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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 agreements in the RAN1#97 meeting include
	· Performance evaluations of the synchronization for DL are encouraged. For these evaluations, 
· For LEO systems, beam specific pre-compensation of the common frequency shift at satellite with respect to the spot beam center can be considered.
· For UL frequency compensation at least in LEO systems:
· Both open and closed-loop can be studied 
· Beam specific post-compensation of common frequency offset at gNB can be considered
· FFS: Further indication of common frequency offset
· FFS: Signalling details
· FFS: Compensation of common frequency offset at UE side
· For Open-loop method:
· Estimation of UE-specific frequency offset and pre-compensation at UE side can be conducted based on:
· DL RSs
· UE location and satellite ephemeris
· FFS: Determination of UE location
· The scenarios where the Rel-15 PRACH design is sufficient and the scenarios where an extended or new PRACH design is required should be identified as part of the study.


The agreements in the RAN1#98 meeting include
	· For DL initial synchronization in NTN, 
· SSB design in Rel-15 can provide robust performance in the following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Whether SSB design in Rel-15 can provide robust performance for LEO without Doppler pre-compensation
· Factors that need to be considered include at least latency and complexity for SSB detection
· Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking
· Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design
· For UL frequency compensation at least in LEO systems, parameter(s) for frequency correction can be indicated by gNB to UE
· FFS: Signaling details including whether signalling is broadcast or UE specific, and which parameter(s) are signalled.
· Following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling


In this contribution, we shared our views on doppler compensation, uplink timing advance, random access and UE location for this SI.
2 DL Synchronization
For non-stationary satellites, the DL Doppler shift and the UL timing advance of one fixed UE vary over time according to the functions related to UE location, satellite altitude and velocity, and carrier frequency as shown in the example provided in Figure 1 (LEO scenarios with Ka band). Therefore, during DL synchronization for non-stationary satellites, the UE might be able to estimate its UL timing advance, DL Doppler shift and UE location by tracking time and frequency shift of DL reference signal, for example synchronization reference signal. The estimated information can be used for UL Doppler compensation and UL timing advance adjustment in uplink transmission (including following random access procedure) and UE location for positioning purpose. Since this is time-and-frequency-tracking-based solution, even the UE location is not fixed, the estimate information can be updated with UE movement because the satellite movement is main factor resulting in time and frequency shift in NTN. 
Observation 1: [bookmark: _Ref21126660]UE might be able to estimate its UL timing advance, DL Doppler shift and UE location by tracking time and frequency shift of DL reference signal during DL synchronization for non-stationary satellites. 
Proposal 1: [bookmark: _Ref21126215]Time-and-frequency-tracking-based solution for the estimate of UL timing advance, DL Doppler shift and UE location during DL synchronization can be studied.
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              (a) Satellite & UE                                (b) DL Doppler shift                                (c) UL timing advance
[bookmark: _Ref21099028]Figure 1. Example of DL Doppler shift and UL timing advance in LEO with Ka band
3 Doppler Compensation
3.1 DL Doppler Compensation
The DL Doppler shift in NTN, especially in LEO scenarios, might result in longer acquisition time for initial access and cell reselection. One potential solution for DL Doppler compensation is beam-specific common frequency pre-compensation at the network side due to the known information for satellite orbit and satellite beam centre. In this solution, the rest differential frequency offset observed by fixed UE corresponding to its geographical beam can be controlled within ± 80 kHz @ 20GHz carrier frequency in DL as shown in Figure 2-(a). The geographical beam of one UE is the beam where this UE is geographically located. This DL Doppler shift is acceptable for UE. However, besides this geographical beam, UE also needs to measure the signal and/or receive data from the neighbouring beams of same satellite or even different satellites. Therefore, even the beam-specific common frequency offset has been pre-compensated at the network side, UE-specific frequency offset compensation is still needed for multi-beam measurement and receiving, as shown in Figure 2-(b).
Proposal 2: [bookmark: _Ref21126231]DL Doppler compensation is needed at the UE side for multi-beam measurement and receiving even the beam-specific common frequency offset has been pre-compensated at the network side.
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                                  (a) Satellite coverage                                                     (b) Beam geographical coverage
[bookmark: _Ref16893917]Figure 2. DL Doppler shift in Ka band
As shown in Figure 2-(a), the DL Doppler offset observed by one UE for two given beams is almost fixed due to the beam-specific common Doppler pre-compensation at the satellite side. In this case, the UE can get the DL carrier frequency of one given beam based on the DL carrier frequency of its serving beam and the beam-specific common Doppler compensation information of its serving beam and this given beam. Therefore, the satellite beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE so that this UE is able to quickly switch the carrier frequency from one beam to another beam for DL receiving and measurement corresponding to these neighbouring beams.  
Proposal 3: [bookmark: _Ref21126259]The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for DL multi-beam transmission to this UE in NTN.
3.2 UL Doppler Compensation
In UL transmission, the beam-specific common frequency offset can be post-compensated at the network side due to the known information for satellite orbit and satellite beam centre. In this case, for the link between one UE and its geographical beam, the maximal differential frequency offset observed by this geographical beam is up to ± 180 kHz in Ka band if without Doppler compensation at the UE side as shown in Figure 2-(b). However, for the links between this UE and its non-geographical beams, the maximal differential frequency offset observed by the non-geographical beams might be up to more than 2000kHz in Ka band if without Doppler compensation at the UE side as shown in Figure 2-(a). Since, during handover procedure, one UE might need to communicate with multiple beams in one satellite or multiple satellites, UL Doppler compensation at the UE side is needed for multi-beam transmission even the beam-specific common frequency offset is post-compensated at the network side.
Proposal 4: [bookmark: _Ref21126275][bookmark: OLE_LINK3][bookmark: OLE_LINK4]UL Doppler compensation at the UE side is needed for multi-beam transmission even the beam-specific common frequency offset is post-compensated at the network side. 
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                                  (a) Satellite coverage                                                     (b) Beam geographical coverage
Figure 3. UL Doppler shift in Ka band
Similar to Doppler compensation for multi-beam DL transmission, the serving beam can send UL Doppler compensation information to the UE for its neighbouring beams so that the UE is able to do UL Doppler pre-compensation before sending UL signalling/data to its neighbouring beams since the differential UL Doppler shift of two beams is almost fixed as shown in Figure 2-(a). 
Proposal 5: [bookmark: _Ref21126300]The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for UL multi-beam transmission from this UE in NTN. 
3.3 ICI-Cancellation
In addition, if the differential carrier frequency offset CFO ＞5 ppm (about 10kHz in S band and 100 kHz in Ka band) considering a high-speed moving UE, the ICI-mitigation modulation scheme could be conducted either at the UE side or at the gNB side to make the NTN system more robustness for carrier frequency offset. At this time, all data symbol could be mapped onto a pair of two adjacent subcarriers in frequency domain to achieve frequency diversity, e.g. , where  is the signal in the transmitter in frequency domain. The received signal could be demodulated as 

