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1. Introduction
According to the discussion in RAN1#97 and RAN1#98 meeting, agreements on the DL/UL synchronization, PRACH in NTN, have been made as listed in Appendix A.
In this document, a summary of the contributions under AI 7.2.5.3 at RAN1#98bis are included with detailed discussion and proposals under corresponding section. Views from each companies are listed in Appendix B.
2. PRACH
Analysis and performance evaluation for the PRACH based on the simulation agreements are have been conducted:
According to the simulation results, robust performance can be achieved by existing Rel-15 PRACH design with pre-compensation of timing advanced and Doppler [CATT]. Then, the reuse of existing Rel-15 PRACH is proposed by [CATT, HW] with consideration on the mandatary UE capability for pre-compensation on the timing and frequency offset based on satellite ephemeris and UE location.  Enhanced receiver for PRACH detection with time domain process is also proposed by [Intel] to support the PRACH transmission with Rel-15 format.
However, at least for the cases without pre-compensation, based on the evaluation results [QC, ZTE, MTK], additional enhancement on the PRACH should be considered to cope with larger differential delay and Doppler shift. Then, new PRACH format are proposed by [MTK, Ericsson, QC, Nokia, Samsung, Mitsubishi, ZTE, Nokia, CMCC]. More specifically, these enhancements can be categorized as following options:
· Option-1: a single Zadoff-Chu sequence based solution. In this way, following the same design principle of Rel-15 PRACH, enlarged SCS, repetition number with/without CP and Ncs are proposed.
· Option-2: Multiple Zadoff-Chu sequences based solution. In this way, two alternatives can be further considered:
· Alt-1: Single preamble will be transmitted by UE, which is composed of multiple ZC sequence, e.g., 2, with different roots. 
· Alt-2: Multiple preambles, e.g., 2, will be transmitted by UEs, and the roots of these preambles are different. 
· Option-3: Gold-/m-sequence based solution. In this way, the preamble is composed of Gold-/m-sequence. Additional modulation, e.g., BPSK or pi/2-BPSK can be also considered to enhance the PAPR and CM properties.
After the online discussion, following agreements have been made in RAN1#98bis:
Agreement:
· If pre-compensation of timing and frequency offset is assumed (e.g., if UE knowledge of geo-location of the UE at the requisite level of accuracy is available), existing Rel-15 PRACH formats and preamble sequences can be reused in NTN.
· FFS: Whether enhancements based on existing formats and sequences, e.g., repetitions and/or larger sub-carrier spacing may be necessary in certain conditions to ensure coverage.
· If pre-compensation of timing and frequency offset is not performed, introduction of enhanced PRACH formats and/or preamble sequences is beneficial.
· At least for the case without pre-compensation of timing and frequency offset, the following options for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-1: A single Zadoff-Chu sequence based on larger SCS, repetition number
· FFS: CP and Ncs
· Option-2: A solution based on multiple Zadoff-Chu sequences with different roots
· Option-3: Gold/m-sequence as preamble sequence with additional process, e.g., modulation and transform precoding
  
Proposal 1: At least for the case without pre-compensation of timing and frequency offset, additional option for enhanced PRACH formats and/or preamble sequences can be considered:
· Option-4: Two complimentary Golay sequences with pi/2-BPSK modulation in time-domain
3. DL synchronization
Analysis and performance evaluation based on the Rel-15 DL RS design (i.e., SSB) with/without consideration on the pre-compensation of frequency offset at satellite side in beam specific way have been conducted:
a) W.r.t the initial synchronization, as proposed by [HW], with pre-compensation of Doppler shift at satellite side, the frequency offset is dominated by the UE oscillator. Robust performance can be achieved, especially for the UE with GNSS. Results from [SS] demonstrates that remarkable performance degradation is observed for cell ID detection without pre-compensation of Doppler shift at satellite side. For enhancing the performance in this case, a high-complexity detector needs be considered in this case [SS, Ericsson].
b) W.r.t the timing/frequency tracking, as proposed by [HW], the impact of the frequency drift is negligible, but autonomously adjustment on the timing drift by UE for DL synchronization need to be considered.  
Moreover, [OPPO] highlights that the autonomous frequency adjustment need to be introduced to adapt the residual Doppler shift. 
According to the above analysis, the following observation on the synchronization of SSB is made:
Offline consensus: 
Observation 2: Additional complexity at receiver side is needed to achieve the robust performance on synchronization based on Rel-15 SSB in case of LEO without pre-compensation of Doppler shift at network side.
W.r.t the tracking performance, due to the lack of simulation results, no solid proposal/observation can be made. Continuous evaluation is expected with consideration on Rel-15 design, e.g., SSB, CSI-RS for tracking.
	Company
	Comments and Views

