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1. [bookmark: _Ref18181]Introduction
In RAN1#102e [1], the following has been agreed on UL synchronization for NTN.
Agreement:
In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· a reference time and frequency
· And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
· FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
· The User specific TA which is estimated by the UE:
· Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
· FFS: Details on serving satellite ephemeris indication 
· Option 2: The User specific TA is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
· The Common TA if indicated by the network:
· FFS: The need and details of Common TA indication 
· FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)
In this contribution, details for the UL synchronization are elaborated with corresponding analysis and simulation results. 
1. Mechanism for UL synchronization
1. General principle for UL synchronization
According to the agreements listed above, UE with GNSS capability is able to get at least one of its position and a reference time/frequency, which is required for the geometric based (Option-1) and timestamp based (Option-2) pre-compensation solution for UL, respectively. 
For the typical case with transparent payload, it can be found that, different reference points (as shown in Figure 1) can be considered to construct the time-line for DL/UL along with different assumptions for implementation. More specifically, as shown in Figure 2, in existing NR, the full TA compensation is taken to ensure the DL/UL frame boundary alignment at BS. In the NTN case, same principle should be at least supported to minimize the impact on the implementation. For example, in case of transparent load without inter-satellite link, the ground gateway (Reference Point-0), can be taken as the reference point for TA compensation. Otherwise, NTN-BS side is required to handle the time-variant TA deviation (e.g., due to the changes over feeder link). Such operation will lead to additional complexity for the BS implementation (e.g., dynamic shifting on the window for UL data acquisition, which is sensitive for the UL performance, especially the NTN UL transmission with larger SCS). 
[image: ]
[bookmark: _Ref40185943]	Figure 1 Illustration of overall NTN based service along BS movement
Moreover, in case of service conducted by HAPS in TDD manner, such assumption imposes additional restriction for the scheduling since the collision between DL and UL slots due to shift timing for UL data.
[image: ]
[bookmark: _Ref53841170]Figure 2 Illustration of full TA adjustment at UE to align the DL/UL frame boundary at BS [2]. 
Proposal 1: At least the full TA compensation at UE side to ensure the DL/UL frame boundary alignment at BS side should be supported.
1. Geometric based pre-compensation 
1. Indication on the satellite information
As mentioned above, the geometric based solution is taken as one condition (Option-1) for UL pre-compensation. But, the details on satellite information indication are still FFS. Typically, two approaches can be considered: 
· Real-time PV broadcast in SIB
In this way, the real time PV value can be used to calculate the satellite location at UE side. But following drawbacks are foreseen: 
1. It prevents the UE from extrapolating the satellite track including the neighboring satellite (which is important to improve the performance of high layer action, e.g., RRM) for more than a very short time into the future. It will lead to the frequent signaling updates.
2. The velocity in ECEF is related to location of the reference point due to the earth rotation (or Non-inertial ECEF coordinates rotation), which means that the precise relative velocity will be different from each other according to the observation point on earth. Broadcasting of such value may not be correct for all UEs within the coverage.
· Ephemeris, e.g. TLE based on satellite dynamic model, broadcast in NTN
This approach is able to provide both real-time and predicted PV of satellite(s) with relative larger side, e.g., within TLE based indication, up to 980bit (2(line)*70(ASCII symbol/line)*7(bit/ASCII symbol) ) are needed for indication.
Another issue is that such solution is dedicated for satellite only. For other cases, e.g., HAPS without corresponding “ephemeris”, the proposed solution is not feasible.
Observation 1: Ephemeris, e.g. TLE based on satellite dynamic model, broadcast in NTN can be used to enhance the performance in both RAN1 and RAN2.
Proposal 2: From physical layer perspective, either ephemeris or instant PVT is acceptable.
1. Doppler shift compensation
In this approach, UE is able to obtain the position and mobility information of satellite by network indication. Moreover, the information of UE itself is obtained by GNSS capability based on implementations. With position and mobility information of both sides, the relative mobility between UE and satellite can be calculated through geometric formulas. And Doppler is further be derived as:

