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1. Introduction
New radio (NR) targets a wide range of use cases in 5G. The application of a high altitude platform station (HAPS) and satellite nodes in NR can be important components of 5G. The deployment of non-terrestrial networks (NTNs) is highly different from that of terrestrial networks, which can cause impacts on standard specifications. A study item “Solutions for NR to support Non Terrestrial Network” has been approved [1], and the objectives are as follows.
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]
The following agreements were made in RAN1#97 [2] and RAN1#98[3] as follows.
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.

Agreement:
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

Agreement:
Companies are encouraged to evaluate whether Rel-15 mechanisms are sufficient for time/frequency tracking

Agreement:
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.

Agreement:
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

This contribution discusses issues related to uplink timing advance/random access and synchronization for NTN. 

2. Uplink timing advance/RACH procedure
2.1 Impact of long propagation delay on uplink timing/random access
As shown in Figure 1, both satellite and HAPS can be deployed in NTNs. A key difference between a NTN and a common terrestrial network is that NTN is usually with much larger propagation delays due to the high altitude. In the current NTN technical report (TR 38.811) [5], the design of NTN targets base station (BS) heights ranging from 8 km to 35786 km, which are equivalent to propagation delays in the range [66.7μs, 120ms]. In practice, this propagation delay can be even larger than 120ms because of multipath effects.
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[bookmark: _Ref469485403]Figure 1 Deployment scenarios in NTN.
As a result, the existing timing advance range cannot support such long propagation delay and thus some enhancements need to be studied to obtain the UL timing advance .
Proposal 1: Enhancement for UL timing advance range and its acquisition should be studied with consideration of the extremely long propagation delay.
In addition, the maximum random access (RA) response window size in NR may not be sufficient to support the random access procedure in NTN (the response window size is a value lower than or equal to 10 ms [5]). A possible way to tackle this problem is to allow the BS to configure larger RA response window sizes in NTN. This can be implemented by extending the list of ra-ResponseWindow [5] in the RA configuration and has been illustrated in Figure 2.
[image: ]
[bookmark: _Ref509238512]Figure 2. RA procedure with extended RA response window size in NTN.
However, extending the RA response window size causes in the existing procedure introduces unnecessary user equipment (UE) monitoring intervals due to large propagation delay in NTNs. This is undesirable as more power consumption will be required at the UE side.
[bookmark: _Ref509300562]Observation 1: Large propagation delays in NTNs have impact on UE random access procedures. Extending the RA response window can cause unnecessary UE power consumption.
Considering the extremely long propagation delay, the TA value can be much larger than that of terrestrial cellular networks. A cell-specific common TA value can be broadcasted by the satellite so the UE only needs to handle the residual TA. However, even the residual TA can be significant especially for GEO satellite where the cell size can be up to 1000 kms. One solution is to extend the current TA value range for NTN. However, another alternative is to assume a set of TA values consisting multiple TA values. For example, one cell can be divided into three zones as shown in Fig. 3. 
Zone 2
Central Zone
Zone 1
A
B

Figure 3. Multiple TA values for multiple zones.
For the central zone one, the reference point for TA value is the central point of a cell. For the surrounding zone 1 and 2, the reference point can be chosen as point A and B, respectively. In total three TA values can be assumed and which TA value is assumed by the UE can either be signalled by the satellite or derived by the UE itself if it knows its own location.
Proposal 2: Multiple TA values can be considered for extremely large cells.
2.2 Random access procedure for long propagation delay
The reason for the abovementioned problem is that the waiting time between preamble transmission and the start of the RA response window is not dependent on propagation delay. Therefore, an improved solution to handle long propagation delay should allow UE go into power saving mode after preamble transmission and wake up only when the RA response window starts. This is depicted in Figure 4.
[image: ]
[bookmark: _Ref505936375]Figure 4. RA procedure with configurable waiting time in NTN.
In order to support UE power saving in long propagation delay, a gap between end of PRACH transmission and start of RAR monitor needs to be specified and it can accommodate not only the propagation delay but also the processing time at the BS etc. 
The gap size should be carefully estimated at the BS side when the NTN is deployed. For example, when a satellite is deployed, its altitude information should be determined and accessible by itself. Then, the propagation delay can be estimated based on its altitude. If necessary, three-dimensional geographical layout can also be used to help estimate.
[bookmark: _Ref509300587]Observation 2: When a NTN is deployed, the NTN BS should have its altitude information and therefore be able to estimate propagation delay information.
The rest issue is how to inform the UE about the propagation delay information in practice. Since the UE needs to acquire this information before preamble transmission, the propagation delay information can be added to a system information block (SIB). When the UE decodes PBCH, it can obtain both the delay information and the RA response window size. 
[bookmark: _Ref509300594]Proposal 3: Including gap information in SIB for NTNs can be considered in NR.
2.3 Random access preamble design
In NR, the random access preamble format is designed in the following tables [6].
Table 6.3.3.1-1: PRACH preamble formats for [image: ] and [image: ]
	Format
	[image: ]
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	Support for restricted sets

