


[bookmark: _Ref452454252]3GPP TSG RAN WG1 Meeting #96bis	R1-1904650
Xi’an, China, 8th – 12th April 2019

	Source:
	Nokia, Nokia Shanghai Bell

	Title:
	Doppler Compensation, Uplink Timing Advance, Random Access and UE Location in NTN

	Document for:
	Discussion and Decision

	Agenda Item:
	7.2.5.3


1 Introduction
A new Study Item (SI) on “Study on Solutions for NR to Support Non-Terrestrial Networks” was approved in RAN#80 meeting [1] and further updated in RAN#82 meeting [2] and RAN#83 meeting [3] with the considered scenarios of transparent GEO satellite and transparent/regenerative LEO satellite (moving beam on earth) for pedestrian UEs and on board vehicle UEs in NTN. The objectives of this SI for physical layer are as follows.
· Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
· Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
In this contribution, we shared our views on doppler compensation, uplink timing advance, random access and UE location for this SI.
2 Doppler Compensation
It is well understood and documented in TR 38.811 that especially UEs connected to LEO satellites see large Doppler shift variations. As example, for LEO satellites scenarios Doppler shifts up to +/- 45 kHz have been identified for the 2GHz frequency band. These large Doppler effects can lead to acquisition times which are considerably longer than those indicated for an AWGN channel. In more general it can be said that for both initial access, and for handover/cell reselection measurements (RSRP, RSRQ) this will lead to longer access times, as the exact Doppler frequency needs to be estimated and compensated before actual data/signalling/measurements can be initiated.
Observation 1: Larger Doppler shifts and variations lead to longer channel acquisition times.
To avoid this drawback, the effective value of Doppler shift can be estimated and used to eliminate (or minimize) the need to search the Doppler dimension. As in the case of LEO satellites the orbits of each satellites are known and propagation is typically free space propagation, the Doppler frequency for each location on earth can be pre-calculated at each time instant when the location and movement of the satellite and UE are known [TR 38.811 Section 8.4.2]. 
Observation 2: [bookmark: _Hlk4595658]Doppler shift can be estimated for all positions on earth when UE position and satellites orbits are known.
This information on the Doppler shift can be provided to the UEs, but variations in the Doppler shift will still happen due to UE movements, and the environment of the UE, so therefore the normal Doppler compensation mechanisms in the UE will still need to run. However, the information can help in decreasing channel acquisition times and thereby improve the system.
Proposal 1: [bookmark: _Hlk4779676]Provide information of the Doppler shifts in time for UEs where the network knows the UE position.
[bookmark: _Hlk4586857]At the same time not all UEs support GNSS, so the network may not know their location. In that case, the network may know a UEs approximate location through the method explained later in this contribution or after initial access, based on the initial Doppler compensation, Timing Advance compensation or neighbour cell measurements. With this information the network can indicate the estimate of the Doppler shift for the area the UE is located in. This will help the UE to lower its acquisition times even though not as much as the one shaving GNSS.
Proposal 2: RAN1 to study the possibility of indicating Doppler shifts versus time per area for UEs without GNSS.
[bookmark: _Hlk4587034]As we know above, without GNSS, the doppler shift pre-compensation can be achieved per cell in air-borne gNB side knowing the ephemeris of the LEO satellite and the foot print. Specific frequency correction can be applied in each beam foot print by the NTN network infrastructure. However, the air-borne gNB cannot do accurate pre-compensation for all the UEs in the spot beam, only a common frequency offset could be compensated by sacrificing another portion of UEs (e.g. for the UEs right beneath the Nadir point, have no velocity vector onto the line between UE-satellite since the UEs move in the tangent direction of the earth).  As a result, the DL carrier frequency offset still need be estimated in the UE side through the detection of CP/SSB/RS signal and the residual offset could further be refined in the random access procedure or even in the connected mode.
Proposal 3: The residual Doppler shifts need to be estimated through CP/SSB/RS detection and to be refined in the random access or even in the connected mode for the UEs without GNSS.
If high Doppler variation rate exists or dramatically channel change due to irresistible cause, only depending on the Doppler shifts estimation based on UE position and satellites orbits, or the CP/SSB/RS signal are not enough. As an enhancement, some system mechanism that is more robust to large Doppler shifts need to be setup, e.g. the modulation and demodulation schemes to resist large Doppler shifts.
Proposal 4: RAN1 to study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
3 Uplink Timing Advance
3.1 Uplink Timing Advance
The Timing Advance (TA) is used to align the received UL subframes of all UEs connected to a given gNB with the gNB’s DL subframes. For such, the UL transmitted subframe at the UE side has to be advanced by a TA that equals the round trip time (RTT) observed between the gNB and UE (see Figure 1 for example).  
[image: ]
[bookmark: _Ref4413761]Figure 1. Example for uplink timing advance
The uplink timing advance is provided by the gNB to the UE in the random-access response (RAR). The command includes an index , which results in a total TA of   [6], where the unit of  is given in 5G Time Units and the factor  defines the subcarrier spacing (SCS), such as . The Time Unit in 5G, , is equal to 
Table 1 shows the maximum distance compensated for different SCS using the current NR parameters. The distance is calculated assuming the speed of light is equal to  m/s, and that the maximum TA,  , shall correspond to the total RTT (2 times the distance between gNB and UE).  
[bookmark: _Ref4415771]Table 1. Maximum compensated distances by 5G TA on the RAR.
	SCS
	