,
Where  is the UL carrier frequency.  refers to the speed of light, and is the relative approaching speed between UE and satellite.
Observation 2: UE is able to estimate UL Doppler through geometric formulas based on position and mobility information of UE and satellite.
1. Additional requirements
In addition, for Option-1, indication on the other parameters, e.g., common TA, is needed to enable the flexibility on the implementation from specification perspective. More specifically, by adjusting the value for indicated common TA, e.g., determined by the feeder link, full TA compensation with aligned DL-UL frame boundary at BS side can be achieved for single-hop transmission without inter-satellite link. Other value, e.g., zero, can be considered for the case with supports for the partial compensation. 
Proposal 3: Indication on the Common TA related parameters should be supported for a unified solution to enable both full and partial TA compensation.
1. Timestamp based pre-compensation
As mentioned above, timestamp based solution is agreed as Option-2 for UL pre-compensation. In this solution, the initial thought is to enable the TA estimation via the absolutely delay calculation based on the timestamp information indicate in SIB9. However, such solution is not able to support the LEO case without additional details.
2. TA estimation
In the Option-2, the reference time information of timestamp is only supported to be transmitted in SIB9. However, the transmission period of SIB9 is relatively long (The period of SIB is at least 8 radio frames, i.e., 80 ms), which may not able to handle too fast TA drift due to the mobility of satellite. As shown in [2], the maximum Doppler shift in LEO-600 is 24 ppm, which corresponds to 24 us/s timing drift rate. In this case, the TA drift between two timestamps is as large as 3.84 us. When SCS is 30 kHz, the normal CP length in data transmission is about 2.35 us, which is significantly smaller than the TA drift. Therefore, enhancements are needed. As one promising solution to enable faster track on TA, additional indication via PDSCH/PDCCH can be utilized to transmit timestamps. Meanwhile, indication on the time drift rate is also applicable to handle same issue.
In addition, w.r.t the full-TA or partial TA compensation, in Option-2, it can be handled via the adjustment on the reference point for timing stamp indication. For example, once the indicated timestamp is same as the internal clock of gNB station, full-TA including the impacts of feeder link can be achieved. 
Proposal 4: For Option-2, additional indications, e.g., reference time information in PDSCH/PDCCH or time drift rate are needed to enable the TA calculation and maintenance. 
2. Doppler shift compensation
In addition to the TA calculation, the compensation on the Doppler shift is also required for UL transmission. Based on the generic structure of Option-2, following two solutions can be considered:
· UL Doppler estimation via DL reference signal:
Considering that UE and BS share the same reference frequency (i.e., synchronized to GNSS), the frequency offset corresponding to oscillator error is excluded. As a result, DL Doppler is the only component of DL frequency offset, which can be estimated via DL RS. And UL Doppler can further be derived as:

,


where  is the DL carrier frequency and  is the DL Doppler.
· UL Doppler estimation via timing drift:
Doppler has proportional relationship with timing drift rate, which can be expressed as:

,

where  is the timing drift rate. Moreover, the timing drift rate is able to be estimated by the delay variance among different timestamps, e.g.,

,






where  and  are the transmit time of two timestamps, and  and  are the corresponding receive time. With estimated timing drift rate  and carrier frequency, the UL Doppler can be derived.
Proposal 5: With reference time and frequency, for Option-2, one of following two approaches can be supported to UE for UL Doppler estimation:
· DL reference signal
· timing drift
1. Accuracy analysis for UL synchronization
During the SI phase, the accuracy for the pre-compensation operation (i.e., corresponding to the UE-dominated solution above) at UE side to enable the UL synchronization is questioned. In this section, by assuming certain tolerance on asynchronziation of existing system, detailed analysis are conducted on the accuracy requirements of geometric and timestamp based solutions.