	0
	839
	1.25 kHz
	[image: ]
	[image: ]
	Type A, Type B

	1
	839
	1.25 kHz
	[image: ]
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	Type A, Type B

	2
	839
	1.25 kHz
	[image: ]
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	Type A, Type B

	3
	839
	5 kHz
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	Type A, Type B



Table 6.3.3.1-2: Preamble formats for [image: ] and [image: ] where [image: ]
	Format
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	Support for restricted sets
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	A1
	139
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	-

	A2
	139
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	-

	A3
	139
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	-

	B1
	139
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	-

	B2
	139
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	-

	B3
	139
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	-

	B4
	139
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	-

	C0
	139
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	-

	C2
	139
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The cell coverage is limited by CP length of the preamble sequence. For above two tables, the path profile and cell coverage can be approximated as in the following two tables.
Table -1
	Path profile assumption
	Cell coverage (limited by CP length)

	4.69 us
	15 km

	4.69 us
	102 km

	4.69 us
	22 km

	4.69 us
	15 km



Table – 2
	Path profile assumption
	Max cell coverage (limited by CP length)

	1.56 us
	0.5 km

	3.13 us
	0.9 km

	4.69 us
	2.1 km

	4.69 us
	3.5 km

	3.13 us
	0.4 km

	4.69 us
	1.1 km

	4.69 us
	1.8 km

	4.69 us
	3.9 km

	4.69 us
	5.4 km

	4.69 us
	9.3 km



Up to 102 km cell radius can be supported by NR. Considering that the cell size of HAPS is comparable with cellular network which is not extremely large, the current NR preamble format design might be enough to support HAPS. 
Proposal 4: Existing NR preamble format could be considered for supporting HAPS.
The current NR preamble format design might be enough to support HAPS but for Satellite it needs to be revisited. As shown in Fig. 5, CP length is mainly limited by the difference between the maximum and minimum distance from the NTN base station to the UE.
[image: ]

Figure 5. NTN Cell
In such a case, the difference depends on elevation angles as shown in the following table. 
Table-3
	q [degree]
	Cell radius [km]
	dmax-dmin [km]

	10
	200
	390

	20
	200
	372

	30
	200
	343

	40
	200
	303

	50
	200
	254

	60
	200
	197

	70
	200
	134

	80
	200
	67



Unlike terrestrial network which can assume the base station is stationary, the NTN network may need to consider the movement of the satellite in addition to the movement of the UE, as it might further enlarge the differential delay calculated by the dmax-dmin. Clearly, the difference exceeds the maximum cell coverage supported by the NR preamble format. In such a case, enhancement on NR preamble format needs to be considered for different footprint of NTN cells.
Proposal 5: Enhancement on NR preamble format including introducing new preamble format could be considered for spaceborne vehicles.
Both the preamble sequence length Tseq and CP length TCP depend on cell size. Considering the aforementioned extremely large delay, Tseq and TCP could be unreasonably long and cause high signaling overhead for random access. Here we propose to use the relative/differential propagation delay rather than the absolute propagation delay itself assuming a common propagation delay could be compensated. Therefore, we have as follows
[image: ]
where c is the speed of light and σDS is the delay spread. 
Based on previous analysis, the simplest solutions to handle the extended coverage is to increase the duration of both the preamble sequence length Tseq and CP length TCP. Using repetition of the sequence and enlarge the CP length are two ways to allow a preamble format to support large coverage. Thus, such two methods could be considered.
Proposal 6: Using repetition of the sequence and enlarge the CP length could be considered for enhancement on designing preamble format for NTN systems.

3. Synchronization procedure
Other than RACH procedure, synchronization procedure for NTN may also need to be re-studied, in order to address exclusive application scenarios for NTN. 
In NR Rel-15, synchronization procedure is based on SS/PBCH blocks transmitted using a predefined pattern in time domain (as shown in Figure 6), wherein each SS/PBCH block consists of consecutive 4 symbols in time domain and 20 PRBs in frequency domain, and contains PSS, SSS, PBCH and its DMRS (detailed composition pattern is shown in Figure 7). 


