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1	Introduction
In RAN#86, “study on NR coverage enhancement” was agreed, with the focus on scenarios in terrestrial networks [1].  In the same meeting, “solutions for NR to support non-terrestrial networks” was approved as a work item [2]. In this contribution, we discuss coverage enhancement benefits for NTN and propose to take into consideration NTN scenarios in the upcoming Rel-17 work item on NR coverage enhancement.
2.	Discussions
2.1	Study on NR coverage enhancement
In the study on NR coverage enhancement, simulations have been carried out for rural and urban scenarios in terrestrial networks. Bottleneck channels have been identified in the following agreement made in RAN1#103e [3]
Agreements:
1. The following channels are identified as the potential bottleneck channels derived from the absolute metrics (i.e. service dependent metric and scenario dependent metrics) and the relative metric (i.e. relative difference between channels)
0. 1st priority 
0. PUSCH for eMBB (for FDD and TDD with DDDSU, DDDSUDDSUU and DDDDDDDSUU)
0. PUSCH for VoIP (for FDD and TDD with DDDSU, DDDSUDDSUU)
0. 2nd priority  
1. PRACH format B4 
1. PUSCH of Msg.3
1. PUCCH format 1
1. PUCCH format 3 with 11bit 
1. PUCCH format 3 with 22bit 
1. Broadcast PDCCH
It is clear from the above that NR coverage is imbalanced between uplink and downlink and all except one of the identified bottleneck channels are uplink channels.
Various coverage enhancement techniques were discussed for PUSCH, PUCCH, and PRACH. Most of these techniques, such as increased repetitions and DMRS bundling are applicable to other scenarios including NR NTN deployment scenarios. To avoid duplication of works, NR coverage enhancement work should take into consideration of NTN.

2.2	NTN and NR coverage enhancement
Power class 3 UE (including all types of handheld devices among which smart phones) are identified as the UE type in several important scenarios for NTN [4] [5]. Typical frequency bands for handheld services with NTN are sub-6 GHz Frequency bands. Supporting power class 3 UE through NTN has great significance to expand 5G services in areas un-served by terrestrial networks. Important service capabilities for power class 3 UE over NTN are 
· short message service (SMS)/messaging 
· voice
· and possibly a certain level of data services.
The above three service capabilities have very different requirements: the first can be supported with very low data rate and is insensitive to delay; the second requires a data rate at least a few kbps and is sensitive to delay, the third requires a data rate at least few Mbps/few hundreds of kbps (DL/UL) as per Table B.2-1: Non-Terrestrial network target performances per usage scenarios in TR 38.821. 
Like in NR terrestrial networks, uplink is the coverage bottleneck in satellite networks with an operation in low SNR regime due to the following:
· Limitation in transmit power (typically up to ~23 dBm) and antenna gain (which may be equal or lower than the typical 0 dB assumed for power class 3 UE).
· Polarization loss. Typical power class 3 UE use linear polarized antennas while satellites typically employ circular polarized antennas.
· Antenna performance on board (e.g. satellite) constrained by the satellite size and mass which have a direct impact on the cost associated to the space segment (including satellites and launch).
· Large UE – Satellite distance (also called “slant range”) which depends on the minimum elevation angle and the satellite orbital altitude
Below, we analyse the applicability of the considered NR coverage enhancement techniques in NR NTN context. 
· PUSCH: Same techniques as considered for NR coverage enhancement.
· PUCCH: Same techniques as considered for NR coverage enhancements. 
· Msg3: Enabling PUSCH coverage enhancement during RACH. Unlike in terrestrial network, re-scheduling of Msg3 is not desirable due to large round-trip delay.
· PRACH: PRACH format 2. Evaluation is needed for enhancement. 
It is evident from the above that NR NTN can benefit from the already considered NR coverage enhancement techniques although a larger number of repetitions may be required and there may be no receive diversity in NTN context.
Taking into account NTN to the possible extent in the upcoming Rel-17 work item on NR coverage enhancement will allow supporting a wider range of NTN scenarios: Satellite at higher altitude (e.g. up to at least 1200 km), at lower elevation angle (down to 10°) and/or with lower on board antenna performance.

3	Proposals
It is recommended to take into consideration to the extent possible NTN scenarios in NR coverage enhancement work item with the following link budget assumptions.
Table 1. Link Budget Baseline for NTN UL.
	Channel Model
	NTN-TDL-C and NTN-TDL-D [4]

	Carrier Frequency
	2 GHz

	Frequency duplexing
	FDD

	Number of receiver antennas
	1

	Number of transmit antennas
	1 with possible antenna selection/switching



To take into consideration of NTN needs to the extent possible in NR coverage enhancement work item, we propose the following
· In the justification clause, add:
· NTN scenarios should also benefit from the NR coverage enhancement techniques
·  NTN scenarios should be considered to the possible extent in the NR coverage enhancement normative phase (i.e. when considering solutions) 
· When defining the objectives of the NR coverage enhancement WID, consider at least PUSCH/PUCCH/Msg-3 enhancements.

4	Conclusion


Proposal 1: Include in the clause “3 Justification” of work item “NR coverage enhancement” the following statement:
“NTN scenarios should also benefit from the NR coverage enhancement techniques.”

Proposal 2: When defining the objectives of work item “NR coverage enhancement”, consider at least PUSCH/PUCCH/Msg-3 enhancements.

Proposal 3: Include in the clause “3 Justification” of work item “NR coverage enhancement” the following statement:
[bookmark: _GoBack]“NR coverage enhancements should be generic and thus implicitly applicable to the widest number of scenarios e.g. MBB, VoIP, NTN, ….”.
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