With consideration on the data processing, the tolerance range of the error for pre-compensation is considered from both time and frequency domain. More specifically, the maximal tolerable error TA and Doppler error can be assumed as  and , respectively, where  is CP length,  is SCS, and  is a constant coefficient and equating to the 0.1 in this contribution.
2. Geometric based pre-compensation
For geometric based pre-compensation, the performance is mainly impacted by following factors:
· Location error of UE:
The accuracy location information for UE is mainly determined by the performance of GNSS. For example, in case of poor GNSS signal, the deviation of obtained UE location may vary within a large range as shown in Figure 3 (a). 
· Location error of air-/space-borne platform:
The inaccuracy of air-/space-borne platform information is mainly determined by the granularity for trajectory modelling as well as the un-predictable disturbance. For example, the satellite may deviate from predicted orbit due to perturbation as shown in Figure 3 (b). Moreover, the position of HAPS could be affected by atmospheric motion. 


		
[bookmark: _Ref31775]Figure 3 Illustration on calculation introduced by the inaccurate UE and satellite location
[bookmark: _GoBack]In case of LoS assumption shown in Figure 3, the tolerable error for synchronization can be easily mapped to the location errors as the synthetic results from both UE and satellite/HAPS side. The existing PRACH format and PUSCH configuration in [3] are considered as typical baseline for analysis. In the evaluations, the UL carrier frequency for S-band (FR1) and Ka-band (FR2) are 2 GHz and 30 GHz, respectively. For HAPS, the altitude and speed are assumed as 20 km and 15 m/s, respectively.

The length difference of real path and obtained path, which is upper bounded by location error, determines the TA calculation error. In order to ensure that the TA calculation error is lower than tolerable threshold, the location error should be smaller than

,

where  is the speed of light.

The Doppler is proportional to the relative speed between UE and air-/space-borne platform along the LoS path. Assuming that satellite velocity is known, the Doppler calculation error is mainly determined by the elevation angle difference of real path and obtained path. With fixed location error, the elevation angle difference is upper bounded by

,


where  is the height of air-/space-borne platform. Therefore, in order to ensure that the Doppler calculation error is lower than tolerable threshold, the location error should be smaller than

,


where  is the carrier frequency and  is the speed of air-/space-borne platform.
For PRACH preamble formats with long sequence, the location error for LEO at S-band is listed in Table 1.
[bookmark: _Ref32003]Table 1 Location error w.r.t tolerable TA and Doppler calculation errors for PRACH with long preamble
	Case ID
	Orbit
	UL carrier frequency (GHz)
	Preamble format
	Location error w.r.t tolerable Doppler calculation error (m)
	Location error w.r.t tolerable TA calculation error (m)
	Tolerable location error  (m)

	1
	LEO-600
	2
	0
	743.88 
	7734.38 
	743.88 

	2
	
	
	3
	2975.50 
	7734.38 
	2975.50 

	3
	LEO-1200
	2
	0
	1550.46 
	7734.38 
	1550.46 

	4
	
	
	3
	6201.83 
	7734.38 
	6201.83 

	5
	HAPS
	2
	0
	12500.00 
	7734.38 
	7734.38 

	6
	
	
	3
	50000.00 
	7734.38 
	7734.38 


For PRACH formats with short sequence, the corresponding results for LEO and HAPS are listed in Table 2. Moreover, 15 kHz SCS and 30 kHz SCS are used for S-band, while 60 kHz SCS and 120 kHz SCS are used for Ka-band. Since larger SCS corresponds to shorter CP, maximum SCS (30 kHz for S-band, and 120 kHz for Ka-band) is considered for the location error w.r.t TA calculation error, while minimum SCS (15 kHz for S-band, and 60 kHz for Ka-band) is considered for the location error w.r.t Doppler calculation error. 
[bookmark: _Ref32046]Table 2 Location error w.r.t tolerable TA and Doppler calculation errors for PRACH format with short preamble
	Case ID
	Orbit
	UL carrier frequency (GHz)
	Preamble format
	Location error w.r.t tolerable Doppler calculation error (m)
	Location error w.r.t tolerable TA calculation error (m)
	Tolerable location error  (m)