	Max.  
	Max. distance compensated

	15 kHz
	1
	2 ms
	300 km

	30 kHz
	2
	1 ms
	150 km

	60 kHz
	4
	0.5 ms
	75 km

	120 kHz
	8
	0.25 ms
	37.5 km

	240 kHz
	16
	0.125 ms
	18.75 km


  
In NTN, the LEO satellites are orbiting at altitudes between 600 and 1200 km from Earth’s surface, which is way above the maximum distance covered by the uplink TA. The RAR message defined in [8] has fixed size and does not accommodate expansion of the bits reserved for the timing advance command (see Figure 2). 
[image: ]
[bookmark: _Ref4509003]Figure 2. RAR message in [8]
Observation 3: The distances between UE and gNB cannot be compensated by current TA range (12 bits) in the Random Access Response.
The closest point to the satellite in the Earth surface for a given beam can be used as a reference for TA, such that all users shall apply the common TA (reference TA), and the user specific TA on top of this common TA.
Observation 4: The common TA is the same for all users on the beam.
Proposal 5: The TA shall be comprised of a common plus a user-specific TA. The common TA shall be the same for all users on the beam. 
Proposal 6: The common TA must be broadcast by the gNB. 
The common TA, however, cannot be calculated for a user on the Earth’s surface. Imagine for example an airplane flying at an altitude, , of 20 km, whose connectivity is provided by a NTN’s satellite. When this airplane is flying above the nadir, its distance to the satellite is 20 km smaller than the distance observed by a user at nadir on the Earth’s surface (see Figure 3). The initial TA does not provide negative compensations for the TA, and therefore the common TA shall be such that the airplane’s TA can be accommodated within the TA command in the random access response. The same is valid for users on mountains or located at high-altitude locations. 
Proposal 7: The common TA must be located [25] km above Earth’s surface.
 

