[bookmark: OLE_LINK2][bookmark: OLE_LINK1]3GPP TSG RAN WG1 #102-e			                                   R1-2005964
e-Meeting, Aug 17th – 28th, 2020

Source:	ZTE
Title:	Discussion on UL synchronization for NTN
Agenda Item:	8.4.2
Document for:  Discussion
1. [bookmark: _Ref18181]Introduction
In RAN#86 meeting [1], the NTN WI has been endorsed with following scope in RAN1:
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In this contribution, detailed analysis on the synchronization for UL in NTN is conducted with corresponding clarification on the assumption and UE capability. Enhancements with consideration on implementation complexity, flexibility for all scenarios, are elaborated. 
1. Definition on the terminology
W.r.t the service provided by the air- or space-borne NTN-BS, wireless connection is assumed for both service and feeder link, especially in the transparent load case with single hop as illustrated in Figure 1. In this way, the overall transmission between UE and NTN-BS will be impacted by the channel condition (e.g., frequency and timing offset) of both links, which is more complicated than the terrestrial network since only the impact of service link is considered in latter one.
During the SI, for overcoming the aforementioned impacts, solutions are proposed to handle different channel components suffered by each transmission with corresponding assumption on BS/UE behavior. For avoiding the potential confusion, the following terminologies are proposed to facilitate the discussion during WI: 
· Reference point: it refers to one “node” within the DL/UL link between UE and BS. As typical example shown in Figure 1, such node can be BS (i.e., gateway as Reference Point-0), or air-/space-borne platform (i.e., satellite as Reference Point-1) or “virtual node” used by the network (i.e., beam center on the ground as Reference Point-2).
· Common X: it refers to the channel impact X, e.g., X can be frequency or timing offset, originated from the connection between BS and reference point for DL/UL link, which are shared by UEs within certain coverage region, e.g., per beam.
· UE-specific X: it refers to the channel impact X, e.g., X can be frequency or timing offset, originated from the connection between UE and reference point for DL/UL link, which is different per UE within certain coverage region.
· Full X: it refers to the channel impact X, e.g., X can be frequency or timing offset, experienced by the BS-UE (i.e., end-to-end) link. Such value is determined as the combination of common and UE-specific X. Correction of Full X is expected to ensure the link performance. For example, similar as NR, correction of the full timing offset at UE side is conducted via Timing advance mechanism to ensure the DL-UL frame boundary alignment at BS side.
· Pre-compensation: it refers to the action to correct channel impacts, e.g., frequency or timing offset, conducted by either BS or UE before the DL or UL transmission, respectively.
· Post-compensation: it refers to the action to correct channel impacts, e.g., frequency offset, conducted by either BS or UE after the DL or UL reception, respectively. Such operation is almost implementation based operation without any specification impacts.
· BS-dominated: it refers to the behavior conducted in DL/UL mainly according to the determination, e.g., including indication/configuration from BS. For example, the value of all parameters for TA adjustment is up to the indication from BS. 
· UE-dominated: it refers to the behavior conducted in DL/UL mainly according to the determination, e.g., including calculation/decision from UE. For example, the value of all or partial parameters for TA adjustment is calculated by UE-self.
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[bookmark: _Ref40185943]Figure 1 Illustration of overall NTN based service along BS movement
Proposal 1: Terminologies i.e., Reference point, Common X, UE-specific X, Full X, Pre-compensation, Post-compensation, BS-dominated and UE-dominated with corresponding definition can be considered as baseline for discussion.
1. [bookmark: _Ref47537212]Clarification on the assumptions and UE capability
In addition to the aforementioned terminologies, clarification on the assumption and UE capability is also need to facilitate the discussion in WI. 
For example, during the SI, both assumptions, i.e., GNSS capable UE and pre-compensation capable UE, are used during the discussion to justify the feasibility of UE-dominated solution for synchronization. However, these two assumptions should be well distinguished as different UE capabilities due to the different requirements on implementation. More specifically,
· GNSS capable:
To support this function, the UE should be able to receive the GNSS signaling to determine its own location and performing clock synchronization if needed. Such functionality is mainly achieved based on the corresponding GNSS module and the accuracy is determined by the GNSS signal strength. In the typical satellite system, such information is always used by the BS to conduct the positioning specific scheduling, e.g., beam adjustment.
· Pre-compensation capable:
To support this function, in NTN case, along the determination of its own status, the UE should be able to acquire the additional assist information from BS. Then, joint processing is expected at UE side to get the value for pre-compensation. From implementation perspective, such functionality at least requires frequent information exchange between GNSS and baseband modules. Meanwhile, simultaneous reception of GNSS and NR signal is also preferred, which impose additional restriction on the application since in some scenarios, the GNSS signal may be expired or not available. The overall accuracy for such operation is also impacted by the computation capability at UE side and the information from BS. 
Proposal 2: UE capability to support GNSS and pre-compensation should be defined separately.
During the discussion for frequency synchronization, different assumptions on the BS implementation are also proposed. As one important aspect, the pre-compensation on the common frequency offset for DL should be considered to avoid the potential enhancement of SSB. Moreover, in NTN case, since each beam can provide a large coverage, such operation in beam-specific operation is required [2]. Meanwhile, as reciprocal operation, post-compensation of the common frequency offset for UL at BS can also be considered to reduce the complexity at UE side. It should be noticed that all operation w.r.t the common frequency offset can be done via implementation (i.e., no specification impacts) without impacts on following-up scheduling/data transmission.