	THALES
	Option 1: Downlink doppler post-compensation shall be understood as a UE scheme that estimate and compensate accordingly doppler shift and variation experienced by itself thanks to knowledge of the its geo-location, satellite ephemeris and time.
Option 2: Downlink doppler pre-compensation shall be understood as a gNB scheme that estimate and compensate accordingly the doppler shift and variation experienced at the centre of the beam thanks to knowledge satellite ephemeris, time and beam pattern.
UEs not at beam centre will experience  a residual Doppler that depend of the beam size that UE shall tolerate or post-compensate.

	
	

	
	


4. Timing advanced
Based on the previous agreement, discussion on the remaining issues for TA in NTN are conducted by companies:
W.r.t the Option 1, compensation on the UE-specific differential TA is preferred by [CATT] together with the additional indication on the common reference TA. But, in order to avoid the additional complexity due to the management on the timing offset between DL and UL frame at gNB side, full-TA compensation is preferred by [Ericsson, ZTE].  Moreover, for this solution, the indication of Timing calibration information is proposed by [PCL].
W.r.t the Option 2, regarding the common TA calculation, up to gNB is proposed by [Ericsson] with potential updating [ETRI], but additional restriction are highlighted by companies, e.g., altitude of reference point should be based on the sea level [Asia Pacific Telecom co. Ltd] or maximum altitude of an NTN UE [Sony], location of reference point should be beam center [CMCC], value should be at most equal to the minimum TA allowed within a cell [Nokia]. 
In addition to the broadcasting of common TA, introduction of additional UE-specific differential TA signalling from gNB is also preferred by [MTK, SS, ZTE, PCL, CMCC, Nokia]. Moreover, with consideration of the large coverage of NTN, extension of TA range in RAR is also highlighted, e.g., directly extension of number of bits [MTK, ZTE], introduction of scaling factor [Nokia]. And supporting the potential negative value for UE-specific differential TA adjustment is also proposed by [PCL].
For handling the TA variation due to satellite movement, directly DCI based TA adjustment is proposed by [Ericsson], but indication of the parameter, i.e., timing drift, for UE is proposed by [MTK, ZTE, QC, Nokia]. The signalling of such indication can be traditional MAC CE command or DCI (e.g., group-common DCI). 
According to the above analysis, the following proposals are made:
Proposal 2: W.r.t the Option 1 of TA adjustment for UL transmission, both of following alts are considered: 
· Alt-1: Compensation of the full-TA is conducted at UE side. 
· Note: Full-TA includes impact due to service link.
· FFS: impact of feeder link
· Alt-2: Compensation of UE specific differential TA only is conducted at UE side.
· FFS: the reference point for UE specific differential TA calculation
Proposal 3: W.r.t the Option 2 of TA adjustment for UL transmission in NTN, 
· Single reference point per beam for common TA calculation is considered as baseline.
· Rel-15 signaling for UE-specific differential TA indication from BS is considered
· Extension of range for TA indication in RAR.
· FFS: the negative value
Proposal 4: Indication of timing drift rate by gNB is beneficial to enable the TA adjustment.
· FFS: frequency drift rate
	Company
	Comments and Views

	Spreadtrum
	As UE vendor, we prefer to compensate only UE-specific differential TA at UE side. This is because that maintaining full TA by UE will increase UE complexity. In addition, if full TA is maintained by UE, then the processing timeline may would become very stringent for UE compared to Rel-15.

	CATT
	For proposal 2, we don’t think it is reasonable proposal. Actually in bent-pipe case, full TA compensation is impossible due to unknown information for gateway position. UE specific differential TA compensation would be one simper solution to minimize the TA specification change.
For proposal 3, based on previous agreement, it is mainly used in without GNSS position case. Technically, both UE specific differential TA compensation and full TA compensation are workable. If intended to simplify UE behaviour, UE specific differential TA is preferred.
For proposal 4, from gNB perspective, only cell specific timing drift rate can be indicated. But for larger beam size case, its benefit should be further checked.

	THALES
	gNB shall pre-compensate all common TA from the centre of the beam to the satellite or even to the GW if the satellite is transparent.
UE shall compensate differential delay caused by its specific location in the beam using the TA procedure.
We agree that proposal 4 could permit to diminish TA adjustment rate.