where  and  are weighted coefficients,  is phase offset. In this way, the system is more robust to the residual carrier frequency offset caused by Doppler offset to some extend when the normalized frequency offset  (30KHz if SCS is 60 kHz @ 2GHz carrier frequency). If the differential carrier frequency offset CFO ≤5 ppm, then common compensation is feasible as described above.
Proposal 6: [bookmark: _Ref21126315]Study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
4 Uplink Timing Advance
4.1 Common Delay
In RAN#98, it has been agreed that the following options can be considered to support TA adjustment for UL transmission:
· Option 1
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS: how to compensate the TA, e.g., full TA or only UE-specific differential TA 
· Note: If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame should be managed by network and acquisition of common TA is needed.
· FFS: additional TA signalling from BS considering the potential inaccuracy.
· Option 2
· Indication of common TA to all users within the coverage of the same beam with broadcasting as a baseline for signalling, e.g., via SIB/MIB
· FFS: additional UE-specific differential TA signalling from BS.
· FFS: the reference point(s)  for common TA calculation
· Additional enhancements to existing TA signaling in Rel-15 can be considered for TA maintenance
· Parameters indicated by gNB to enable the TA adjustment
· Cell/UE-group specific signalling
It has been agreed that applying a Common Delay is necessary to mitigate in the systems the effect of the very large distances between the UEs and the satellites. Since then, it has been raised that the common delay may be applied either at the network side or at the UE side. When applied at the UE side, all UEs shall apply a Timing Advance that equals the common delay broadcast by the gNB plus the differential one (i.e. UE-specific). In case of UE with positioning capability, using autonomous compensation, the timing advance will correspond to the total PHY delay. When applied at the gNB side, the network will consider that the UL reference time at the gNB is shifted by two times the common delay, and only the differential part of the delay will need to be compensated in the UL timing advance by the user. However, if the network applies the common delay on its side, the amount of delay already compensated at the gNB will be transparent to the UEs. Therefore, unless the common delay is broadcast by the network, UEs with positioning capability will not be able to know how much of delay has been already compensated by the gNB, and consequently will not be able to determine how much of TA still needs to be compensated on its side.
Observation 2: [bookmark: _Ref21126676]The common delay shall broadcast by the gNB, regardless if it has to be compensated by the UE or by the gNB.
But even in this case, in the scenarios where steerable beams are used, the gNB will move relatively to the cell position, changing the common delay, which means the UL reference timing in the gNB reception shall be constantly drifting, which may be a complex task to perform.
Proposal 7: [bookmark: _Ref21128040]The common delay shall be compensated at the UE side.
4.2 Autonomous TA Compensation by UEs with Positioning Capability
[bookmark: _Hlk21085025]When UE positioning capabilities (for example, GNSS positioning or tracking-based positioning) are enabled at the UE side, they can be used to enhance the UL TA at the UE side and minimize the amount of signalling required, especially in LEO systems, to convey updated UL TA information. However, in some situations, the positioning function at the UE side may lose accuracy to acquire/update the UE position, which may lead to loss of accuracy in TA beyond the accepted values in Error! Reference source not found.. In this case, the network may be able to recognize this as the source of the problem and to temporarily disable the autonomous correction of TA by the UE. 
Proposal 8: [bookmark: _Ref21082836]The gNB should be informed whether the UE is applying autonomous acquisition of TA by positioning solutions.
Proposal 9: [bookmark: _Ref21082899]The gNB may temporarily disable the autonomous acquisition of TA by positioning solutions at the UE side.
4.3 Uplink Timing Advance in Random Access Response
In the Random Access Response, the gNB provides the UE the value of TA offset to be applied for the next UL transmission. As it was firstly designed for an initial TA = 0, in terrestrial networks, this message does not allow negative values for TA steps. 
Proposal 10: [bookmark: _Ref21006032]The common delay provided by the network shall be at most equal to the minimum TA allowed within a cell.
Moreover, in RAN2#107, a TP has been agreed to update the reference scenarios and parameters [16]. The agreement has set the maximum differential delay in LEO and GEO cells accounting for cell sizes up to 500 and 1500 km, respectively, as depicted in Table 1. 
[bookmark: _Ref20915085]Table 1. Maximum Differential Delay in NTN
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max differential delay within a cell 
	10.3 ms
	3.12 ms  and 3.18 ms for respectively 600km and 1200km altitude



The differential delay between two points within a cell is defined as the difference in the one-way delay measured by these two points in relation to the gNB. 
Observation 3: [bookmark: _Ref21126686]To keep two UEs time-aligned, the differential delay has to be compensated twice (round-trip) during the UL timing advance procedure.
[bookmark: _Ref4415771]Table 2. Maximum compensated distances by 5G TA on the RAR
	SCS
	
	Max. Timing Advance 
	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 3GPP NR current specification, the maximum delay range that can be accommodated in the Random Access Response (RAR) message is depicted in Table 2. 
Observation 4: [bookmark: _Ref21126694]The maximum differential delay expected in NTN cannot be accommodated within the 12-bits of the RAR message in current specification.
There are two ways to overcome this problem: a) extending the UL TA range of the RAR message; b) accommodate UEs initial transmission within the current UL TA range on RAR.
Extending the UL TA range in RAR
The most natural way of doing the extension of the RAR message is to increase the number of bits in the RAR message. However, 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 4). In order to include more bits to convey the UL initial TA in the RAR, it is necessary to develop an alternative RAR message exclusively for NTN users, or to reassign the fields contained in the current message. While the first is not in accordance to the principle of minimum changes on the specifications, the second limits the UL grant possibilities. 
Another way to increase the TA range on the RAR message is by increasing the step size corresponding to the bits in the RAR message. This can be done by introducing a scaling factor,  broadcast by the network that multiplies the TA step size in the RAR message, defined in [8], by a factor . For example, if the scaling factor in transmitted in SIB 1 or in a NTN-specific SIB then both UE and gNB can be implicitly in accordance of the scaling factor to be used before the Random Access procedure is started. The effects of the loss of granularity in the TA scale should be further studied.
Proposal 11: [bookmark: _Ref21006050]In NTN systems, the gNB can broadcast a scale factor, for the initial TA (S0 = 2, 4, …) for expanding the TA range when cell size requires. The UE has to have access to the scaling factor before the Random Access procedure is started. 
Proposal 12: [bookmark: _Ref21006058]Potential effects of the change in granularity of the TA step size in RAR and the maximum scaling factor allowed for each SCS should be further studied. 
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[bookmark: _Ref21133058]Figure 4. RAR message in [8]
Accommodating UEs initial transmission within the current UL TA range on RAR
Alternatively, to increase the range of the TA range in the RAR, the impact of larger cells over the RA procedure may be mitigated by minimizing the differential delay admitted in the initial RA attempt. This can be done, for example, by configuring multiple RA occasions with each occasion only monitoring the RA attempts within the time range covered by the RAR message size. 
In this case, the UE whose experienced delay is above the range allowed, will perform a new RA attempt after introducing an offset time factor,  in another RA occasion before the next attempt. The value of  and multiple RA occasions could also be broadcast by the gNB. 
Proposal 13: [bookmark: _Ref21084003]The network may set a number of consecutive RA attempts with an offset time factor and broadcast this information to reduce keep the timing error in RA within the TA range of the RAR.
Clearly, the higher the number of attempts needed, the higher is the overhead on the PHY resources and the interference caused by RA attempts. For some SCS, if the maximum cell size is used, several RA attempts may be needed. For instance, considering the cell size of 500 km, and the TA range values observed in Table 2, up to 13 attempts may be needed for a SCS of 120 kHz.
[bookmark: _Hlk21075121]The try-and-error procedure can be optimized with further assistance of the network. By transmitting the delay value to be applied at different geographical reference points: 
i) In the first access, if the UE is not able to determine the closest reference, it falls back to the try-and-error method. 
ii) In subsequent accesses, whether in the same cell or in another cell of a different satellite, the UE can look for the same reference point on the broadcast message.
(1) Unless the UE has moved considerably in the interval between subsequent accesses, it will be able to find the same reference point in the broadcast and will minimize the number of tries needed to get the RAR. 
(2) The gNB can use TA Update Command to assist the UE update its reference point when the UE is connected to the network.
Based on this assessment we have the following proposal:
Proposal 14: [bookmark: _Ref21128097]The expected delay at pre-determined geographical reference points may be broadcast by the satellite to assist the RA procedure and minimize the impact of the differential delay in the RAR. 
Another way to minimize the overhead caused by multiple RAR attempts is to use it in combination with the scaling factor. It can be further studied for the best combination, which reduces the loss of granularity but also the number of RA attempts needed in the system. 
Proposal 15: [bookmark: _Ref21128101]The scaling factor and the consecutive RA attempts may be used in combination to minimize the impact of both solutions in solving the RA range problem.  
4.4 Time Advance Adjustments
Table 3 (which corresponds to Table 7.1.2.1-1 in [9]) shows the maximum autonomous adjustment time adjustment step that can be applied by a UE when the timing error between the UE and the timing reference, based on measurements of the synchronization channels, exceed the maximum UE clock accuracy error. The value of Tc in this table is approximately 0.5 ns, and the autonomous compensation can be applied if the following constraints are followed [9]:
“1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.”
[bookmark: _Ref20914083]Table 3. Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE: Tc is the basic timing unit defined in TS 38.211 [6]