	1
	LEO-600
	2
	A1
	8926.51 
	351.56 
	351.56 

	2
	
	
	B1
	8926.51 
	263.67 
	263.67 

	3
	
	
	C0
	8926.51 
	1513.67 
	1513.67 

	4
	
	30
	A1
	2380.40 
	87.89 
	87.89 

	5
	
	
	B1
	2380.40 
	65.92 
	65.92 

	6
	
	
	C0
	2380.40 
	378.42 
	378.42 

	7
	LEO-1200
	2
	A1
	18605.48 
	351.56 
	351.56 

	8
	
	
	B1
	18605.48 
	263.67 
	263.67 

	9
	
	
	C0
	18605.48 
	1513.67 
	1513.67 

	10
	
	30
	A1
	4961.46 
	87.89 
	87.89 

	11
	
	
	B1
	4961.46 
	65.92 
	65.92 

	12
	
	
	C0
	4961.46 
	378.42 
	378.42 

	13
	HAPS
	2
	A1
	150000.00 
	351.56 
	351.56 

	14
	
	
	B1
	150000.00 
	263.67 
	263.67 

	15
	
	
	C0
	150000.00 
	1513.67 
	1513.67 

	16
	
	30
	A1
	40000.00 
	87.89 
	87.89 

	17
	
	
	B1
	40000.00 
	65.92 
	65.92 

	18
	
	
	C0
	40000.00 
	378.42 
	378.42 


W.r.t the PUSCH case, normal CP is assumed in the evaluations. The results are listed in Table 3.
[bookmark: _Ref32088]Table 3 Location error w.r.t tolerable TA and Doppler calculation errors for PUSCH
	Case ID
	Orbit
	UL carrier frequency (GHz)
	SCS (kHz)
	Location error w.r.t tolerable Doppler calculation error (m)
	Location error w.r.t tolerable TA calculation error (m)
	Tolerable location error  (m)

	1
	LEO-600
	2
	15
	8926.51 
	351.56 
	351.56 

	2
	
	
	30
	17853.02 
	175.78 
	175.78 

	3
	
	30
	60
	2380.40 
	87.89 
	87.89 

	4
	
	
	120
	4760.81 
	43.95 
	43.95 

	5
	LEO-1200
	2
	15
	18605.48 
	351.56 
	351.56 

	6
	
	
	30
	37210.96 
	175.78 
	175.78 

	7
	
	30
	60
	4961.46 
	87.89 
	87.89 

	8
	
	
	120
	9922.92 
	43.95 
	43.95 

	9
	HAPS-20
	2
	15
	150000.00 
	351.56 
	351.56 

	10
	
	
	30
	300000.00 
	175.78 
	175.78 

	11
	
	30
	60
	40000.00 
	87.89 
	87.89 

	12
	
	
	120
	80000.00 
	43.95 
	43.95 


According to the results above, the minimum tolerable location error (covering the impacts from both satellite and UE) for initial access is 65.92 m for all types of platform at Ka band. Moreover, with further analysis on the PUSCH case, the tolerable range of location error is even smaller, e.g., 43.95 m, in data transmission as observed in Table 3.
It should be noticed that such value is comparable to the GNSS positioning error of UE due to the poor signal strength, especially within the dense urban scenarios (e.g., 32.1m in [4]). Moreover, the tolerable location error is affected by both the positioning of UE and air-/space-borne platform. Therefore, the TA and Doppler calculation error caused by location error need to be specifically considered in pre-compensation especially in Ka-band cases.
Proposal 6: For geometric based solution, the accuracy of pre-compensated TA and Doppler shift should be evaluated with consideration on the errors of location information for both UE and BS. 
2. Timestamp based pre-compensation
For timestamp based pre-compensation, the performance is mainly impacted by following factors:
· Clock error between BS and UE:
Such mismatch between BS and UE is mainly up to the mechanism for clock synchronization as well as as the stability of clock, especially at UE side. Moreover, accuracy for the timing indication is also critical for TA calculation.

The TA calculation error is mainly determined by the phase sync error and timing indication accuracy. In order to ensure that the TA calculation error is lower than tolerable threshold , the following constraint should be satisfied

,



where  is the maximum phase sync error between satellite time reference and UE time,  is the maximum phase sync error between satellite time reference and BS time, and  is the reference time information accuracy of timestamp. 

