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Introduction
A new SI on solution evaluation for NR to support Non-Terrestrial Network, NTN, was proposed in the RAN plenary meeting #79 [1]. One of the objectives of this SI from the physical layer perspective is to provide solutions for Timing Advance. This contribution discusses the impact of timing advance on 5G NR design for Non-Terrestrial Networks [2].
Background 






In NR, similar to LTE, during the initial access procedure gNB estimates the initial Timing Advance from Physical Random Access Channel (PRACH) sent by the UE and sends timing advance command in Random Access Response (RAR). Then, the UE adjusts the timing of its uplink transmission based on the information received from gNB. According to the specification [3], for a subcarrier spacing of  kHz, the timing advance command for a Timing Advance Group (TAG) indicates the change of the uplink timing relative to the current uplink timing for the TAG as multiples of  where the time unit  with  Hz and  and is related to the numerology which is given by Table 1.
[bookmark: _Ref510448517]Table 1: Supported transmission numerologies in NR
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As for random access response (RAR), the timing advance command indicates an index value  = {0, 1, 2, ..., 3846} where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by . In both LTE and NR, the granularity of 0.52 μs is considered for the base numerology of 15 kHz in order to enable the uplink transmission timing to be set with a relatively good accuracy within the length of the uplink CP. It should be pointed out that  is the timing offset between uplink and downlink radio frames at the UE and is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random-access response. It should also be noted that can be expressed in units of  where . 

Accordingly, in NR, the timing advance command can indicate up to 2msec timing alignment for 15kHz subcarrier spacing which is corresponding to  = 3846, which is corresponding to 300 km cell size, i.e., 




Impact of Timing Advance on NTN
The non-terrestrial networks cover a broad range of airborne (e.g., High Altitude UAS Platforms (HAPs)) or spaceborne (e.g., Satellites (LEO, MEO, GEO)) vehicles for transmission, each with a different round trip propagation delay. In fact, depending on the deployment scenario, the round-trip propagation delay could be in the range of hundreds of milliseconds which is much larger than the terrestrial networks. More specifically, for a satellite link, the target for user plane Round Trip Time (RTT) can be as high as 600ms for GEO satellite systems, up to 180ms for MEO satellite systems, and up to 50ms for LEO satellite systems [4]. Accordingly, the applicability of the current timing advance mechanism for terrestrial networks to the non-terrestrial networks should be carefully evaluated. 
The RTT can be estimated based on the distance between the gNB and UE and the speed of light. The distance between the gNB and UE is a function of the distance of the satellite from Earth and the angle of elevation. Therefore, the non-terrestrial gNB may use the knowledge of its distance from the Earth and the footprint of its beam on the Earth in order to estimate the maximum and the minimum round-trip times. Unlike the terrestrial cellular networks, the maximum round-trip time and the range of variation of round-trip time can be quite different. For example, for the geostationary (GEO) satellite, the maximum round-trip time can be as high as 600ms, but the variation of the round-trip time (which is dependent on the footprint) can be much smaller (as shown in Figure 1).


[image: ]
[bookmark: _Ref510097417]Figure 1. Variation of the round-trip time with respect to the round-trip time in NTN.

From the above discussions, it can be concluded that as long as the variation of the RTT corresponding to the footprint of the satellite beam is limited to 2msec (i.e., 300km cell size), the existing timing advance mechanism from NR is applicable to the NTN. This could be the case for low altitude satellites (e.g., LEO) or HAPS. However, for high altitude satellites such as MEO and GEO, a more flexible timing advance mechanism which could efficiently adapt to the specific deployment scenario under the same general framework may be needed.



One straightforward solution to support non-terrestrial networks is to introduce an extended timing advance command, , in RAR in the form of a bitfield that has larger length than the one already used in NR. In this approach, to support an RTT of up to 600ms for subcarrier spacing of 15kHz (which is the maximum expected RTT for the non-terrestrial networks) the range of  must be {0, 1,…, }, as shown in (1), hence the bitfield length of the extended timing advance command must be 21 bits. 
	
	

	[bookmark: eqNtageo](1)


However, we believe that the solution introduced above is inefficient since it adds unnecessary overhead.  More optimization and more efficient alternative solutions with no impacts on NR standards should be considered to lower the overhead of the extended timing advance command.
[bookmark: _GoBack]Proposal 1: The applicability of the existing timing advance mechanism to non-terrestrial networks should be carefully studied. 

Summary
In this contribution, we discussed the impact of timing advance on 5G NR design for Non-Terrestrial Network. We made the following proposal:
Proposal 1: The applicability of the existing timing advance mechanism to non-terrestrial networks should be carefully studied. 
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