However, for the LEO cases, the satellite is moving at very high speed (7.5 km/s) relative to Earth, 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, which is much above the maximum autonomous time adjustment allowed in Table 3.

In order to keep the UE time aligned the network may produce additional signalling information, in form of TA MAC CE commands. Each of this commands can produce index values of  = 0, 1, 2,..., 63, such that the total offset to be applied in the current timing reference equals , for a SCS of  kHz [7].
Observation 5: [bookmark: _Ref21126703]In the worst-case scenario, with a SCS of 120 kHz, up to 10 (20) MAC CE commands are required in the regenerative (transparent) scenario for a LEO-600 km NTN satellite.
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[bookmark: _Ref21129796][bookmark: _Ref20919158]Figure 5. Air interface delay variation in Tc after 1 second, for different user positions within the reachable range of the satellite 
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 (LEO 600 km). 
Observation 6: [bookmark: _Ref21126714]The network can assist the UEs by providing information that enables autonomous compensation beyond those defined in Table 7.1.2-3 of TR 38.133.
As the satellite movement is deterministic, so it is the time advance variation caused by it. Therefore, it is possible to infer what would be the time variation in future instants based on current UE position. 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. 
[image: ]
[bookmark: _Ref21133245]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. 
For the sake of example, these 8 curves can be converted into a “codebook” as samples of different TA variation patterns. If the UE is able to retrieve these patterns and in which position alongside the curve it is currently located than it can compensate the TA for any point in future based on this line. For illustrating this, consider the example where these lines are approximated by polynomial functions of third degree,

where  defines the index for the position along the polynomial curve, mapped to the following range:  Following this definition, Table 3 provides the example of a “codebook” where predefined parameters for the polynomials are stored, where  is the index for each of the reference polynomial functions.



Table 4. Example of Set of 8 functions for mapping the curves of Fig. 4
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By assigning initial  and   based on the closest beam center, using the methodology described in Figure 7 than, the number of MAC CE Commands required to maintain the TA is drastically reduced, as shown in Figure 8, for a SCS of 120 kHz. In this figure, the minimum number of commands is calculated considering the maximum adjustment possible for one MAC CE Command.  

[image: ]
[bookmark: _Ref20924280]Figure 7. At the left side, the criteria to choose  (the transversal distance of the beam center to the orbit line). At the right side, the criteria to choose  (the position of the beam center along the line parallel to the satellite orbit. 

[image: ]
[bookmark: _Ref20924288]Figure 8. The minimum number required of required MAC CE commands required to maintain the UL TA aligned after 1 second for a SCS of 120 kHz. At the left side, the UE cannot apply autonomous compensation, while at the right side the UE applies autonomous compensation based on the codebook. 
Proposal 16: [bookmark: _Ref21128105]The network can signal an adjustment function to be applied over time for a UE minimizing the load on air interface. The signalling can be either an index for a predefined function (in RRC for example) or parameters for a predefined function format.
Alternatively, the gNB can broadcast the TA adjustment function index for the geographical reference points used for random access. The UE can listen to the broadcast and use the TA adjustment function of its associated reference point for uplink timing advance. In this case, infrequent and minor TA adjustment for individual UE can still be provided by the gNB through TA Update command. 

Proposal 17: [bookmark: _Ref21128110]The network can broadcast TA adjustment function for geographical reference points on earth for the UE to determine its TA based on the nearest reference point.
5 RACH
5.1 RACH without NTN UE-Relay Node
5.1.1 RACH with UE Location Information
The RTT between gNB and UE in NTN can be much larger than that in terrestrial network. 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 result in long random access procedure. Additionally, the traditional gNB-UE hand-shaking based on legacy preamble transmission/retransmission will result in huge access delay. Moreover, long random access 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 9, in this case, there will be a stage where satellite and 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 cell search procedure. And then the UE in idle mode could initiate a random access 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 align beam to the target gNB by exhaustive search from UE side, and do all-orientation space scanning for proper beam-pair. 
Proposal 18: [bookmark: _Ref21128116]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 19: [bookmark: _Ref21128120]Random access procedure should take into account UE and satellite positions for UE UL transmission if UE location information is available.
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 fine adjusted TA and Doppler compensation are included if  UE has location information as shown in Figure 9; 2) gNB transmits a random access response that contains RA-RNTI, RA-preamble identifier, further 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 20: [bookmark: _Ref21128128]The fast random access procedure mechanism is needed due to long propagation delay in NTN.
5.1.2 RACH without UE Location Information
For the UE without location information in Figure 10, the uplink Msg.1 preamble only includes the rough adjusted common TA and the common Doppler compensation. Another problem is to solve the mismatch between UE RA-RNTI and gNB RA-RNTI. UE calculates the UE RA-RNTI based on the time when sending Msg.1, gNB calculates the gNB RA-RNTI based on the time when receiving Msg.1. gNB sends a DCI scrambled by the gNB RA-RNTI. The UE tries to detect this DCI with the UE RA-RNTI. If the UE successfully descrambled and decoded the PDCCH, it could decode the PDSCH carrying RAR data. For GNSS UE, UE could calculate the gap,  based on the satellite ephemeris information in SSB and descramble DL DCI using . For non-GNSS UE, could be used for descrambling the DCI in the UE side.
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[bookmark: _Ref16885381]Figure 9. The random access procedure with UE location