[image: ]
[bookmark: _Ref4417490]Figure 3. Example of UE altitude compared to that at nadir point on Earth’s surface
Table 2 shows reference values for the satellite coverage area and beam size for NTN networks. From this table it is possible to infer that the beam foot print at nadir (closest to the satellite) experiences a much smaller distance to the satellite then a beam located at the edge of the coverage area of the satellite (close to 40,000 km for GEO satellites). 
Observation 5: The common TA is different for a beam at nadir and a beam at the edge of the coverage area of the satellite.  
Proposal 8: The common TA must be assigned and transmitted per beam and not per satellite.
Also, in Table 2, it is possible to see that the maximum differential delay expected within a beam is 1.6 ms (GEO) and 0.65 ms. The 1.6 ms differential delay cannot be accommodated on the RAR’s TA for SCS above 15 kHz, whereas 0.65 ms cannot be accommodated for SCS = 60 kHz and 120 kHz, which are likely to be used for NTN systems in Ka band. 
This is not a problem for beams at nadir this do not represent any additional challenge regarding the TA (see scenario A in Figure 4). However, for beams located far from the nadir, the difference in the distance-to-satellite measured from two different users is approximated by the distance between these two users on the ground (scenario B in Figure 4). Therefore, for a beam of 500 km diameter, the TA has to cover approximately a range of 500 km even if using the common TA assignment. For the LEO cases, this distance is approximately 200 km. 
[bookmark: _Ref4421918]Table 2. Reference values for satellite coverage area from Table 4.2-2 in [5]
	
	GEO
	LEO (600 km altitude)
	LEO (1200 km altitude)

	Max beam foot print diameter at nadir (km)
	500
	200
	200

	Max distance between satellite and user equipment at min elevation angle (km)
	40,586
	1,932
	3,131

	Max differential delay within a beam
	1.6 ms
	0.65 ms (600km and 1200km)
	0.65 ms (600km and 1200km)



It is clear from Table 1 that the 500 km requirement cannot be fulfilled by any SCS, while the 200 km requirement can only be fulfilled by SCS = 15 kHz. 
Observation 6: The required TA range of NTN cells in the edge of the area covered by a satellite cannot be accommodated within the current NR TA range. 
Considering the scenario where the beams move with the satellite, the beams that face the challenge of accommodating the TA range are always the same. By adding a multiplication factor to the initial TA, , the range can be expanded by  times:

There is a loss in the resolution on the initial Time Advance command, that can be dealt with the subsequent time alignment commands during or after the random access phase. 
Proposal 9: In a system with non earth-fixed beams, the satellites may broadcast a scale factor, for the initial TA (S0 = 1, 2, 4, …) for expanding the TA range to accommodate for the beam size and user distance. 
Observation 7: The possible loss in resolution caused by the scale factor can be dealt with subsequent time alignment update commands during or after the random access phase.
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[bookmark: _Ref4422581]Figure 4. Transmission distance and beam radius 

3.2 Uplink Timing Advance Adjustment 
The subclause 7.3.2.1 in [9] states that the UE shall adjust its timing for UL transmission “at time slot n+ k for a timing advance command received in time slot n”. While subclause 7.3.2.2 defines the accuracy of the UE Timing Advance adjustment accuracy, which is shown in Table 3. 
[bookmark: _Ref4510193]Table 3. UE timing advance adjustment accuracy in subclause 7.3.2 of TS 38.133 [9] 
	Sub Carrier Spacing, SCS kHz
	15
	30
	60
	120

	UE Timing Advance adjustment accuracy
	±256 Tc
	±256 Tc
	±128 Tc
	±32 Tc

	UE Timing Advance adjustment accuracy in ns
	130
	130
	65
	16



However, for the LEO cases, the satellite is moving at very high speed (7.5 km/s), which means the distance between UE and satellite is subject to rapid variations. Because of this, Table 8.1-1 in [5], shows that the UE may be subject to up to ± 20 µs/sec of delay variation for the regenerative payload and ± 40 µs/sec for the transparent payload. Table 4 shows the maximum delay variation within the maximum RTT for a UE connected to a LEO (600 km).   
[bookmark: _Ref4511645]Table 4. RTT and delay for a regenerative LEO (600 km)
	Maximum Delay variation as seen by the UE

	Maximum RTT on the radio interface between the gNB and the UE
	Maximum delay drift within the maximum RTT

