3GPP TSG RAN WG1 #98                                                                                           R1-1909400
Prague, CZ, August 26th - 30th, 2019
Source:
ZTE

Title:
Discussion on the TA and PRACH for NTN

Agenda Item:
7.2.5.3

Document for:     Discussion and Decision

1 Introduction
In RAN1#97 meeting, the following agreements w.r.t the TA and PRACH for NTN have been achieved together with corresponding simulation assumption for link level evaluation.

Agreement:
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 

Agreement:
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

Agreement:
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

In this contribution, discussion and views on following aspects are elaborated with corresponding results: 

· DL SSB detection and synchronization performance
· Enhancement for UL frequency and timing maintenance
· NR PRACH analysis and evaluation
2 DL synchronization performance based SSB
As the intrinsic characteristic for multiple carrier system, the performance of OFDM system is sensitive to the frequency/timing domain offset. For achieving the robustness behavior in cellular system, multiple RSs with corresponding QCL (Quasi co-location) association, e.g., SSB, TRS, SRS, PTRS and DM-RS, are defined for assisting the UE or gNB to conduct the accurate synchronization and channel estimation for DL and UL from the initial access stage to normal data transmission. 

In NTN system, due to the higher mobility of satellite, the synchronization performance for initial access mainly determined by the mobility of satellite with characteristic on the frequency offset as listed in Table 1. It can be found that with introduction of the pre/post compensation mechanism at satellite side, significant reduction on the frequency offset can be achieved.  

Table 1 Illustration of the Doppler shift in NTN [1]
	Configuration
	S-band
	Ka-band

	On-board oscillator long-term drift
	[0.5] ppm
	[0.5] ppm

	Max Doppler shift (Note 1)
	Scenario A : 0.15 ppm

Scenario C2/D2 :

· 1200 km: 20 ppm

· 600 km: 24 ppm

	Max Doppler shift if pre/post compensation mechanism is assumed at satellite payload side
	Scenario A : n/a

Scenario C2/D2 :

· Satellite alt. = 1200 km : 

· beam diameter = 90 km (Set 1 - S-band) : 0.91 ppm

· beam diameter = 40 km (Set 1 - Ka-band): 0.40 ppm

· beam diameter = 190 km (Set 2 - S-band) : 1.91 ppm

· beam diameter = 90 km (Set 2 - Ka-band) : 0.91ppm

· Satellite alt. = 600 km : 

· beam diameter = 50 km (Set 1 - S-band) : 1.05 ppm

· beam diameter = 20 km (Set 1 - Ka-band) : 0.42 ppm

· beam diameter = 90 km (Set 2 - S-band) : 1.88 ppm

· beam diameter = 50 km (Set 2 - Ka-band) : 1.05 ppm

	Max Doppler rate
	Scenario A : n/a

Scenario C2/D2 :

· Satellite alt. = 1200 km :0.09 ppm/s

· Satellite alt. = 600 km : 0.27 ppm/s

	Note 1 : Min. Elevation angle for both sat- user equipment is equal to 10 degree.

Note 2 : For regenerative scenario, this can be considered as the phase noise model for the gnB. For transparent scenarios, it should be considered as an additional phase noise w.r.t the phase noise generated by the gnB and the UE.


Moreover, to achieve the better evaluation on the DL synchronization performance, simulation results based on the agreed assumption in [1] are presented in Table 2. It can be found that with implementation of frequency sweeping at UE side (with the granularity of one SCS), even without pre-compensation of frequency offset per beam, promising performance can be achieved for most of cases. 

Table 2 Simulation results for DL synchronization performance

	Satellite 
type
	Elevation
angle (degree)
	Frequency  range
	SCS
	UE antenna 
configuration
	Phase 
noise
	UE speed
	SNR point for
99% detection rate
	Residual FO 
normalized by SCS

	LEO (600km)
	30
	S-band
	15kHz
	(1,1,2)
	off
	3km/h
	-4.9245
	0.0197

	
	
	
	30kHz
	(1,1,2)
	off
	3km/h
	-4.9109
	0.0196

	
	
	Ka-band
	120kHz
	(4,8,2)
	on
	0km/h
	-5.5161
	0.0154

	
	
	
	