[image: ]
[bookmark: _Ref16885447]Figure 10. The random access procedure without UE location information
5.2 RACH with NTN UE-Relay Node
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 11. 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 for fast network access as shown in Figure 12.
[image: C:\Users\wenjianw\AppData\Local\Microsoft\Windows\INetCache\Content.Word\Picture3.jpg]
[bookmark: _Ref16892791]Figure 11.  NTN and NTN UE-Relay joint deployment scenario

Cell search phase
1) Select the potential several candidates air-borne gNBs (gNB A, gNB B, gNB C) informed by NTN UE-Relay 
a) NTN UE-Relay informs coordinates and the ephemeris of all the air-borne gNB stations to UE.
UE calculates one closest air-borne gNB, both the UE and the gNB know, from the CS phase, the best directions through which they should steer their beams, and therefore they will exchange the following RA messages. The steered beams may go through three situations: has deviation, no deviation, and blockage or deafness. In real environments, especially in the last case of blockage or deafness, once the direct path does not correspond to the good channel conditions, candidate beams could be explored: the UE could form additional beams in adjacent directions symmetrically to look for a stronger path, as shown in Figure 12. In fact, the knowledge of the estimated UE position is extremely important to reduce the discovery time. In addition, information on the past beamforming attempts can provide significant saving in search time by testing the most successful connections at each access.
b) NTN UE-Relay informs all the necessary system information (SI) to UE, which originally acquired from the CS phase through SS block detection. For fast access, the necessary system information (like common delay d1, common Doppler shifts, position information) could be forwarded by NTN UE-Relay rather than acquisition from the traditional SSB detection.
c) NTN UE-Relay also informs a common propagation d1 to UE to achieve the fast TA adjustment.
Random access phase
2) UE calculate one closest air-borne gNB or several closest candidate air-borne gNBs (gNB A, gNB B, gNB C) and directly steers a beam containing MSG.1 toward each air-borne gNB from the best direction.  
3) Further candidate air-borne gNB refinement
4) 
a) [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Opt1: 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 (Tx/Rx correspondence in RA phase, this is  UE selection)  
b) Opt2: Measure UL results (Best RSRP information) , air-borne gNBs will send report to NTN UE-Relay, NTN UE-Relay sends information to UE on the potential air-borne gNB candidates air-borne gNB A and air-borne gNB B, this is the NTN UE-Relay selection. Here the Op2 is preferred since we should put the computation overhead to the base station as much as possible rather than in the UE side to reduce the UE power consumption.
5) Afterwards, UE performs the DL RS measurement in the receiving MSG.2. On the basis of DL measurement, UE finally selects the serving air-borne gNB (air-borne gNB B), and feedback to NTN UE-Relay, then the NTN UE-Relay informs those air-borne gNBs, which ones are not selected as the serving air-borne gNB. 

[image: ]
[bookmark: _Ref16885547]Figure 12. Fast access to the air-borne gNBs in NTN networks with NTN-UE relay
Here the NTN UE-Relay is not the full featured air-borne gNB, it has the function of buffer, relay and control. In a sense, a relay/IAB entity could be used instead of the NTN UE-Relay. In this way, the burden almost load over the gNB side which is highly preferred. 
Proposal 21: [bookmark: _Ref21128141]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.
5.3 Timer/Window Related Issues 
After discussing the impact of the large propagation delays on U-plane mechanisms in RAN2, it is generally understood by companies that the long RTTs introduced by the NTN links can be at least to some extent compensated by applying an offset to start the U-plane timers and in some cases extending the value range, it seems that the impact to ra-ResponseWindow timer may require some more thoughts. 
It has been observed that the possible lengths for the ra-ResponseWindow required to support NTN scenarios may be several times longer than the currently defined maximum value of (10ms). The problem has been described in [14], and is related to the method to calculate RA-RNTI associated with the PRACH occasions: 
1. The current formula for NR Release 15 TS 38.321 and the specified specific PRACH configurations already reserve maximum of ~18000 RNTI values just within 10 ms timeframe.
2. Simply increasing the timeframe to accommodate RTT (or the differential RTT) would result in even more RNTIs reserved as RA-RNTI for PRACH.
3. The space required for TC-RNTIs will also increase with the long RTTs as the RA procedure takes much longer time in general which requires reserving one TC-RNTI for longer time as well.
Based on these observations it was proposed to study further options to keep the required RA-RNTI space untouched when introducing extended values for ra-ResponseWindow.  Possible options to achieve this are:
1. Modify the NR Release 15 TS 38.321 used to determine RA-RNTI associated with the PRACH occasions (RAN1 and RAN2 impact).
2. Larger common delay value(s) signalled to the UEs which will delay all U-plane procedures and timers (RAN2 impact), and current NR Release 15 RA-RNTI space could be re-used.
3. Design a configurable time-distributed RACH pattern for RA preamble transmission and an associated RAR listening pattern for the extended ra-ResponseWindow, where UE attempts to decode the RAR message in predefined time slots (intervals spaced such to cover the expected RTT) and where each time interval is at most 10ms and the current NR Release 15 mechanisms and RA-RNTI space can be re-used (RAN1 and RAN2 impact).
Proposal 22: [bookmark: _Ref21128151]RAN1 to study the pros and cons for RA preamble (UE) and RAR message (gNB) transmission solutions which keep the required RA-RNTI space untouched.
6 PRACH
6.1 High Pathloss
Depending on the satellite constellation, the free space pathloss is on the order 150 dB ~ 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.
Proposal 23: [bookmark: _Ref21115480]Use sequence repetition and enhanced signal processing to overcome high pathloss figures.
6.2 Large Doppler Frequency Shift
Even with pre- and post- compensation at gNB there may be still significant residual Doppler shifts. For traditional PRACH detectors and preambles based on Zadoff-Chu (ZC) sequences the absolute residual Doppler frequency uncertainty should be about 30% - 40% of the PRACH SCS. Several strategies may be employed to fulfil this criterion in a NTN system.
a) The NTN system is designed such that the absolute residual Doppler offset is within ~30% of the PRACH SCS. This can be e.g. achieved by proper selection of the beam diameters.
b) Allow the usage of larger SCS. Scaling is today possible for short preamble sequences, but the same scaling principle may be applied for long preamble sequences as well. Long preamble sequences are an interesting option for FR2 in order to provide a large number of sequences.
c) In addition to gNB frequency pre- and post-compensation, the UE may be able to estimate the residual frequency offset. The estimate is used to pre-compensate the preamble signal such that the effective offset at the gNB receiver is small. The offset value may be determined by the UE using knowledge of its own and the gNB mobility e.g. via GNSS. Alternatively, the UE may estimate the offset from DL reference signals e.g. from the SSB reference signal.
d) Advances in gNB receiver design may allow preamble detection with higher frequency uncertainties. For any kind of detector, the upper offset bound for unambiguous detection of ZC sequence is 0.5 SCS. Advanced receiver may be able to estimate the frequency offset on the RA preamble. This knowledge may be used internally by the gNB or forwarded to the UE, so that the UE compensates frequency offsets in DL and UL.