	Up to ± 20 µs/sec
	12.88 ms
	258 ns



Observation 8: The maximum delay variation in the air interface caused by the satellite movement (LEO), is above the UE Timing Advance accuracy. 
The maximum autonomous aggregate adjustment rate that the UE can apply to the time advance for distance variation compensation is defined in Table 7.1.2-3 of 38.133 [9]. For convenience these values are reproduced in Table 5.
Observation 9: The maximum autonomous aggregate adjustment rate on TA is below the required to compensate for the delay variation rate in a LEO system.
[bookmark: _Ref4512728]Table 5. Maximum Autonomous Aggregate Adjustment Rate for the TA on the UE side.
	Frequency Range
	SCS of uplink signals (kHz)
	Maximum Aggregate Adjustment Rate (per 200 ms)

	
	
	Tc
	ns

	1
	15
	5.5*64*Tc
	179

	
	30
	5.5*64*Tc
	179

	
	60
	5.5*64*Tc
	179

	2
	60
	2.5*64*Tc
	81

	
	120
	2.5*64*Tc
	81



The maximum adjustment step defined in [6] for one MAC CE element (1 octet) equals 32*16*64*Tc (see Table 5). 
Observation 10: In order to keep the UE time aligned, up to 10 MAC CE Commands are required for the higher SCS in regenerative LEO scenarios and up to 20 MAC CE Commands are required for the transparent LEO scenarios.  
[bookmark: _GoBack]The number of required MAC CE required for each UE on the satellite area tends to introduce significant overhead in the air interface. However, the satellite movement, therefore the air interface delay variation, are deterministic for user on Earth’s surface. Figure 5 shows the total delay variation in the air interface experienced after 1 second for different user positions within a satellite reachable area. It is possible to see that the variation is deterministic and depends on the beam area the user is located within the whole satellite coverable area.  
Observation 11: The network can assist the UE to compensate for TA variations depending on the beam the user is connected to.  
Proposal 10: To enable the UL TA adjustment in LEO scenarios, the UE shall be able to apply TA compensations above those defined in Table 7.1.2-3 of TR 38.133, with network assistance.  