	(4,8,2)
	on
	1000km/h
	-4.9787
	0.013

	
	
	
	
	VAST
	on
	0km/h
	-6.2273
	0.013

	
	
	
	
	VAST
	on
	1000km/h
	-6.2222
	0.0137

	
	
	
	240kHz
	(4,8,2)
	on
	0km/h
	-4.7788
	0.0123

	
	
	
	
	(4,8,2)
	on
	1000km/h
	-4.7143
	0.013

	
	
	
	
	VAST
	on
	0km/h
	-6.1358
	0.0137

	
	
	
	
	VAST
	on
	1000km/h
	-6.039
	0.0128


More specifically, with the directive antenna at UE side, the performance can be further improved due to the less number of strong path after the filtering effect by the UE pattern with less Doppler spread. 
Observation 1: Robust DL synchronization performance can be achieved via NR-SSB detection.
Observation 2: Residual frequency offset at UE side is negligible.

3 UL frequency and timing maintenance  

As the DL transmission, for achieving the effective transmission, synchronization on the timing/frequency should also be considered for UL. Normally, the maintenance on synchronization are kept via following mechanism in NR:

1. For UL frequency: The open loop method is considered, in which, the frequency offset is mainly corrected via the DL tracking at UE side, and performance of UL is only impacted by the residual frequency offset and Doppler in UL. More enhanced performance can be further achieved by pre-correction of certain offset by UE-self. 

2. For the UL timing: closed-loop procedure through the indication of timing offset via either RAR or MAC are considered. 

In the NTN system, similar mechanism can also be considered to handle the corresponding impairment of transmission:

· Frequency synchronization

As mentioned in Table 1, except for the impacts of oscillator, the frequency offset is mainly dominated by UE movement with less spread. In this case, the UL transmission with less frequency error can be achieved by adopting the pre-correction of frequency offset at UE by corresponding estimation, e.g., based on DL SSB.

Moreover, if the UE is not be capable to conduct correct estimation and pre-correction of the frequency offset for UL, closed-loop procedure can also be considered. But in this way, more specification effort are needed to enhance the configuration of UL signal, e.g., Preamble with consideration of large offset and feedback mechanism for the estimated frequency offset. 

With consideration on the above case, reporting of the UE capability on correction of frequency offset for UL will be expected at gNB side. Then, more efficient configuration of UL resource and corresponding signaling for DL monitoring can be conducted.

· Timing synchronization

In NTN scenarios, the change separation distance between gNB and UE, which has impacts on the timing alignment, is also dominated by the satellite movement as shown in Figure 1. In this situation, broadcasting of the common timing advance refers to reference point per beam at the satellite side (as L2 illustrated in Figure 2) is beneficial to maintain the stability of UL timing and reducing the signaling overhead for UL timing measurement with existing mechanism. And, robust performance with the impacts of large RTT can be also achieved.
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Figure 1 Illustration of propagation distance change for LEO (1200 km)
Furthermore, with introduction of additional enhancement, e.g., prediction of TA variation and group-based indication of timing adjustment, the overhead can be further reduced.

In some cases, if the UE is capable to obtain the corresponding location information as well as satellite ephemeris, self-calculation and adjustment on the timing advanced is still possible if the regenerative payload is supported at satellite side. For transparent case, the broadcasting on the common delay due to the feeder link is still needed.
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Figure 2 Illustration of coverage of NTN with common TA

Observation 3: Open-loop mechanism for UL synchronization on frequency is sufficient for NTN.

Proposal 1: Closed-loop mechanism for UL synchronization on timing can be considered for NTN with following enhancement:
· Broadcasting of common TA to the UEs 

· Prediction of TA value


· UE group-based TA adjustment.

