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Abstract
The objective of this document is to provide text for chapter 7.3.2.3 of TR 38.811. This chapter analyzes the impact of NTN systems on initial timing advance command sent in random access response message.

Proposed text for approval

It is proposed to add the following texts to TR 38.811 “Study on NR to support Non-Terrestrial Networks”.


* * * Start of changes * * * * (new text)
7.3.2.3 Impact on Initial TA during random access procedure
7.3.2.3.1 problem statement

The timing advance is used to control the uplink signal transmission timing of individual UE in order to ensure that arrival time of packets transmitted by all UEs are synchronized when received by the gNB. The timing advance command is provided to the UE during the initial access procedure  and later to adjust the uplink transmission timing for PUCCH/PUSCH/SRS. TA adjustment has been analyzed in chapter 7.3.2.2. 
This chapter focuses on the Timing advance command extracted from RAR (random access response ) message during initial access as it constraints the size of the cell. 


Figure 1: MAC RAR message (extract from TS 38.321)

The size of the Timing Advance Command field is 12 bits . But the TA range in RAR message is defined in TS 38.213 and is limited to values ranging from 0, 1, 2…, 1282 in latest versions of the specification officially released. This corresponds to a maximum cell size of 100 km for terrestrial network. Note that a version of 38.213 not yet officially approved but placed on the reflector, the timing advance command range has been extended  to 3846. In that case, the maximum cell size is 300 km.
  The timing advance () is given by:

where   is the subcarrier spacing configuration corresponding to a subcarrier spacing of ) kHz.
[bookmark: _Ref507147355][bookmark: _Toc507144965]Table 7.3-1: Maximum  and terrestrial link distance for 5G NR in FDD mode.
	Subcarrier spacing 
	15 kHz
µ= 0
	30 kHz
µ= 1
	60 kHz
µ= 2
	120 kHz
µ= 3
	240 kHz
µ= 4
	480 kHz
µ= 5

	(max: TA = 1282)
	0.67 ms
	0.335 ms
	0.1675 ms
	0.0838 ms
	0.0419 ms
	0.0209 ms

	 link distance (max: TA = 1282)
	100 km
	50 km
	25 km
	12.5 km
	6.3 km
	3.13 km

	link distance (max: TA = 3846)
	300 km
	150 km
	75 km
	37.5 km
	18.75 km
	6.2 km



Regarding link distance, the geometry is radically different  between terrestrial network, where gNB is closed to the ground, and NTN systems, where the antenna is at high altitude:
[image: terrestrial cell]
Figure 1: Terrestrial network, maximum cell size
For terrestrial system, d3 corresponds to the maximum cell radius, that can be accommodated by the maximum TA. Maximum Cell radius has been set to 100 km in Release 15 (TA of 1282), and extended to 300 km in 38.213 v15 (TA of 3846).
[image: satellite cell]
[bookmark: _Toc507347541]Figure 2: NTN systems, new geometry

For NTN systems, d1 is no more negligible compared to d3 especially for LEO and Geo deployments. Differential distance and delay needs to be taken into account:
 For NTN systems, knowing in real time the position of the satellite/HAPS allows computing the minimum distance (d1) within the gNB between the ground and the satellite/HAPS and remove it for range computation. Differential distance corresponds to:
 d2-d1, where d1 is the minimum distance between the beam foot print and the satellite/HAPS, and d2 is the distance between the NTN UE and the satellite/HAPS.