[image: ] 
[bookmark: _Ref4602313]Figure 5. Air interface delay variation in Tc after 1 second, for different user positions within the reachable range of the satellite 
Figure 6 depicts the TA variation for different UE positions (numbered 1-8) caused by the satellite movement measured for a spherical Earth model. The curves are shown just for the time in which the users are within coverage range for the satellite, which explains why some curves are “shorter” than others. The curves are limited to approximately 500 seconds, given the largest time a UE can be reachable within coverage area for the moving satellite. The longitudinal position of the users in relation to the orbit axis defines different deterministic patterns which can be estimated based on the UE beam. By adding more autonomous compensation at the UE side the number of required MAC CE Commands to adjust the TA is reduced. 
Proposal 11: The gNB shall signal a function for TA Adjustment over time for each UE, minimizing the load on the air interface.  
[image: ]
[bookmark: _Ref4602352]Figure 6. At the left, representation of the satellite coverage area at instant t=0 and 8 UEs, marked by an X, positioned alongside a transversal axis; the satellite is moving toward the users. At the right side, the number of required TA steps updates for a 15 kHz SCS. 
4 RACH
For the non-terrestrial network, RTT to UE can be much larger than that in the terrestrial networks. Therefore, it is necessary to consider its impact on different aspects of NR design, including cell search, TA adjustment and RACH procedure. Huge propagation delay will lead to long random access (RA) procedure, the traditional gNB-UE hands-shaking based on legacy preamble transmission/retransmission will lead to huge access delay and long RA delay means long data transmission delay. Therefore it is necessary to shorten the random access transmission/retransmission delay based on the given satellite information for the purposes of efficiency and power saving. For MEO, LEO and HAPS in NTN network, there is a strong varying delay because satellite and UE are fast-moving and are not relatively static. As shown in Figure 7, in this case, there will be a stage where the satellite and the UE must sweep through the available antenna space until they find the proper beam pair (proper spot beam on proper satellite) to communicate. This is called the cell search (CS) procedure. And then UEs in idle mode could initiate a RA procedure in order to acquire specific information from the serving satellites and select the final serving satellite. During this procedure, there are huge power consumption and time delay because UE has to first beam aligned to the target gNB by exhaustive search from UE side, air-borne gNBs send the spot beams, UE does all-orientation space scanning for proper beam-pair. 
Proposal 12: Random access procedure should take into account the methods to avoid UE’s high power consumption and maintain the transmission reliability at the same time.
As an alternative, the UE actually could directly steer a beam in Msg.1 toward each air-borne gNB from the best direction based on UE and satellites positions, and the related air-borne gNBs do the UL measurement. The burden almost loads over the gNB side which is highly preferred. The candidate air-borne gNBs provide a signal quality metric in the Random Access Response (Msg.2) to allow the UE to select the best UL Tx beam.
Proposal 13: Random access procedure should take into account UE and satellite positions for UE UL transmission.
Based on the existing random access procedures in NR, the contention-based pattern in NTN also consists of four steps: 1) uplink preamble transmission from UE (Msg.1), here the common TA is included; 2) gNB transmits a random access response that contains RA-RNTI, RA-preamble identifier, timing advance command, backoff indicator (BI), temporary C-RNTI and the scheduling of uplink resource (Msg.2); 3) UE sends Msg.3 information containing uplink timing adjustment and UE identity; 4) gNB transmits Msg.4 to resolve the contention. 
Proposal 14: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
In addition, a NTN UE-Relay could be introduced between UE and air-borne gNB in DL synchronization and random access for efficient information exchange, playing a role of buffer, relay and controller. The introduction of NTN UE-Relay is something like the concept of terrestrial dual-connectivity. As an example, in the NTN discussion on HARQ, in case of deactivated HARQ, when it is required to guarantee a certain QoS, the HARQ operation can still be resumed (with a reduced latency) utilizing a dual-connectivity with a ground station in a terrestrial network offloading scenario. Once the UE is in the coverage of a terrestrial node together with the NTN node, the initial transmission can be sent over the NTN link, while HARQ retransmissions (other RVs) and HARQ ACK/NACK feedbacks can simply flow over the terrestrial links (i.e., rather than the unstable NTN links) as shown in Figure 7. Here the NTN UE-Relay is not the full featured air-borne gNB, it has the function of buffer, relay and control and in a sense, a relay/IAB entity could be used instead of the NTN UE-Relay. The system information (e.g. air-borne gNB locations) could be fast acquired through NTN UE-Relay which effectively for fast network access.
Proposal 15: NTN UE-Relay could be introduced between UE and air-borne gNB for efficient information exchange to support fast access due to large propagation delay.
[bookmark: _Ref4598943]Figure 7.  NTN and NTN UE-Relay joint deployment scenario