Proposal 3: Taking the implementation of pre-compensation and post-compensation on the common frequency offset at BS side for DL and UL, respectively, as baseline assumption.
W.r.t the time synchronization, i.e., the UL TA adjustment, both fully and partial compensation of the full TA are proposed. However, as shown in Figure 2, the full TA compensation should be supported to ensure the DL/UL frame boundary alignment at BS, which is same as existing NR. Otherwise, at the BS side, i.e., ground gateway for transparent load, should be able maintain the time-variant value to tracking the UL frame boundary with additional complexity. 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. 
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[bookmark: _Ref47527914]Figure 2 Illustration of full TA adjustment at UE to align the DL/UL frame boundary at BS [2]. 
Proposal 4: Full TA compensation at UE side to ensure the DL/UL frame boundary alignment at BS side should be considered as the baseline assumption.
1. Mechanism for synchronization
3. For DL synchronization
W.r.t the DL synchronization, the key issue is to ensure the accuracy for DL RS detection and tracking as discussed in SI. According to the assumption highlighted above, i.e., pre-compensation on the common frequency offset by BS (especially for LEO case) at beam-specific way, the existing reference signal design including SSB is sufficient to provide robust performance since the remaining frequency offset is comparable to the traditional terrestrial network [2]. For the channel tracking part, within the each scheduling with limited time duration, e.g., up to 4 slots as configured by pdsch-AggregationFactor, the variation due to the drift is negligible.
3. For UL synchronization
For the uplink transmission, in terrestrial network, the synchronization mainly refers to the TA adjustment to align both the UL frame boundary among UEs and DL/UL frame per UE at BS side. Such operation can be achieved by initial access procedure, e.g., relies on the configuration of different PRACH preamble format according to the scenarios, and MAC CE based timing advanced (TA) maintenance approach.
In NTN case, as illustrated in Figure 1, the experienced frequency offset and required TA for adjustment is timing varying. For example, for the x-th UE, the required TA value is determined by the overall transmission distance including D1x and D02 (which refers to the propagation distance of service and feeder link, respectively) at corresponding time instant.
For dealing with these impacts, two solutions with different UE assumption are discussed:
· BS-dominated mechanism: In this way, except for broadcasting of common TA per beam, due to the large frequency and timing offset within the coverage of one beam [4], the enhancement on the existing PRACH preamble/format is still needed with improvements on the following-up procedure during initial access, e.g., extension of offset for Msg-3 scheduling. Moreover, w.r.t the link maintenance, the traditional TA adjustment mechanism with additional indication of the timing drift value to handle the timing variant phenomenon should also be considered.  
· UE-dominated mechanism: In this way, with assumption on the UE capability for pre-compensation, the UE specific frequency and timing offset can be estimated at the UE side. Then, with the broadcasting of common TA, no further enhancement on the PRACH preamble/format are needed. And signaling from BS for link maintenance can also be saved if the precise pre-compensation is always available. 
For achieving it, as mentioned in section 3, the status information of network and UE should be available at UE side for frequency and timing offset calculation, more specifically:
· Status information of network:
As one alternative, information on location, mobility situation of network with certain confidence level are needed to enable the calculation on the UE-specific value at UE side along with its own location. The detailed content and format is up to the selection of reference point, e.g., satellite ephemeris once the reference point-1 shown in Figure 1 or trajectory information in case that reference point-2 is assumed. Meanwhile, indication mechanism of this information should be available to follow the change of corresponding value due to the mobility of satellite or HAPS. In this way, indication of the remaining Common part, e.g., common TA, is also needed to handle the impact originated form the link between BS and reference point.
As another alternative, indication of other information, i.e., time stamps (from reference point 0 where the DL data is transmitted) can also be considered. In this way, the acquisition of TA and frequency values (as the combination of UE-specific and Common) can be enabled via calculation at UE side based on absolute propagation time and its variation rate. But the ideal synchronization of clock between BS and UE should be always assumed since the requirement for TA adjustment is tight, especially in higher frequency with larger SCS. Moreover, the time stamp information should be sent periodically or before each UL scheduling to handle the variation due to the mobility of satellite or HAPS.
· Status information of UE:
W.r.t the information of UE, its own location/mobility and internal-clock/oscillator status should be also available for corresponding calculation. Collection of such information is mainly up to UE implementation.
Additional, since the adjustment of TA value has impacts on the scheduling behavior at BS [5], in case of usage of pre-compensation, reporting of the self-calculated value is also needed via either Msg-A in 2-step RACH procedure or PUSCH.
Proposal 5: For UL synchronization, both BS-dominated and UE-dominated mechanism can be considered. 
3. Accuracy for pre-compensation
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 general, 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. 
· Location error of satellite/HAPS:
The inaccuracy of satellite/HAPS’s 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. Moreover, the position of HAPS could be affected by atmospheric motion. 
· Clock error between BS and UE (for time stamp information case):
Such mismatch between BS and UE is mainly up to the mechanism for clock synchronization as well as the stability of clock, especially at UE side. Moreover, accuracy for the timing indication is also critical for TA and frequency offset calculation.
In this section, by assuming certain tolerance on asynchronziation of existing system, detailed analysis are conducted to justify whether the calculation according to location information is robust as the example shown in Figure 3.