6.3 Format
In order to mitigate RA detection impairments caused by large delays, pathloss and frequency uncertainties, new formats might be introduced. In section 5.4, we will show the value of the new formats in context of NTN.
Short preamble format:
In order to improve the link budget, we propose to introduce one additional short preamble sequence C1. The preamble is similar to the C2 preamble format but has more symbol repetitions. Against format B4 the new format has an about two times larger cyclic prefix. Higher scaling factor (4) for FR2 shall be possible for all short preamble formats.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 24: [bookmark: _Ref21115493]Introduce one additional short preamble format to already existing formats.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 25: [bookmark: _Ref21115501]Allow scaling factor 4 for all short preamble formats for FR2.
Long preamble format:
The total number of available preambles depends on the preamble sequence length, but currently supported SCSs for preamble format 0,1,2 and 3 may be not adequate in systems with high residual frequency uncertainties. A natural way to overcome this limitation is to introduce subcarrier scaling.
FR1:  for format 0,1,2 and  for format 3
FR2:  for format 0,1,2 and  for format 3
	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

	3
	839
	 kHz
	
	
	Type A, Type B



Proposal 26: [bookmark: _Ref21115508]Support of subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2.
FR1:  for format 0,1,2 and  for format 3
FR2:  for format 0,1,2 and  for format 3

	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

	3
	839
	 kHz
	
	
	Type A, Type B



6.4 Performance Evaluation
This section provides the simulation assumptions and evaluation results for different preamble design in S- and Ka-band with focus on worst case scenario (LEO-600, Set-2, center beam) in respect to frequency uncertainties.
6.4.1 Link-Level Simulation Assumptions
The link-level simulation assumptions for performance evaluation of PRACH are provided in Table 5.
[bookmark: _Ref21139538]Table 5. Link-level simulation assumptions for PRACH evaluation
	Satellite (gNB) orbit
	LEO-600

	Parameter set
	Set-2

	gNB altitude
	600 km

	gNB position
	(0,0,600+6378) km 

	gNB velocity
	7560 m/s

	Configurations
	S-band
	Ka-band

	Carrier Frequency
	DL: 2 GHz, UL: 2 GHz
	DL: 20 GHz, UL: 30 GHz

	Channel Model
	CDL-D-NTN

	gNB Antenna Configuration
	1 Rx modelled as (1,1,2), pattern from section 6.4.1 in TR 38.811, beam direction directly towards earth

	gNB Antenna diameter
	1 m
	0.2 m

	gNB beam diameter
	90 km
	50 km

	UE Antenna Configuration
	(1, 1, 2) with omni-directional antenna element
	VSAT modelled as (1,1,2) configuration. UE antenna points directly towards gNB

	Frequency Offset
	DSSAT: 1.88 ppm
DSUE: 0.000227 ppm

	DSSAT: 1.05 ppm

DSUE: 0 ppm for 0 km/h
DSUE: 0.0423 ppm for 1000 km/h

	Residual Frequency Offset
	0.1 ppm

	UE speed
	3 km/h
	0 km/h, 1000 km/h

	Initial timing Offset
	Considered as not relevant (see agreements on PRACH evaluation in [15])

	Phase noise model 
	Considered not relevant
	Phase noise mask according to TR 38.803 chapter 6.1.10.1 (Example 1)

	PRACH Formats
	Short preambles: C2, C1 (proposal)
Long preambles: Format 0, 1, 2, 3

	PRACH power control
	Ideal SNR in frequency domain at receiver per Rx antenna branch. 

	PRACH Detector
	In-coherent combination of in- and out-of phase Rx antenna branches.
FCME preamble signature detection

	PRACH number of sequences offered per beam per transmission trial
	64

	PRACH N_CS
	Determined from cell edge UE max. residual timing offset, preamble Format, subcarrier bandwidth, guard samples and delay spread

	FA Rate with noise only as input
	0.1%

	Performance Metric
	Missed Detection Probability

	


6.4.2 Simulation Results for S-Band
The Table 6 lists the preamble formats that can achieve a 1% missed detection figure with minimum required SNR level below the SNR level from a link-budget analysis. It is observed that long preambles require a subcarrier spacing (SCS) of at least 20 kHz. A SCS of 40 kHz improves the required SNR figures by 1 dB, but simultaneously the link-budget SNR worsens by about 3dB. The short preambles achieve good detection performances with a 30 kHz SCS. The proposed preamble format C1, with 12 symbol repetitions, shows a 3.4 dB gain against the format C2, with 4 repetitions.
Observation 7: [bookmark: _Ref21114749]In S-Band the subcarrier spacing for long preambles should be at least 20 kHz.

Observation 8: [bookmark: _Ref21114662]In S-Band no additional subcarrier spacings required for short preambles.

Observation 9: [bookmark: _Ref21114710]Proposed format C1 shows best detection with maximum CP for short preambles.
[bookmark: _Ref21139598]Table 6. Required min. SNR and link-budget for LEO-600 (Set-2, center beam) scenario
	Frequency 
Band
	Preamble 
Format
	SCS Scaling Factor
	SCS 
[kHz]
	Min required Bandwidth
 [MHz]
	UE Speed
[km/h]
	Required min. SNR [dB]
	LEO-600 (Set-2, center beam) link-budget receive SNR

	S-Band
	0
	4
	20
	16.78
	3
	-15.5
	-14.9

	
	
	5
	40
	33.56
	3
	-16.4
	-17.9

	
	1
	4
	20
	16.78
	3
	-17.8
	-14.9

	
	
	5
	40
	33.56
	3
	-18.8
	-17.9

	
	2
	4
	20
	16.78
	3
	-20.1
	-14.9

	
	
	5
	40
	33.56
	3
	-20.9
	-17.9

	
	3
	2
	20
	16.78
	3
	-20.1
	-14.9

	
	
	3
	40
	33.56
	3
	-21.1
	-17.9

	
	C2
	1
	30
	4.17
	3
	-13.8
	-8.8

	
	C1
	1
	30
	4.17
	3
	-17.2
	-8.8



6.4.3 Simulation Results for Ka-Band
We evaluated the PRACH detection performance in Ka-Band for the LEO-600 scenario (Set-2, center beam) and relevant results are listed in Table 7. A key observation is, that subcarrier spacings larger than 120 kHz are required to achieve good missed detection performances if restricted sets are not considered. For long preambles a SCS of at least 160 kHz and for short preambles a SCS of 240 kHz is needed. For long preambles we could also employ restricted set type A or B in order to limit the total required PRACH bandwidth. Possible candidate SCS for long preamble are 40 or 80 kHz corresponding to a subcarrier scaling factor 5 or 6 for format 0, 1 and 2 and scaling factor 3 or 4 for format 3. Disadvantage of using restricted sets is the reduced number of preamble sequences in the system. In Ka-band observed minimum required SNR levels are at least 30 dB below the link-budget SNRs. The required SNR levels are almost the same for UE moving with 0 or 1000 km/h. Reason for this is, that the UE maximum relative Doppler offset in high mobility case is 0.0423 ppm and the contribution of the satellite is 1.05 ppm i.e. about factor 25 larger. In addition, in link-level simulations frequency offset values are uniformly distributed in range [-FOmax, +FOmax]. This means that the additional frequency offset from high speed mobiles is not visible in the statistics (i.e. we have under-representation of cell-edge mobiles with large Doppler offset). We expect that there is larger difference from mobility in other scenarios e.g. LEO-600, Set‑2 with 30° minimum elevation angle for UE.
Observation 10: [bookmark: _Ref21114716]Subcarrier spacings defined for R-15 preambles are not sufficient for all NTN scenarios.