5 PRACH
Large frequency uncertainties, propagation delays and pathloss figures between satellite and terminal may impose significant PRACH performance limitations. 
5.1 High Delays
The CP for RA preamble is specified to conduct timing advance estimation in specific terrestrial scenarios. The RTT in NTN may be orders of magnitude larger than for terrestrial networks. It has been proposed to employ GNSS information in order to obtain timing advance estimates at the UE. Unfortunately, GNSS information is not always available. In this situation the gNB may conduct timing advance estimations under different offset hypotheses within a detection window. Under the different hypotheses the one with highest correlation figure is selected as the “true” hypothesis. The offset between different hypotheses can be as large as one CP. If prior knowledge of a common delay figure within a beam can be exploited at UE, then the PRACH detection window at gNB side can be as small as two times the maximum expected differential delay within a beam. Another possibility to overcome the large delay issue is that the UE transmits subsequently several different preambles with different timing advance hypotheses. The UE may receive a random access response from the gNB containing information on the detected preamble and the timing advance. This timing advance plus the hypothesis advance is the total timing advance.
Observation 12: Delays may be determined via proprietary timing advance estimation algorithms.
5.2 High Pathloss
Depending on the satellite constellation, the free space pathloss is on the order 150-214 dB. Even with high antenna gain figures at gNB detection of a RA preamble may be a challenge. One possibility to overcome high pathloss is to repeat sequences within a preamble, and further gains beyond sequence repetitions may be obtained via employing coherent signal combining instead of non-coherent combining schemes.
Observation 13: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.
5.3 Large Doppler Frequency Shifts
Even with pre- and post- compensation there may be still significant residual Doppler shifts. RA preambles of length 839, unless higher subcarrier spacings are allowed, may not be a good choice because the available subcarrier spacings do not allow significant Doppler shifts. Another disadvantage is that restricted sets should be employed in scenarios with high (residual) Doppler shift. Therefore, RA preambles of length 139 with a minimum SCS to 15 kHz seem to be a better choice. Larger subcarrier spacings can be obtained via applying scaling factors. Scaling factors currently available for FR1 and FR2 may not be enough when residual Doppler shifts are large. Therefore, higher subcarrier scaling factors should be studied for FR1 and FR2. UE specific frequency offset estimation might be conducted on the received RA preamble signals at gNB.
Observation 14: Preamble formats with length 139 are preferred in NTN.
Proposal 16: Study support of higher subcarrier scaling factors for short (139) and long (839) RA preamble sequences for both FR1 and FR2.
Proposal 17: Study frequency offset estimation on received RA preamble signals.
5.4 Format
In order to mitigate RA detection impairments caused by large delays, pathloss and frequency uncertainties a new preamble C1 might be preferred. The preamble is similar to the C2 preamble format, but has CP length equal to sequence length, more symbol repetitions and supports higher scaling factors. Support of higher scaling factor may be restricted to the new format.
	FR1: 
	FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



The Figure 8 shows the missed-detection performance of the format C2 and the proposed format C1 and in SISO configuration, AWGN channel, non-coherent signal combining and 2 GHz carrier frequency. The RA subcarrier spacing is 120 kHz (=3). The results show that very low missed-detection rates can be achieved even in presence of large one-way Doppler shifts. A higher number of symbol repetitions decreases the minimum required SNR for 1% missed detection.

[image: ]
[bookmark: _Ref4600972]Figure 8. Missed-detections as function of SNR. Blue/red lines are for low/high one-way Doppler shifts. Solid/dashed lines are for 12 (C1 format) / 4 (C2 format) symbol repetitions.


Proposal 18: One new short preamble format for NTN will be expected.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



The total number of available preambles depends on the preamble sequence length, but currently supported subcarrier spacings for preamble format 0,1 and 2 may be not adequate in systems with high residual frequency uncertainties. A natural way to overcome this limitation is to introduce subcarrier scaling to 839 long preamble sequences. We propose to support at least .
Proposal 19: Investigate support of higher subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2. 
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	0
	839
	 kHz
	