Figure 6. Illustration of predefined SS/PBCH block transmission pattern in half frame. 


Figure 7. Illustration of SS/PBCH block structure in NR Rel-15. 
Note that the maximum moving speed supported for the above synchronization framework is 120 km/hr, which captured all typical application scenarios for cellular systems in NR Rel-15. However, for NTN network, the targeting supported relative moving speed could be much larger. For example, the moving speed of a satellite, located with orbit altitude higher than 600 km, could be as large as 8 km/s, which is significantly larger than the testified scenarios supported in NR Rel-15. The high moving speed may contribute to a huge Doppler shift in the frequency domain, which may be further combined with the initial carrier frequency offset due to imperfectness of the oscillator at both transmitter and receiver. Hence, the accumulated frequency offset in initial synchronization procedure could be much higher than the one expected in NR Rel-15, and evaluation on the synchronization performance shall be studied for NTN in the study item, in order to figure out potential issues in the synchronization procedure. 
A set of evaluation results on the one-shot cell ID detection performance from joint PSS and SSS detection is shown in R1-1910479, and repeated as follow in Figure 8, with respect to different SCS of SS/PBCH block and whether pre-compensation of Doppler shift is applied or not. It can be observed that there is a remarkable performance degradation in the cell ID detection accuracy if compensating the Doppler shift is not performed, if no enhancement to the detector is performed (e.g. assuming similar frequency range for detection to NR Rel-15); and the cell search performance can be recovered by using a high-complexity detector, wherein the high-complexity detector is with a much larger frequency range for hypothesis testing, comparing to the low-complexity detector. 
Observation 3: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector. 

[image: ]
[bookmark: _Ref16672020]Figure 1 One-shot cell ID detection accuracy with and without pre-compensation.

Meanwhile, the specification of DL synchronization related signals, channels, and procedures is band-specific. For example, the numerology of SS/PBCH block, the channelization, the synchronization raster, and CORESET#0 configurations are all specified in a flavor of band-specific. For NTN, since new bands will be considered for both FR1 and FR2, beyond the ones supported in NR Rel-15, some parameters and configuration related to DL synchronization should be re-studied using NR Rel-15 as a baseline. 
Proposal 7: RAN1 shall determine the SCSs of SS/PBCH block for NTN bands and inform RAN4 to capture them in the corresponding specifications. 
Proposal 8: RAN1 shall study whether NR Rel-15 CORESET#0 configuration can be reused for NTN bands, taking into account the channelization and synchronization raster design in RAN4. 
Additionally, as Doppler shift is related to the gNB moving speed, gNB spot beam pattern, and a gNB can easily access this information. A gNB can perform an initial estimate of the Doppler shift and signal this initial estimate to a UE. 
Proposal 9: Signaling initial estimate of Doppler shift by a gNB to a UE could be considered for high Doppler shift in NTN systems.

4. Conclusions
In this contribution, we have discussed impacts of large propagation delay on UL timing advance, random access and synchronization and provided a solution. To sum up, we have the following observations and proposals.
Observation 1: Large propagation delays in NTNs have impact on UE random access procedures. Extending the RA response window can cause unnecessary UE power consumption.
Observation 2: When a NTN is deployed, the NTN BS should have its altitude information and therefore be able to estimate propagation delay information.
Observation 3: A remarkable performance degradation in the cell ID detection accuracy is observed if no pre-compensation of the Doppler shift is performed. The performance loss can be recovered by UE implementation, e.g. using a high complexity detector.
Proposal 1: Enhancement for UL timing advance range and its acquisition should be studied with consideration of the extremely long propagation delay.
Proposal 2: Multiple TA values can be considered for extremely large cells.
Proposal 3: Including gap information in SIB for NTNs can be considered in NR.
Proposal 4: Existing NR preamble format could be considered for supporting HAPS.
Proposal 5: Enhancement on NR preamble format including introducing new preamble format could be considered for spaceborne vehicles.
Proposal 6: Using repetition of the sequence and enlarge the CP length could be considered for enhancement on designing preamble format for NTN systems.
Proposal 7: RAN1 shall determine the SCSs of SS/PBCH block for NTN bands and inform RAN4 to capture them in the corresponding specifications. 
Proposal 8: RAN1 shall study whether NR Rel-15 CORESET#0 configuration can be reused for NTN bands, taking into account the channelization and synchronization raster design in RAN4. 
Proposal 9: Signaling initial estimate of Doppler shift by a gNB to a UE could be considered for high Doppler shift in NTN systems.
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