Observation 11: [bookmark: _Ref21114721][bookmark: _Ref21126758]Long and short preambles with appropriate SCS scaling can support all NTN scenarios.

Observation 12: [bookmark: _Ref21114908]Long preambles with restricted set type A and B can be used to limit required bandwidth in Ka-band.
[bookmark: _Ref21139703]Table 7. Required min. SNR and link-budget for LEO-600 (Set-2, center beam) scenario.
	Frequency 
Band
	Preamble 
Format
	SCS Scaling Factor
	SCS 
[kHz]
	Min. required Bandwidth
 [MHz]
	UE Speed
[km/h]
	Required min. SNR [dB]
	LEO-600 (Set-2, center beam) link-budget receive SNR

	Ka-Band
	0
	7
	160
	134.24
	0
	-15.6
	20.2

	
	
	7
	160
	134.24
	1000
	-15.6
	20.2

	
	
	8
	320
	268.48
	0
	-17
	17.2

	
	
	8
	320
	268.48
	1000
	-17
	17.2

	
	1
	7
	160
	134.24
	0
	-18.3
	20.2

	
	
	7
	160
	134.24
	1000
	-18.1
	20.2

	
	
	8
	320
	268.48
	0
	-19.5
	17.2

	
	
	8
	320
	268.48
	1000
	-19.5
	17.2

	
	2
	7
	160
	134.24
	0
	-20.3
	20.2

	
	
	7
	160
	134.24
	1000
	-20.2
	20.2

	
	
	8
	320
	268.48
	0
	-21.6
	17.2

	
	
	8
	320
	268.48
	1000
	-21.6
	17.2

	
	3
	5
	160
	134.24
	0
	-20.6
	20.2

	
	
	5
	160
	134.24
	1000
	-20.4
	20.2

	
	
	6
	320
	268.48
	0
	-21.8
	17.2

	
	
	6
	320
	268.48
	1000
	-21.8
	17.2

	
	C2
	4
	240
	33.36
	0
	-13.8
	26.2

	
	
	4
	240
	33.36
	1000
	-13.9
	26.2

	
	C1
	4
	240
	33.36
	0
	-17.4
	26.2

	
	
	4
	240
	33.36
	1000
	-17.3
	26.2



7 UE Positioning
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], and the located country identification for NTN UEs [5].
7.1 Positioning Purposes
Besides the methods in Section 2 and 4, 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 random access preamble and UE positioning information. 
Observation 13: [bookmark: _Ref21139951]UE-specific differential delay in NTN can be estimated based on random access preamble and 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 27: [bookmark: _Ref21138346]Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
The Doppler shift is described in Section 3 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 28: [bookmark: _Ref21138407]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 and has been identified that it is important to know the location of a UE at country level [5].  
Proposal 29: [bookmark: _Ref21138425]Study UE positioning techniques in NTN for country identification. 
7.2 UE Positioning in NTN
It was concluded in [12] that the existing methods do now function well for moveable satellites and therefore this section proposed two new methods for UE positioning in NTN.
7.2.1 Tracking Based Positioning for NTN
As described in Section 2, for non-stationary satellites, the DL Doppler shift and the UL timing advance of one fixed UE vary over time according to the functions related to UE location, satellite altitude and velocity, and carrier frequency. Therefore, UE location, UL timing advance and DL Doppler shift can be estimated at the UE side via tracking time and frequency shift of DL reference signal from the non-stationary satellites, for example DL synchronization reference signal during DL synchronization. Even the UE location is not fixed, this UE location is still be able to be tracked via this solution because the satellite movement is the main factor for Doppler shift and time shift.
Proposal 30: [bookmark: _Ref21138434]UE location, UL timing advance and DL Doppler shift can be estimated at the UE side via time and frequency tracking based on DL reference signal from the non-stationary satellites. 
7.2.2 TOA Based Positioning for NTN
The ToA based solution is based on OTDOA positioning with minor enhancement as follows
· 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 13 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 13. 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 31: [bookmark: _Ref21138437]Broadcast satellite location and velocity information by system information, and send the TOA measurement information or UE location information to the network.
8 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: UE might be able to estimate its UL timing advance, DL Doppler shift and UE location by tracking time and frequency shift of DL reference signal during DL synchronization for non-stationary satellites.
Observation 2: The common delay shall broadcast by the gNB, regardless if it has to be compensated by the UE or by the gNB.
Observation 3: To keep two UEs time-aligned, the differential delay has to be compensated twice (round-trip) during the UL timing advance procedure.
Observation 4: The maximum differential delay expected in NTN cannot be accommodated within the 12-bits of the RAR message in current specification.
Observation 5: In the worst-case scenario, with a SCS of 120 kHz, up to 10 (20) MAC CE commands are required in the regenerative (transparent) scenario for a LEO-600 km NTN satellite.
Observation 6: The network can assist the UEs by providing information that enables autonomous compensation beyond those defined in Table 7.1.2-3 of TR 38.133.
Observation 7: In S-Band the subcarrier spacing for long preambles should be at least 20 kHz.
Observation 8: In S-Band no additional subcarrier spacings required for short preambles.
Observation 9: Proposed format C1 shows best detection with maximum CP for short preambles.
Observation 10: Subcarrier spacings defined for R-15 preambles are not sufficient for all NTN scenarios.
Observation 11: Long and short preambles with appropriate SCS scaling can support all NTN scenarios.
Observation 12: Long preambles with restricted set type A and B can be used to limit required bandwidth in Ka-band.
Observation 13: UE-specific differential delay in NTN can be estimated based on random access preamble and UE positioning information.
Proposal 1: Time-and-frequency-tracking-based solution for the estimate of UL timing advance, DL Doppler shift and UE location during DL synchronization can be studied.
Proposal 2: DL Doppler compensation is needed at the UE side for multi-beam measurement and receiving even the beam-specific common frequency offset has been pre-compensated at the network side.
Proposal 3: The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for DL multi-beam transmission to this UE in NTN.
Proposal 4: UL Doppler compensation at the UE side is needed for multi-beam transmission even the beam-specific common frequency offset is post-compensated at the network side.
Proposal 5: The serving beam can send the beam-specific Doppler compensation information of its own and its neighbouring beams to the UE for UL multi-beam transmission from this UE in NTN.
Proposal 6: Study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
Proposal 7: The common delay shall be compensated at the UE side.
Proposal 8: The gNB should be informed whether the UE is applying autonomous acquisition of TA by positioning solutions.
Proposal 9: The gNB may temporarily disable the autonomous acquisition of TA by positioning solutions at the UE side.
Proposal 10: The common delay provided by the network shall be at most equal to the minimum TA allowed within a cell.
Proposal 11: In NTN systems, the gNB can broadcast a scale factor, for the initial TA (S0 = 2, 4, …) for expanding the TA range when cell size requires. The UE has to have access to the scaling factor before the Random Access procedure is started.
Proposal 12: Potential effects of the change in granularity of the TA step size in RAR and the maximum scaling factor allowed for each SCS should be further studied.
Proposal 13: The network may set a number of consecutive RA attempts with an offset time factor and broadcast this information to reduce keep the timing error in RA within the TA range of the RAR.
Proposal 14: The expected delay at pre-determined geographical reference points may be broadcast by the satellite to assist the RA procedure and minimize the impact of the differential delay in the RAR.
Proposal 15: The scaling factor and the consecutive RA attempts may be used in combination to minimize the impact of both solutions in solving the RA range problem.
Proposal 16: The network can signal an adjustment function to be applied over time for a UE minimizing the load on air interface. The signalling can be either an index for a predefined function (in RRC for example) or parameters for a predefined function format.
Proposal 17: The network can broadcast TA adjustment function for geographical reference points on earth for the UE to determine its TA based on the nearest reference point.
Proposal 18: 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 19: Random access procedure should take into account UE and satellite positions for UE UL transmission if UE location information is available.
Proposal 20: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 21: 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.
Proposal 22: RAN1 to study the pros and cons for RA preamble (UE) and RAR message (gNB) transmission solutions which keep the required RA-RNTI space untouched.
Proposal 23: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.
Proposal 24: Introduce one additional short preamble format to already existing formats.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 25: Allow scaling factor 4 for all short preamble formats for FR2.
Proposal 26: Support of subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2.
FR1:  for format 0,1,2 and  for format 3
FR2:  for format 0,1,2 and  for format 3