Proposal 2: Reporting on the UE capability and separated resource configuration for UL can be considered in case of both open and closed mechanisms for UL synchronization are considered in NTN. 
4 NR PRACH analysis and evaluation
In current NR specification, PRACH formats 0~3 are defined for long sequence of 839, with corresponding subcarrier spacing (SCS) of 1.25 KHz and 5 KHz. PRACH formats A1~C2 are defined for short sequence of 139, with corresponding SCS, e.g., 30/120 KHz. Based on the agreements mentioned above, the validity of existing design are evaluated with consideration on the larger coverage and Doppler shifts in NTN.
4.1 Analysis of current NR PRACH formats

With consideration on the assumption of beam parameters [1] and Doppler shift value in Table 1, the analysis on the applicability of NR design for the NTN are listed in Table 3
Table 3 Analysis on the applicable of NR PRACH format

	Beams set
	Altitude (km)
	Beam diameter (km)
	Frequency offset (KHz) without pre-compensation at UE side
	Timing offset

	
	
	
	Maximum frequency offset for UL
	Minimum required SCS 
	Maximum differential delay (s)
	Ncs for UE multiplexing

	Beam-1 in S-band
	600
	50
	23.1
	60
	1.64e-4
	No applicable Ncs

	
	1200
	90
	22.82
	60
	2.95e-4
	No applicable Ncs

	
	35786
	250
	21.01
	60
	8.19e-4
	No applicable Ncs

	Beam-1 in Ka-band
	600
	20
	323.4
	NO applicable SCS in NR
	6.56e-5
	No applicable Ncs

	
	1200
	40
	323
	NO applicable SCS in NR
	1.31e-4
	No applicable Ncs

	
	35786
	110
	315.5
	NO applicable SCS in NR
	3.61e-4
	No applicable Ncs

	Beam-2 in S-band
	600
	90
	24.76
	60
	2.95e-4
	No applicable Ncs

	
	1200
	190
	24.82
	60
	6.23e-4
	No applicable Ncs

	
	35786
	450
	21.02
	60
	1.47e-3
	No applicable Ncs

	Beam-2 in Ka-band
	600
	50
	336
	NO applicable SCS in NR
	1.64e-4
	No applicable Ncs

	
	1200
	90
	333.2
	NO applicable SCS in NR
	2.95e-4
	No applicable Ncs

	
	35786
	280
	315.12
	NO applicable SCS in NR
	9.17e-4
	No applicable Ncs


According to the assumptions above, it can be observed that Ncs is invalid for all cases due to large differential delay, which is larger than the granularity for UE distinguish in time domain via Ncs. More specifically, in certain case, this value is even larger than the whole length of PRACH sequence. W.r.t the frequency configuration, if no pre-compensation on the UL frequency shift is conducted at UE as mentioned in section 3, the minimum requirement SCS for preamble should be at least 60 KHz, even in S-band. For Ka band, not applicable configuration exists in current NR design. 
Observation 4: Ncs is not applicable for all cases due to large coverage range.

Observation 5: For S-band, the minimum applicable SCS is 60 kHz and not value in existing NR is valid for Ka band in NTN.
Proposal 3: Pre-compensation on the frequency offset for UL should be considered for PRACH design in NTN, at least for Ka band.
Proposal 4: Without pre-compensation on the frequency offset for UL, the minimum applicable SCS should be configured as 60 KHz for PRACH design in S-band.
4.2 Performance evaluation of PRACH formats
Based on the aforementioned discussion, enhancement on existing PRACH format should be considered. In this section, several NR PRACH formats with enlarged SCS (i.e., 60 KHz) are evaluated. The detailed assumption are listed in Table 5. And, since the Ncs cannot be used for NTN, only the root sequences are considered for single UE detection in this contribution with the metrics, e.g., miss detection rate, TOE (timing offset estimation, with threshold of 16 Ts) rate and FOE (frequency offset estimation error, normalized by SCS). Moreover, the receiver with multiple detection windows is used, in which, the whole RACH detection window is split into multiple with PRACH symbol length. Conventional ZC sequence detection is carried out in each window. If any one of the windows yields a positive detection result, corresponding RACH sequence is regarded as detected. 
The performance of different NR RACH formats are listed in Table 4 with the missed detection rate at 1%.  For better understanding, the symbol repetition number and CP length (quoted from Table 6.3.3.1-2 of [4]) are attached at the last two columns. 
Table 4 NR PRACH formats performance evaluation
	Format
	SNR(dB)
	TOE error rate
	FOE error(normalized by SCS)
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	A2
	2.5
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	A3
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	B1
	3
	4%
	<0.03
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	B4
	2
	3%
	<0.005
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	C0
	4
	0.6%
	<0.034
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	C2
	1.9
	8%
	<0.017
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According to the above results, it can be found that even with enlarged SCS, the requirement SNR point to achieve the 1% miss detection rate is still much larger than the requirement in NR [5]. It demonstrate that the further enhancement on the sequence design should be considered. And, from the results shown in Figure 3, it can also be observed that performance improvement can be achieved in case of the format with larger repetition, e.g., A1/A2/A3/B4, since with the larger number of repetition, more combining gain can be harvest to enhance the accuracy of the detection.
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Figure 3 Performance comparison among PRACH format with different repetition
Moreover, with the results Table 4, format A2 and C2 has the same repetition number of 4, but better performance is observed in C2 since the longer CP can be considered as an additional repetition unit.  In terrestrial networks, CP is used to keep time uncertainty among multiple UEs in a given range. However, in an NTN scenario, due to the large propagation delay, normal short/extended CP is not suitable for NTN, especially with introduction of larger number of repetition. 