	
	Type A, Type B

	1
	839
	 kHz
	
	
	Type A, Type B

	2
	839
	 kHz
	
	
	Type A, Type B



6 UE Location
It has been identified in TR 38.811 that the UE positioning information is beneficial for uplink timing advance and random access in NTN in terms of Doppler compensation and delay compensation [4]. RAN3 also has raised the issue of positioning to identify the located countries for NTN UEs [10].
6.1 Positioning Purposes
Uplink timing advance was described in section 3. Besides the methods presented there, there would be a benefit from knowing the position as the timing advance is largely predictable from the satellite positions and movements for a given location on earth. In NTN, the timing advance correction for one UE could be divided into satellite-specific common delay and UE-specific differential delay, where the satellite-specific common delay is known due to predictable satellite motion and can be broadcasted to the UE. The UE-specific differential delay can be estimated based on the random access preamble, and/or based on the UE positioning information. 
Observation 15: UE-specific differential delay in NTN can be estimated based on random access preamble and/or based on UE positioning information.
The UE positioning information can be derived at the UE side (for example by using GNSS positioning and/or other positioning solutions) and/or derived at the network side. Therefore, it is proposed to study the mechanism of UE-positioning-information-based uplink timing advance in this SI for NTN. The uplink timing advance of one UE might be changed due to the relative motion of this UE and its serving satellite, where the speed of the UE is about up to 1000 km/h, and the orbital speed of the serving satellite is up to [27000] km/h. Therefore, the UE-positioning-information-based uplink timing advance adjustment due to the relative motion of UE and satellite also can be studied.
Proposal 20: Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
The Doppler shift is described in section 2 and as mentioned the acquisition times can be lowered if the network knows the location of the UEs. Therefore, it is proposed to study UE positioning for the Doppler pre-compensation in NTN. 
Proposal 21: Study UE positioning techniques in NTN for Doppler pre-compensation.  
NTN is expected to provide global, or at least multi-country coverage. This imposes new challenges as compared to the national terrestrial networks. RAN3 has discussed this and concluded that it important to know the location of a UE at country level [11].  
Proposal 22: Study UE positioning techniques in NTN for country identification. 
6.2 TOA Based Positioning for NTN
It was concluded in [12] that existing methods do now function well for moveable satellites and therefore a new method was proposed with the following steps:
· Step 1: Complete the downlink synchronization, obtain the satellite positioning information, and measure ToA of the reference signals from the interested satellites. This can be done while the UE is in idle mode.
· Step 2: Transmit the ToA information to the network, which determines the UE position or have the UE determine its own position. 
· Step 3: Apply this to the procedures described in this contribution.

The downlink frequency and time offset for downlink synchronization in Step 1 can be obtained by downlink frequency scan and tracking at the UE side so that the UE will be able to receive the primary synchronization signal and the secondary synchronization signal of the interested satellite points for network synchronization, and then obtain the location and motion information of these satellite points by system information from these satellite points. Additionally, the UE also needs to measure ToA of the reference signals of these satellite points as shown in Figure 9 with the details below.

· At Time t1, the UE measures the ToA1 to satellite cell 1 at orbit 1. 
· At Time t2, the UE measures the ToA2 to satellite cell 2 at orbit 2 or satellite cell 1 at a second position. As the satellites move the location is different and provided the satellite has moved enough we can reuse the same satellite cell.
· At Time t3, the UE measures the ToA3 to satellite cell 3 at orbit 3 or of satellite 1 or 2 at a third position.

Note that Time t1, Time t2 and Time t3 might be same or different, and the TOA can be measured on the same reference symbols as OTDOA and more than 3 measurement instants can be used to gain higher accuracy.
 [image: ]
[bookmark: _Ref4600287]Figure 9. Illustration of the TOA based positioning method for NTN
In principle the UE can either derive its own location and motion information in Step 2 based on the information obtained in Step 1, i.e. measured ToA, satellite location and motion information and downlink frequency and time offset, or it can provide the network with this information, such the network can estimate the position. In the latter case the UE transmits the TOA’s (plus cell ID) measured together with a timestamp to the network. It should be noted that the UE may move during the location procedure and this may affect the accuracy. 
To enable the ToA based positioning discussed in this section for NTN for Doppler compensation, delay compensation and located country identification, the minimal enhancement is to broadcast satellite location and velocity information by system information, and send the ToA measurement information or UE location information to the network. 
Proposal 23: Broadcast satellite location and velocity information by system information, and send the TOA measurement information or UE location information to the network.
Proposal 24: Include the TOA based positioning method for NTN into TR 38.821.
7 Conclusions
In this contribution, we share our views on Doppler compensation, random access, uplink timing advance and UE location for NTN with following observations and proposals.
Observation 1: Larger Doppler shifts and variations lead to longer channel acquisition times.