	Nokia
	For Proposal 3
· Besides the solution of extended bit number, the TA range in RAR can be extended by applying a scaling factor which can be determined and broadcast by the gNB. 
· In the existing NR, the value of TA in RAR is non-negative. Therefore, it is more reasonable to keep non-negative value range for TA in RAR in our understanding.
· In addition to common TA, the differential TA at multiple reference points in the beam coverage can also be broadcast to assist UE obtain more accurate TA adjustment.
For Proposal 4
The TA variation over time is location dependent and can be represented by the set of polynomial functions. A function index can be signalled to UE for TA adjustment to reduce signalling overhead.


5. UL frequency synchronization
Based on the previous agreement, discussion on the remaining issues for TA in NTN are conducted by companies:
As proposed by [CATT], the indication on the whether the common frequency pre-compensation or post-compensation is conducted at gNB side can be considered. More specifically, the beam-specific value is preferred by [Nokia] to support the multi-beam transmission.
W.r.t to the remaining UL frequency offset, indication of the estimated value from gNB to UE is proposed by [Ericsson, Intel, QC, OPPO] and additional Doppler rate is also preferred by [Ericsson] to enable the automatically tracking. Implementation based solution to handle the UL frequency offset via the receiver at gNB side is also proposed by [Intel].
Moreover, as highlighted by [QC], enhancement on the UL RS, e.g, SRS, can be considered for improving the TA and UL Doppler offset estimation.
According to the above analysis, the following observation on the synchronization of SSB is made:
Proposal 5: For the frequency offset correction in UL transmission,
· Indication of common frequency offset pre-/post compensated by BS, is considered if pre-/post compensated is conducted by BS.
For others, comparing to the previous agreement, since no further details with majority views are proposed, no solid proposal/observation can be made. Continuous analysis and discussion are expected in next meeting.
	Company
	Comments and Views

	MTK
	For QC’s consideration of enhanced SRS. We can first check whether SRS enhancement for Positioning defined in Rel-16 is applicable or not

	THALES
	Option 1: Uplink doppler pre-compensation shall be understood as a UE scheme that estimate and compensate accordingly doppler shift and variation experienced by itself thanks to knowledge of the its geo-location, satellite ephemeris and time.
Option 2: Uplink doppler post-compensation shall be understood as a gNB scheme that estimate and compensate accordingly the doppler shift and variation experienced at the centre of the beam thanks to knowledge satellite ephemeris, time and beam pattern.
UEs not at beam centre will experience  a residual Doppler that depend of the beam size that UE shall pre-compensate if gNB is not able to tolerate it.
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For DL synchronization:
Agreements in RAN1#97:
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 in RAN1#98:
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
For UL frequency synchronization:
Agreements in RAN1#97:
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
Agreements in RAN1#98:
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.
For UL Timing advanced:
Agreements in RAN1#98:
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
For PRACH:
Agreements in RAN1#97:
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
Agreements in RAN1#98:
Companies are encouraged to provide the evaluations based on agreed assumptions for the following cases to justify their proposed PRACH design: 
	
	Elevation angle
	Differential delay
	UL Frequency offset (Both S- and Ka-band)
(with compensation of common Doppler)
	Beam Set at satellite

	Case 1
	90 degree for LEO
	Small
	Large
	Set-2

	Case 2
	45 degree for LEO
	Medium
	Medium
	Set-2

	Case 3
	10 degree for GEO and 30 degree for LEO
	Large
	Small
	Set-2

	Case 4
	With both open loop timing and frequency compensation
	Small
	Small
	Set-2

	Note 1: For channel model, NTN TDL-D is considered. Delay scaling factors equals to the mean delay spread and mean K factor for suburban LOS at corresponding elevation angle for each case. Omni-directional antenna with single antenna element is considered for UL transmission.
Note 2: Companies are encouraged to report the receiver for PRACH detection.
Note 3: As the baseline, the number of UEs that simultaneously access the network in a single random access occasion (RO) is 2.
The two UEs may have different timing offsets/Doppler, which are randomly picked within the [0 Max_differential_delay]/[-max_UL_frequency_offset  max_UL_frequency_offset] per case;
Note 4: Fixed power offset between UEs is 3dB.
Note 5: Metrics including CDF of estimation error for frequency/timing, FAR (Based on the preamble pool size is not less than 64), MDR, are considered.
Note 6: The SINR of the stronger UE for simulation is based on the SNR from link budget (with bandwidth for UL = 1MHz for VSAT in Ka, and Handheld for S) with additional offset (e.g., [-6 - log10(Bandwidth [MHz])] dB) per case.
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	Contribution
	Observation/Proposals