	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

	3
	839
	 kHz
	
	
	Type A, Type B



Proposal 27:  Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment.
Proposal 28: Study UE positioning techniques in NTN for Doppler pre-compensation.
Proposal 29: Study UE positioning techniques in NTN for country identification.
Proposal 30: UE location, UL timing advance and DL Doppler shift can be estimated at the UE side via time and frequency tracking based on DL reference signal from the non-stationary satellites.
Proposal 31: Broadcast satellite location and velocity information by system information, and send the TOA measurement information or UE location information to the network.
References
[1] [bookmark: _Ref508869]RP-181370, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales, RAN#80, La Jolla, USA, June 11-14, 2018.
[2] [bookmark: _Ref508876]RP-182444, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales, RAN#82, Sorrento, Italy, December 10-13, 2018.
[3] [bookmark: _Ref4583803][bookmark: _Ref508948]RP-190710, “Study on solutions for NR to support non-terrestrial networks (NTN)”, Thales, RAN#83, Shenzhen, China, March 18-21, 2019.
[4] [bookmark: _Ref4599573]TR 38.811, “Study on New Radio (NR) to support non terrestrial networks”, 3GPP.
[5] [bookmark: _Ref511881]TR 38.821, “Solutions on NR to support non-terrestrial networks”, 3GPP.
[6] [bookmark: _Ref4593968][bookmark: _Ref513525]TS 38.213, “NR; Physical layer procedures for control”, “Uplink power control” in Subclause 7, 3GPP. 
[7] [bookmark: _Ref513527][bookmark: _Ref21139264]TS 36.213, “E-UTRA; physical layer procedures”, “Uplink power control” in Subclause 5, 3GPP.
[8] [bookmark: _Ref4595152]TS 38.321, “NR; Medium Access Control (MAC) protocol specification”, 3GPP.
[9] [bookmark: _Ref4597188]TS 38.133, “NR; Requirements for support of radio resource management”, 3GPP.
[10] [bookmark: _Ref4599687]R3-190449, “Tracking area and UE position in NTN”, Nokia, Nokia Shanghai Bell, 3GPP RAN3#103, Athens, Greece, Feb 25th – Mar 1st, 2019.
[11] [bookmark: _Ref4779544][bookmark: _Ref4600071]R3-191171, “RAN3#103 meeting report”, 3GPP RAN3#103bis, Xi’an, China, 8th – 12th April, 2019.
[12] [bookmark: _Ref4779561]R1-1904665, “UE positioning in NTN”, Nokia, Nokia Shanghai Bell, 3GPP RAN1#96bis, Xi’an, China, 8th – 12th April, 2019.
[13] R1-1904650, “Doppler Compensation, Uplink Timing Advance, Random Access and UE Location in NTN”, Nokia, Nokia Shanghai Bell, 3GPP RAN1#96bis, Xi’an, China, 8th – 12th April, 2019.
[14] [bookmark: _Ref16810000]R2-1901260, “Impacts of long RTTs to random access response”, Nokia, Nokia Shanghai Bell, 3GPP TSG-RAN WG2 Meeting #105, Athens, Greece, 25 Feb - 01 Mar, 2019.
[15] [bookmark: _Ref21121749]Chairman’s notes, 3GPP TSG RAN WG1 Meeting #98 Prague, CZ, August 26th – 30th, 2019.
[16] R2-1911748, “Revision to Non-Terrestrial Networks reference scenarios parameters”, Thales, HNS. 
Annex: TP for TR 38.821
X. Uplink Timing Advance 
X.1 Common Delay
In order to minimize the UL Timing Advance Command in the RAR, a common delay factor may be applied for all users, to compensate for the distance between the satellite and Earth. After this, the residual delay or differential delay is to be compensated via normal UL Timing Advance procedure. 
The common delay can either be pre-compensated on the network side, by delaying the start time of UL frames in the gNB or at the UEs side, following a common delay factor broadcast by the network. 
When applied at the UE side, all UEs shall apply a Timing Advance that equals the common delay broadcast by the gNB plus the differential one, UE-specific. In case of UE with positioning capability, using autonomous compensation, the timing advance will correspond to the total PHY delay. 
When applied at the gNB side, the network will consider that the UL reference time at the gNB is shifted by two times the common delay, and only the differential part of the delay will need to be compensated in the UL timing advance by the UE.
However, if the network applies the common delay on its side, the amount of delay already compensated at the gNB will be transparent to the UEs. Therefore, unless the common delay is broadcast by the network, UEs with positioning capability will not be able to know how much of delay has been already compensated by the gNB, and as a consequence, will not be able to determine how much of TA still needs to be compensated on its side. 
Additionally, in the steerable beams scenarios, the gNB will move relatively to the cell position, changing the common delay, which means the UL reference timing in the gNB reception shall be constantly drifting, which may be a complex task to perform.
X.2 Uplink Timing Advance in Random Access Response
In the Random Access Response, the gNB provides the UE the value of TA offset to be applied for the next UL transmission. As it was firstly designed for a initial TA = 0, in terrestrial networks, this message does not allow negative values for TA steps. 