[bookmark: _Ref47541325]Figure 3 illustration on calculation introduced by the inaccurate UE and BS location
· Tolerable range of error for pre-compensation:





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.
· Mapping to the location error:
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] is considered as typical baseline for analysis. 
With fixed location error and elevation angle, the length difference of the real path and obtained path increases while the angle difference reduces. As a result, the tolerable location error w.r.t TA calculation error reduces with larger SCS and lower elevation angle, while the tolerable location error w.r.t Doppler calculation error reduces with smaller SCS and higher elevation angle. Hence, only the extreme values of tolerable location error are evaluated for each format. The UL carrier frequency for S-band and Ka-band are 2 GHz and 30 GHz, respectively. For HAPS, the amplitude and speed are assumed as 20 km and 15 m/s.
W.r.t the preamble format with long sequence, the location error for LEO at S-band is listed in Table 1.
The minimum elevation angle e.g., 30 degree for LEO，is considered for the location error w.r.t TA calculation error and maximum elevation angle, e.g., 90 degree, is considered for the location error w.r.t Doppler calculation error. 
[bookmark: _Ref47543061]Table 1 Location error w.r.t tolerable TA and Doppler calculation errors for PRACH format 0-3
	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
	446.33 
	8916.71 
	446.33 

	2
	
	
	3
	1785.31 
	8916.71 
	1785.31 

	3
	LEO-1200
	2
	0
	930.27 
	8921.57 
	930.27 

	4
	
	
	3
	3721.12 
	8921.57 
	3721.12 


For the PRACH format with shorter 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. Therefore, minimum elevation angle (30 degree for LEO, 10 degree for GEO and 5 degree for HAPS) and maximum SCS (30 kHz for S-band and 120 kHz for Ka-band) are considered for the location error w.r.t TA calculation error, while maximum elevation angle (90 degree) and minimum SCS (15 kHz for S-band, and 60 kHz for Ka-band) are considered for the location error w.r.t Doppler calculation error. 
[bookmark: _Ref47543308]Table 2 Location error w.r.t tolerable TA and Doppler calculation errors for PRACH format with shorter 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
	7737.02 
	405.92 
	405.92 

