have higher priority. While for rural scenario, long distance coverage with more than 45 km should be considered. For the services, VoIP of 10kbps should be considered in the large area coverage enhancement. While for urban scenario, 10Mbps for the downlink and 1~2Mbps for the uplink should be considered for an indoor UE served by an outdoor base station and even higher data rate for outdoor video surveillance camera. For FR2, the downlink up to 100Mbps and 4Mbps for the uplink should be taken into account. Different solutions may apply to different target data rate which should be defined in the work area.