The Doppler calculation error is mainly determined by the frequency sync error. In order to ensure that the TA calculation error is lower than tolerable threshold, the following constraint should be satisfied

,


where  is the maximum frequency sync error between satellite time reference and UE time in ppm, and  is the maximum phase sync error between satellite time reference and BS time in ppm.

In current specification [5], the minimum granularity of reference time information is  ns. The total phase and frequency sync errors w.r.t tolerable TA and Doppler calculation errors for PRACH format with long preamble, PRACH format with short preamble, and PUSCH cases are listed in Table 4, Table 5, and Table 6, respectively. Similar to the evaluations on short PRACH preambles in previous section, larger SCS (30 kHz for S-band, and 120 kHz for Ka-band) is considered for TA calculation error, while smaller SCS (15 kHz for S-band, and 60 kHz for Ka-band) is considered for Doppler calculation error.
[bookmark: _Ref22778][bookmark: _Ref22735]Table 4 Phase and frequency sync errors w.r.t tolerable TA and Doppler calculation errors for PRACH format with long preamble
	Case ID
	UL carrier frequency (GHz)
	Preamble format
	Frequency sync error w.r.t tolerable Doppler calculation error (ppm)
	Phase sync error w.r.t tolerable TA calculation error (ns)

	1
	2
	0
	0.0625
	25771

	2
	
	3
	0.25
	25771


[bookmark: _Ref22801]Table 5 Phase and frequency sync errors w.r.t tolerable TA and Doppler calculation errors for PRACH format with short preamble
	Case ID
	UL carrier frequency (GHz)
	Preamble format
	Frequency sync error w.r.t tolerable Doppler calculation error (ppm)
	Phase sync error w.r.t tolerable TA calculation error (ns)

	1
	2
	A1
	0.75
	1161.88

	2
	
	B1
	0.75
	868.91

	3
	
	C0
	0.75
	5035.57

	4
	30
	A1
	0.2
	282.97

	5
	
	B1
	0.2
	209.73

	6
	
	C0
	0.2
	1251.39


[bookmark: _Ref22807]Table 6 Phase and frequency sync errors w.r.t tolerable TA and Doppler calculation errors for PUSCH
	Case ID
	UL carrier frequency (GHz)
	SCS (kHz)
	Frequency sync error w.r.t tolerable Doppler calculation error (ppm)
	Phase sync error w.r.t tolerable TA calculation error (ns)