	2
	
	
	B1
	7737.02 
	304.45 
	304.45 

	3
	
	
	C0
	7737.02 
	1747.29 
	1747.29 

	4
	
	30
	A1
	1190.20 
	101.49 
	101.49 

	5
	
	
	B1
	1190.20 
	76.11 
	76.11 

	6
	
	
	C0
	1190.20 
	436.93 
	436.93 

	7
	LEO-1200
	2
	A1
	16126.50 
	405.93 
	405.93 

	8
	
	
	B1
	16126.50 
	304.45 
	304.45 

	9
	
	
	C0
	16126.50 
	1747.48 
	1747.48 

	10
	
	30
	A1
	2480.74 
	101.49 
	101.49 

	11
	
	
	B1
	2480.74 
	76.11 
	76.11 

	12
	
	
	C0
	2480.74 
	436.94 
	436.94 

	13
	GEO
	2
	A1
	1097154.51 
	356.98 
	356.98 

	14
	
	
	B1
	1097154.51 
	267.74 
	267.74 

	15
	
	
	C0
	1097154.51 
	1536.99 
	1536.99 

	16
	
	30
	A1
	174605.66 
	89.25 
	89.25 

	17
	
	
	B1
	174605.66 
	66.93 
	66.93 

	18
	
	
	C0
	174605.66 
	384.25 
	384.25 

	19
	HAPS
	2
	A1
	310041.07 
	352.90 
	352.90 

	20
	
	
	B1
	310041.07 
	264.68 
	264.68 

	21
	
	
	C0
	310041.07 
	1519.39 
	1519.39 

	22
	
	30
	A1
	194255.22 
	88.23 
	88.23 

	23
	
	
	B1
	194255.22 
	66.17 
	66.17 

	24
	
	
	C0
	194255.22 
	379.86 
	379.86 


According to the results based on PRACH above, the minimum tolerable location error (covering the impacts from both satellite and UE) is 76.11 m for LEO at Ka band and even smaller for HAPS and GEO. Moreover, with further analysis on the PUSCH case, much smaller value, e.g., 50.74 m for LEO and 44.62 m for HAPS are observed in Table 3.
[bookmark: _Ref47617268]Table 3 Location error w.r.t tolerable TA and Doppler calculation errors for PUSCH
	Case ID
	Orbit
	UL carrier frequency (GHz)
	SCS (kHz)
	Elevation
(degree)
	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
	90
	7737.02 
	19632.90 
	7737.02 

	2
	
	
	
	45
	18988.26 
	497.06 
	497.06 

	3
	
	
	
	30
	42970.12 
	405.92 
	405.92 

	4
	
	
	30
	90
	16669.88 
	13883.57 
	13883.57 

	5
	
	
	
	45
	39786.57 
	248.56 
	248.56 

	6
	
	
	
	30
	87375.15 
	202.97 
	202.97 

	7
	
	30
	60
	90
	1190.20 
	9817.53 
	1190.20 

	8
	
	
	
	45
	2983.55 
	124.29 
	124.29 

	9
	
	
	
	30
	6918.73 
	101.49 
	101.49 

	10
	
	
	120
	90
	3570.67 
	6942.17 
	3570.67 

	11
	
	
	
	45
	8881.44 
	62.15 
	62.15 

	12
	
	
	
	30
	20408.13 
	50.74 
	50.74 

	25
	GEO
	2
	15
	90
	1144678.41 
	61665.04 
	61665.04 

	26
	
	
	
	10
	1097154.51 
	356.98 
	356.98 

	27
	
	
	30
	90
	2551914.64 
	43603.91 
	43603.91 

	28
	
	
	
	10
	1097154.51 
	178.49 
	178.49 

	29
	
	30
	60
	90
	174605.66 
	30832.67 
	30832.67 

	30
	
	
	
	10
	827560.91 
	89.25 
	89.25 

	31
	
	
	120
	90
	524675.16 
	21802.01 
	21802.01 

	32
	
	
	
	10
	1097154.51 
	44.62 
	44.62 


It should be noticed that such value is comparable to the intrinsic error of two-line element set (TLE) (e.g., from 0~50m [6]) and will be even smaller with further consideration on the positioning error [7]. Therefore, the TA and frequency calculation error caused by overall location error need to be specifically considered in pre-compensation, especially in Ka-band cases.
Proposal 6: Evaluation of accuracy for pre-compensation at UE side should be conducted.
1. [bookmark: _GoBack]Conclusions
In this contribution, detailed analysis on the synchronization related issues for NTN is conducted with following proposal:
Proposal 1: Terminologies i.e., Reference point, Common X, UE-specific X, Full X, Pre-compensation, Post-compensation, BS-dominated and UE-dominated with corresponding definition can be considered as baseline for discussion.
Proposal 2: UE capability to support GNSS and pre-compensation should be defined separately.
Proposal 3: Taking the implementation of pre-compensation and post-compensation on the common frequency offset at BS side for DL and UL, respectively, as baseline assumption.
Proposal 4: Full TA compensation at UE side to ensure the DL/UL frame boundary alignment at BS side should be considered as the baseline assumption.
Proposal 5: For UL synchronization, both BS-dominated and UE-dominated mechanism can be considered. 
Proposal 6: Evaluation of accuracy for pre-compensation at UE side should be conducted.
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