In Table 4.2-2, the maximum differential delay allowed in LEO and GEO cells accounting for cell sizes up to 500 and 1500 km, where the differential delay between two points within a cell is defined as the difference in the one-way delay measured by these two points in relation to the gNB. 
Table X.1. Maximum compensated distances by 5G TA on the RAR.
	SCS
	
	Max. Timing Advance 
	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 3GPP NR current specification, the maximum delay range that can be accommodated in the Random Access Response (RAR) message depends on the SCS [TS 38.213], as depicted in Table X.1. 
There are two ways to overcome this problem: a) extending the range of the RAR message; b) minimize the differential delay on the initial RAR message by other methods.
Extending the UL TA range in RAR
The most natural way of doing the extension of the RAR message is to increase the number of bits in the RAR message. However, 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 X.1). In order to include more bits to convey the UL initial TA in the RAR, it is necessary to develop an alternative RAR message exclusively for NTN users, or to reassign the fields contained in the current message. While the first is not in accordance to the principle of minimum changes on the specifications, the second limits the UL grant possibilities. 
[image: ]
Figure X.1. RAR message in [8]

Another way to increase the TA range on the RAR message is by increasing the step size corresponding to the bits in the RAR message. This can be done by introducing a scaling factor,  broadcast by the network that multiplies the TA step size in the RAR message, defined in [8], by a factor . For example, if the scaling factor in transmitted in SIB 1 or in a NTN-specific SIB then both UE and gNB can be implicitly in accordance of the scaling factor to be used before the Random Access procedure is started. The effects of the loss of granularity in the TA scale should be further studied.
Minimizing the differential delay of the initial RA attempt
Alternatively, to increase the range of the TA range in the RAR, the impact of larger cells over the RA procedure may be mitigated by minimizing the differential delay allowed in the initial RA. This can be done, for example, by configuring multiple RA occasions with each occasion only monitoring the RA attempts within the time range covered by the RAR message size. 
In this case, the UEs whose experienced delay is above the range allowed, will perform a new RA attempt after introducing an offset time factor,   in another RA ocassion before the next attempt. The value of  and multiple RA occasions could also be broadcast by the gNB. 
Clearly, the higher the number of attempts needed, the higher is the overhead on the PHY resources and the interference caused by RA attempts. For some SCS, if the maximum cell size is used, several RA attempts may be needed. For instance, considering the cell size of 500 km, and the TA range values observed in Table 2, up to 13 attempts may be needed for a SCS of 120 kHz.
The try-and-error procedure can be optimized with further assistance of the network. By transmitting the delay value to be applied at different reference points on the ground: 
i) In the first access, if the UE is not able to determine the closest point on the ground, it falls back to the try-and-error method. 
ii) In subsequent accesses, whether in the same cell or in another cell of a different satellite, the UE can look for the same reference point on the broadcast message.
(1) Unless the UE has moved considerably in the interval between subsequent accesses, it will be able to find the same reference point in the broadcast and will minimize the number of tries needed to get the RAR. 
(2) The gNB can use TA Update Command to assist the UE update its reference point when the UE is connected to the network.
Based on this assessment we have the following proposal:
Another way to minimize the overhead caused my multiple RAR attempts is to use it in combination with the scaling factor. It can be further studied the best combination, which reduces the loss of accuracy but also the number of RA attempts needed on the system. 
X.3 Uplink Timing Advance Update
Table X.2 (Table 7.1.2.1-1 in TS 38.133) shows the maximum autonomous adjustment time adjustment step that can be applied by a UE when the timing error between the UE and the timing reference, based on measurements of the synchronization channels, exceed the maximum UE clock accuracy error. The value of Tc in this table is approximately 0.5 ns, and the autonomous compensation can be applied if the following constraints are followed (in TS 38.133):
“1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.”

Table X.2. Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE: Tc is the basic timing unit defined in TS 38.211 [6]



However, for the LEO cases, the satellite is moving at very high speed (7.5 km/s) relative to Earth, 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, which is much above the maximum autonomous time adjustment allowed in Table 3.
In order to keep the UE time aligned the network may produce additional signalling information, in form of TA MAC CE commands. Each of this commands can produce index values of  = 0, 1, 2,..., 63, such that the total offset to be applied in the current timing reference equals , for a SCS of  kHz. 
[image: ] 
Figure X.2. Air interface delay variation in Tc after 1 second, for different user positions within the reachable range of the satellite 

Figure X.2 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 (LEO 600 km). 
Therefore, enhanced, whether assisted or not, techniques for minimize the TA update signalling are required for NTN LEO scenarios. 
Y UE Positioning
UE location information is useful for determination of timing advance and Doppler frequency, helpful for mobility optimisation, and needed for country determination. Conventional methods like OTDOA do not work for moving LEO satellites due to the fact that the reference points. Therefore the following methods can be considered to support UE positioning as follows:
Y.1 Tracking-Based UE positioning 
For non-stationary satellites, the DL Doppler shift and the UL timing advance of one fixed UE vary over time according to the functions related to UE location, satellite altitude and velocity, and carrier frequency as shown in the example provided in Figure Y.1 (LEO scenarios with Ka band). Therefore, during DL synchronization for non-stationary satellites, UL timing advance, DL Doppler shift and UE location can be estimated by tracking time and frequency shift of DL reference signal, for example synchronization reference signal. The estimated information can be used for UL Doppler compensation and UL timing advance adjustment in uplink transmission (including following random access procedure) and UE location for positioning purpose. Since this is time-and-frequency-tracking-based solution, even the UE location is not fixed, the estimate information can be updated with UE movement because the satellite movement is main factor resulting in time and frequency shift in NTN.

[image: ]  [image: ]  [image: ]
              (a) Satellite & UE                                (b) DL Doppler shift                                (c) UL timing advance
Figure Y.1. Example of DL Doppler shift and UL timing advance in LEO with Ka band

Y.2 ToA-Based UE positioning 
The ToA-based UE positioning is based on OTDOA with minimal enhancements below
1. A minimum positioning reporting period is configured to the UE. 
2. [bookmark: _GoBack]The UE is configured with a minimum number of cells to measure. After it has measured the Time of Arrival (TOA) from this number of satellites it can stop measuring until the next positioning period starts. The UE stores the measured TOA together with the Cell ID and the reference timing, representing the time of the measurement.
3. The UE is allowed to measure the same satellite several times as long as there is a minimum time between the measurements. This is to ensure that the satellite has moved enough to be seen as a new location. 
4. At the opportunity when the UE gets active the UE sends the TOA values from the different satellites and the timestamps they are taken to the network and location server.
5. The location server has knowledge of the location of every satellite at every time and can therefore deduct the location of the UE in question based on the TOA values, cell IDs and the timestamps.

Note the UE location is estimated before the UE becomes RRC_connected, allowing the network to comply with regulations and policies of specific areas/locations, i.e. potentially preventing the UE from accessing the network.

An example of the method: a UE measures ToA of the reference signals of a number of satellite points as shown in Figure Y.2 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: ]
Figure Y.2. Illustration of the TOA based positioning method for NTN
The UE provides the network with this measured information, such the network can estimate the position. This information can be given back to the UE such it can derive timing advance, Doppler information and potentially the country or the network can calculate this value for the UE and provide the calculated values directly. 
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