	1
	2
	15
	0.75
	1161.88

	2
	
	30
	1.5
	575.94

	3
	30
	60
	0.2
	282.97

	4
	
	120
	0.4
	136.48


According to the results above, the minimum tolerable frequency and phase sync errors (covering the impacts from both satellite and UE) for initial access are 0.2 ppm and 209.73 ns, respectively. Moreover, with further analysis on the PUSCH case, the tolerable range of phase sync error is even smaller, e.g., 136.48 ns, in data transmission as observed in Table 6.
As shown in [6], the frequency and phase sync errors of satellite reference time are generally smaller than 0.01 ppm and 100 ns, respectively. Among them, the frequency sync error is always tolerable, which indicates that the Doppler calculation is accurate enough. However, the phase sync error is comparable to the tolerable range, which indicates that the TA calculation should be specifically considered in pre-compensation in Ka-band cases.
Proposal 7: For timestamp based solution, the accuracy of pre-compensated TA and Doppler shift should be evaluated with consideration on the errors of reference time and synchronization between BS and UE.
2. TA uncertainty
When TA is autonomously pre-compensated by UE through geometric or timestamp based methods, the estimation error could either be positive or negative with uniformly distribution within [-X, X], here X refers to the defined requirements for pre-compensation (which requires a detailed study in both RAN1 and RAN4 as defined in the scope). Such error is independent from the UE’s status since the pre-compensation behavior is done only relying on the obtained assistance information and UE-self (e.g., location). 
Since in this WI, the pre-compensation is considered as the “default” action for UE to access the network, similar to the discussion in the traditional terrestrial network, reasonable requirements should be defined to ensure the basic performance of whole functionality. 
Proposal 8: Reasonable requirements on the accuracy should be defined for pre-compensation to ensure the basic system performance.
For example, the NTN based service will be provided by the satellite mainly in FR2 with large bandwidth according to the ITU regulation. In this case, the short PRACH format can be considered for evaluation, e.g., PRACH preamble format B1. In order to make all preamble formats feasible, the TA estimation error should be smaller than half CP (at least) of format B1 with largest SCS (e.g., 120 kHz for Ka-band). Therefore, the error for TA pre-compensation is upper bounded by 439.45 ns, i.e., X<=439.45ns. Under this situation, with the detailed simulation parameters in Table 7, the influence of TA overestimation (as shown in Figure 4) is evaluated.
[image: 捕获]
[bookmark: _Ref4193]Figure 4 Illustration of TA overestimation. 
[image: TAoverest_Kaband]
[bookmark: _Ref12135]Figure 5 Influence of TA overestimation in Ka-band. 
According to the results shown in Figure 5, negligible impacts due to the pre-compensation error can be observed. Such impact can be further reduced once more tight requirements is defined. Hence, there is no need to apply a TA margin to handle TA uncertainty due to autonomous pre-compensation.
Observation 3: When the basic accuracy requirements for autonomous pre-compensation is satisfied, the interference caused by TA uncertainty is negligible.
Proposal 9: No need to introduce the TA margin for pre-compensation in the initial access stage.
1. Others
The GNSS and NR signals are received and processed by different modules. Generally, simultaneous reception of GNSS and NR signals is preferred to enable autonomous pre-compensation at UE side. However, the GNSS signal may be poor or expired in certain scenarios, e.g., less than 4 satellites can be observed by the UE, where NR communication still works. In these cases, the UL pre-compensation solutions will be impacted by the inaccurate GNSS information. Further study on this case can be considered once the main normative works are done.
Proposal 10: Further study on the case that poor GNSS function is experienced, can be considered once the main normative works are done.
1. Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposal:
Observation 1: Ephemeris, e.g. TLE based on satellite dynamic model, broadcast in NTN can be used to enhance the performance in both RAN1 and RAN2.
Observation 2: UE is able to estimate UL Doppler through geometric formulas based on position and mobility information of UE and satellite.
Observation 3: When the basic accuracy requirements for autonomous pre-compensation is satisfied, the interference caused by TA uncertainty is negligible.
Proposal 1: At least the full TA compensation at UE side to ensure the DL/UL frame boundary alignment at BS side should be supported.
Proposal 2: From physical layer perspective, either ephemeris or instant PVT is acceptable.
Proposal 3: Indication on the Common TA related parameters should be supported for a unified solution to enable both full and partial TA compensation.
Proposal 4: For Option-2, additional indication, e.g., reference time information in PDSCH/PDCCH or time drift rate are needed to enable the TA calculation and maintenance.
Proposal 5: With reference time and frequency, for Option-2, one of following two approaches can be supported to UE for UL Doppler estimation:
· DL reference signal
· timing drift
Proposal 6: For geometric based solution, the accuracy of pre-compensated TA and Doppler shift should be evaluated with consideration on the errors of location information for both UE and BS.
Proposal 7: For timestamp based solution, the accuracy of pre-compensated TA and Doppler shift should be evaluated with consideration on the errors of reference time and synchronization between BS and UE.
Proposal 8: Reasonable requirements on the accuracy should be defined for pre-compensation to ensure the basic system performance.
Proposal 9: No need to introduce the TA margin for pre-compensation in the initial access stage.
Proposal 10: Further study on the case that poor GNSS function is experienced, can be considered once the main normative works are done.
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[bookmark: _Ref54100116]Table 7 Simulation parameters for TA overestimation
	Frequency band
	Ka-band