Differential delay corresponds to:
T2-T1, where T2 is the propagation time relative to d2, and T1 is the propagation time relative to d1.
Timing advance will be computed taking into account this differential delay. For example, a NTN UE located at the minimum distance between the beam foot print and the satellite/HAPS (i.e. at d1 from satellite/HAPS) will receive a 0 as TA command. In terrestrial network, this would correspond to a UE located closed to the gNB.
 In this case, if for terrestrial system d3 is limited to 300 km, for NTN systems, d2 is limited to d2 = d1+300 km. Depending on d1 and the position of the satellite/HAPS relative to the cell, this will lead to various d3 values, all of them greater than 300 km.
In the case of spot beam satellite systems, each spot beam can be assumed to be a cell. Therefore, differential distance (in figure below, d1,X is the minimum distance for cell X, and d2,X is the maximum distance for cell X) and timing advance is associated to each spot beam:
[image: multi beam satellite].
Figure 3: NTN systems, with multi satellite beams (Ecah beam foot print corresponds to a terrestrial cell)
The maximum cell size is obtained when the center of the cell is at the Nadir of the satellite or HAPS like cell 0 in Figure 3. 
In that case, using differential delay, it means that d2 can go up to d1 + 300 km with current specifications regarding TA range. The table below shows the maximum cell radius when the center of the cell  is at the Nadir of the satellite, as shown in Figure 2:
Table 7.3-2: Maximum .
	NTN system at the Nadir
	Altitude (d1)
	Maximum cell radius (d3)

	GEO
	35786 km
	4643 km

	MEO
	10000 km
	2468 km

	LEO
	1500 km
	995 km

	LEO
	600 km
	671 km

	HAPS
	20 km
	320 km



For HAPS, differential distance is not necessary and this technique could be avoided as d1 is limited (about 20 km) and the gain is negligible. For LEO and Geo deployments, the use of differential distance/delay is necessary.
The cell radius obtained when using differential distance/delay shown in Table 7.3-2 are sufficient to cover current satellite design. However, when the elevation angle is no more 90° but go down to 10°, the cell radius will decrease considerably and tend to reach back the 300km cell radius of terrestrial system. To compute the maximum cell radius, the following formula is used, to start computing the slant range, i.e., the distance between the satellite and the NTN user equipment:

Where:
D: slant range (distance between the satellite and the NTN user equipment)
RT: Earth Radius
Hs: Satellite Altitude at nadir
α: elevation angle of the considered point with respect to the satellite
Once D is computed, D’ and D’’ can also be derived:
[image: ]
Figure 4: slant range (D), and D’/D’’ computation
To compute the maximum cell radius, D” is a first time computed with D=d1, and then computed with D= d2=d1+300km (D’ is kept constant in the 2 computations). The difference corresponds to the maximum cell size.
Table 7.3-3: Maximum cell radius when satellite/HAPS is at 10° elevation angle
	NTN system at 10° elevation angle
	Nadir height (d1)
	Maximum cell radius (d3)

	GEO
	35786 km
	304,6 km

	MEO
	10000 km
	304.5 km

	LEO
	1500 km
	304.2 km

	LEO
	600 km
	303.9 km

	HAPS
	20 km
	301.2 km



7.3.2.2 Solution principles
With latest evolution of the specifications, terrestrial cell radius  supported by TA could go up to 300 km. 
For HAPS, without using the differential delay, the system can be viable using TA as defined in the specification, supporting cell radius of about 300 km.
For LEO and GEO deployments, differential delay needs to be introduced, to compensate with the minimum fixed delay between the satellite and the ground (within the footprint of the beam). In that case, the TA sent in the RACH response by the network includes the removal of this fixed delay. Of course, in case of moving satellite, this fixed delay needs to be updated by taking into account the propagation time of the information . Once the differential delay is taken into account, the size of the satellite cells are at least 300 km (at very low elevation angle) and can increase drastically for satellite at 90° elevation angle.
So, for GEO and LEO deployments, depending on the elevation angle the cell size could be sufficient with current technology to cover the need without modifying the TA range currently defined in  the specifications.
If the beam of the satellite is higher than the one supported by the TA, an extension of the TA range could be envisaged.
The last alternative is to design antenna on board of satellite to guarantee that cell size is supported by current TA range.

7.3.2.3.3 NR impacts
Current extension, in 38.213 v15, of TA range (up to 300 km) extracted from RAR message during initial access is sufficient to support satellite and HAPS beam size (< 300 km radius), by using differential delay concept, and upon system assumptions listed in previous chapter.
This has no impact on NR standards


 * * * End of Changes * * * *
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