Observation 2: Doppler shift can be estimated for all positions on earth when UE position and satellites orbits are known.
Proposal 1: Provide information of the Doppler shifts in time for UEs where the network knows the UE position.
Proposal 2: RAN1 to study the possibility of indicating Doppler shifts versus time per area for UEs without GNSS.
Proposal 3: The residual Doppler shifts need to be estimated through CP/SSB/RS detection and to be refined in the random access or even in the connected mode for the UEs without GNSS.
Proposal 4: RAN1 to study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
Observation 3: The distances between UE and gNB cannot be compensated by current TA range (12 bits) in the Random Access Response.

Observation 4: The common TA is the same for all users on the beam.
Proposal 5: The TA shall be comprised of a common plus a user-specific TA. The common TA shall be the same for all users on the beam. 
Proposal 6: The common TA must be broadcast by the gNB. 
Proposal 7: The common TA must be located [25] km above Earth’s surface.
Observation 5: The common TA is different for a beam at nadir and a beam at the edge of the coverage area of the satellite.  
Proposal 8: The common TA must be assigned and transmitted per beam and not per satellite.
Observation 6: The required TA range of NTN cells in the edge of the area covered by a satellite cannot be accommodated within the current NR TA range. 
Proposal 9: In a system with non earth-fixed beams, the satellites may broadcast a scale factor, for the initial TA (S0 = 1, 2, 4, …) for expanding the TA range to accommodate for the beam size and user distance. 
Observation 7: The possible loss in resolution caused by the scale factor can be dealt with subsequent time alignment update commands during or after the random access phase.

Observation 8: The maximum delay variation in the air interface caused by the satellite movement (LEO), is above the UE Timing Advance accuracy. 

Observation 9: The maximum autonomous aggregate adjustment rate on TA is below the required to compensate for the delay variation rate in a LEO system.

Observation 10: In order to keep the UE time aligned, up to 10 MAC CE Commands are required for the higher SCS in regenerative LEO scenarios and up to 20 MAC CE Commands are required for the transparent LEO scenarios.  

Observation 11: The network can assist the UE to compensate for TA variations depending on the beam the user is connected to.  
Proposal 10: To enable the UL TA adjustment in LEO scenarios, the UE shall be able to apply TA compensations above those defined in Table 7.1.2-3 of TR 38.133, with network assistance.  
Proposal 11: The gNB shall signal a function for TA Adjustment over time for each UE, minimizing the load on the air interface.  
Proposal 12: Random access procedure should take into account the methods to avoid UE’s high power consumption and maintain the transmission reliability at the same time.
Proposal 13: Random access procedure should take into account UE and satellite positions for UE UL transmission.
Proposal 14: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 15: NTN UE-Relay could be introduced between UE and air-borne gNB for efficient information exchange to support fast access due to large propagation delay.
Observation 12: Delays may be determined via proprietary timing advance estimation algorithms.

Observation 13: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.

Observation 14: Preamble formats with length 139 are preferred in NTN.
Proposal 16: Study support of higher subcarrier scaling factors for short (139) and long (839) RA preamble sequences for both FR1 and FR2.
Proposal 17: Study frequency offset estimation on received RA preamble signals.
Proposal 18: One new short preamble format for NTN will be expected.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 19: Investigate support of higher subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2. 
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	0
	839
	 kHz
	
	
	Type A, Type B

	1
	839
	 kHz
	
	
	Type A, Type B

	2
	839
	 kHz
	
	
	Type A, Type B



Observation 15: UE-specific differential delay in NTN can be estimated based on random access preamble and/or based on UE positioning information.
Proposal 20: Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
Proposal 21: Study UE positioning techniques in NTN for Doppler pre-compensation.  
Proposal 22: Study UE positioning techniques in NTN for country identification. 
Proposal 23: Broadcast satellite location and velocity information by system information, and send the TOA measurement information or UE location information to the network.
Proposal 24: Include the TOA based positioning method for NTN into TR 38.821.
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