	Channel
	TDL

	Tx antenna number
	1

	Rx antenna number
	1

	PUSCH SCS (kHz)
	120

	PUSCH MCS
	4

	PUSCH bandwidth (PRB)
	12

	PUSCH start position (symbol)
	8

	PUSCH length (symbol)
	6

	PRACH overestimation (ns)
	439.45



oleObject1.bin

image4.wmf
DL

Doppler

DL

c

UL

c

UL

Doppler

f

f

f

f

,

,

,

,

=


oleObject2.bin

image5.wmf
DL

c

f

,


oleObject3.bin

image6.wmf
DL

Doppler

f

,


oleObject4.bin

image7.wmf
UL

c

UL

c

UL

Doppler

f

t

f

c

v

f

,

,

,

¢

=

=


oleObject5.bin

image8.wmf
t

¢


oleObject6.bin

image9.wmf
(

)

(

)

1

2

1

1

2

2

t

t

T

t

T

t

t

-

-

-

-

=

¢


oleObject7.bin

image10.wmf
1

T


oleObject8.bin

image11.wmf
2

T


oleObject9.bin

image12.wmf
1

t


oleObject10.bin

image13.wmf
2

t


oleObject11.bin

oleObject12.bin

image14.wmf
UL

c

f

,


oleObject13.bin

image15.wmf
2

/

max

CP

T

TA

=


oleObject14.bin

image16.wmf
SCS

F

DS

a

=

max


oleObject15.bin

image17.wmf
CP

T


oleObject16.bin

image18.wmf
SCS

F


oleObject17.bin

image19.wmf
a


oleObject18.bin

image20.emf
Real location

Obtained 

location via 

positioning

Location error

Real path

Obtained 

path for 

TO and FO 

calculation

(a)


oleObject19.bin

image21.emf
Real location Indicated  location

Location error

Real path

Obtained 

path for 

TO and FO 

calculation

(b)


oleObject20.bin

image22.wmf
max

TA


oleObject21.bin

image23.wmf
4

2

max

max

,

CP

TA

cT

c

TA

d

=

´

=


oleObject22.bin

image24.wmf
c


oleObject23.bin

image25.wmf
d


oleObject24.bin

image26.wmf
h

d

arcsin

=

q


oleObject25.bin

image27.wmf
h


oleObject26.bin

image28.wmf
max

DS


oleObject27.bin

image29.wmf
v

f

F

hc

h

v

f

DS

c

d

c

SCS

c

Doppler

a

=

´

´

=

max

max

,


oleObject28.bin

image30.wmf
c

f


oleObject29.bin

image31.wmf
v


oleObject30.bin

image32.wmf
max

TA


oleObject31.bin

image1.png
Trajectorys
From 010 T1

Reference

Pl B

Reference
Point.0
NTNBS
(Transpasent load)




image33.wmf
t

TA

T

T

BS

sync

UE

sync

D

-

£

D

+

D

2

max

,

,


oleObject32.bin

image34.wmf
UE

sync

T

,

D


oleObject33.bin

image35.wmf
BS

sync

T

,

D


oleObject34.bin

image36.wmf
t

D


oleObject35.bin

oleObject36.bin

image37.wmf
c

BS

sync

UE

sync

f

DS

F

F

max

,

,

£

D

+

D


image2.png
gNBDL.IIIIIIIIIIIIII

Delay

TA§ UEDL.HIHIIIIIIIII
UEUL.\HHHHHII\

Delay

gNBUL.IIIIIIIIIIIIH





oleObject37.bin

image38.wmf
UE

sync

F

,

D


oleObject38.bin

image39.wmf
BS

sync

F

,

D


oleObject39.bin

image40.wmf
10

=

D

t


oleObject40.bin

image41.png
UE 1

UE 2

[
k>

Vo
TA overestimation




image42.png
Influence of TA overestimation

BLER

—&— PUSCH performance without TA_ _ = 0 s
—#— PUSCH performance with TA__

102

05 0 05 1
SNR/dB

15





image3.wmf
UL

c

UL

Doppler

f

c

v

f

,

,

=