Observation 6: Performance of existing RACH format with enlarged SCS is failed to satisfy the NR requirement. 
Observation 7: Enhanced performance can be introduced in case of larger repetition number in RACH design. 

Observation 8: Short CP in existing NR is not beneficial in NTN.
Proposal 5: Existing NR format should be enhanced with consideration of additional sequence design.
5 Conclusions
In this contribution, issues on several aspects related to the SSB and PRACH design have been presented with following observations and proposals:

Observation 1: Robust DL synchronization performance can be achieved via NR-SSB detection.
Observation 2: Residual frequency offset at UE side is negligible.

Observation 3: Open-loop mechanism for UL synchronization on frequency is sufficient for NTN.

Observation 4: Ncs is not applicable for all cases due to large coverage range.

Observation 5: For S-band, the minimum applicable SCS is 60 kHz and not value in existing NR is valid for Ka band in NTN.

Observation 6: Performance of existing RACH format with enlarged SCS is failed to satisfy the NR requirement. 
Observation 7: Enhanced performance can be introduced in case of larger repetition number in RACH design. 

Observation 8: Short CP in existing NR is not beneficial in NTN.
Proposal 1: Closed-loop mechanism for UL synchronization on timing can be considered for NTN with following enhancement:
· Broadcasting of common TA to the UEs 

· Prediction of TA value


· UE group-based TA adjustment.

Proposal 2: Reporting on the UE capability and separated resource configuration for UL can be considered in case of both open and closed mechanisms for UL synchronization are considered in NTN. 

Proposal 3: Pre-compensation on the frequency offset for UL should be considered for PRACH design in NTN, at least for Ka band.

Proposal 4: Without pre-compensation on the frequency offset for UL, the minimum applicable SCS should be configured as 60 KHz for PRACH design in S-band.
Proposal 5: Existing NR format should be enhanced with consideration of additional sequence design.
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Appendix

Table 5 Simulation settings for PRACH performance evaluation
	Number of tx antenna at UE
	1

	Number of rx antenna at BS
	1

	LEO orbit altitude (km)
	600

	Beam diameter (km)
	50

	Doppler assumption
	Follows Table 1, use fixed maximum value

	Subcarrier spacing (kHz)
	60

	Carrier frequency (GHz)
	2

	Channel model
	NTN-CDL-D, refer to Table 6.7.2-5a in [4]

	Time offset range (Ts)
	Uniformly distributed in [0, Tmax], Tmax is named “maximum differential propagation delay of single trip (second) in Table 3

	Frequency offset (Hz)
	Using fixed maximum value given in Table 3

	Number of UE
	1

	Number of roots in preamble pool
	64

	Ncs
	0, fixed value due to invalid Ncs

	Number of frames
	10000

	NR PRACH formats
	A1/A2/A3/B1/B4/C0/C2


3

_1234567895.unknown

_1234567899.unknown

_1234567903.unknown

_1234567905.unknown

_1234567906.unknown

_1234567907.unknown

_1234567904.unknown

_1234567901.unknown

_1234567902.unknown

_1234567900.unknown

_1234567897.unknown

_1234567898.unknown

_1234567896.unknown

_1234567893.unknown

_1234567894.unknown

_1234567892.unknown