	R1-1909983 
MTK
	Observation 2-1: The ZC sequence may induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing
Observation 2-2: The double-rooted ZC sequence for transmission may require two CP periods. Therefore the overhead is increasing  
Observation 3-1: The Gold sequence or M-sequence based method do not shift the correlation peak under frequency offset
Observation 3-2: During detection, the Gold sequence or M-sequence based method may suppress the magnitude of the correlation peak under frequency offset. This property can be further used for the frequency offset estimation at least for the integer part of the frequency offset in terms of subcarrier spacing, when the receiver forms multiple hypothesis branches for different frequency correction  
Observation 3-3: The Gold sequence or M-sequence based method do not induce harmonic peaks during correlation when frequency offset is not exactly equal to the frequency of multiples of subcarrier spacing
Observation 4-1: For initial simulation results. The detection rate is defined as that, after receiver processing, the UE power is above a threshold, and the corresponding estimate of time delay is within a range
Observation 4-2: For initial simulation results. It is observed that, for double-rooted ZC sequence method, the erroneous detection may happen when detecting the maximal peak for each sequence. This is due to the presence of strong harmonic peak. After being perturbed by interference and noise, the harmonic peak may become larger than the preferred peak for each sequence, independently
Observation 4-3: The M-sequence exhibits very close CM distribution to the ZC sequence, while the Gold sequence with pi/2-BPSK modulation has the best CM distribution 
Observation 5-1: The beam diameter, maximum differential delay, and maximum residual frequency offset under pre-compensation are the crucial parameters for each satellite beam under a certain elevation angle
Observation 5-2: Besides the elevation angle, another key factor is the angle of defining half power from the boresight for the antenna radiation
Observation 5-3: According to the Set-2 satellite parameters, the antenna diameter is given as 1 meter for LEO. This value may lead to 4.4o as the half-power angle from the boresight
Observation 5-4: For 600Km orbit, 2GHz carrier frequency and elevation angle = 90o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 93Km, 52.1us and 7670Hz
Observation 5-5: For 600Km orbit, 2GHz carrier frequency and elevation angle = 45o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 153.2Km, 654.4us and 6060Hz
Observation 5-6: For 600Km orbit, 2GHz carrier frequency and elevation angle = 30o, the corresponding beam diameter, two times of the maximum differential delay, and two times of the maximum residual frequency offset are 256.2Km, 1390us and 4950Hz
Observation 6-1: The PRACH preamble design in LTE and NR actually links the CP length and GT length. It is observed that CP length is equal to GT length + maximum delay spread. Moreover, the GT length is related to the maximum RTT
Observation 6-2: The GT length maybe related to the two times of the maximum differential delay under NTN scenario
Observation 6-3: The possible reason to link CP length and GT length could be the simplification of PRACH receiver. During the uplink slot, the gNB receiver may just apply a fixed window to detect the PRACH with all possible delays
Observation 6-4: When CP length is smaller than the GT length, a sliding window or multiple fixed windows maybe needed to improve the detection performance. This is because that a fixed window may not contain a complete sequence, thereby reducing the received SINR
Observation 7-1: The maximum initial TA command in RAR is not sufficient to advance UL transmission timing for any of the NTN scenarios
Observation 7-2: Using a coarser granularity for the initial TA granularity is likely to result in significant inter carrier interference due to loss of orthogonality between PUSCH transmissions for Msg3  
Observation 7-3: Using 3 additional bits to indicate the initial TA in the RAR increases the range of TA to {1, 2, .., 30768}, which allows a maximum TA of up to 16 ms
Observation 7-4: Impact of time drift on TA update could result in significant signaling overhead
Observation 7-5: Impact of timing drift can result in higher transmission timing error than ±Te
Proposal 3-1: Study new PRACH preamble sequence design options robust to frequency offset, where at least the following candidates can be considered:
· Gold sequence
· M-sequence
Proposal 6-1: Consider CP length < GT length for overhead reduction, when assuming GT length = max RTT
Proposal 7-1: For NTN, the initial TA command is indicated with 15 bits in the Random Access Response message
Proposal 7-2: gNB includes expected timing drift in TA command for UE in connected mode based on satellite ephemeris

	R1-1910064 
HW
	Observation 1: With pre-compensation, the frequency offset in DL is mainly due to UE local oscillator error.
Observation 2: For non-GNSS UE, the SSB design in NR Rel-15 is sufficient if the cost on detection complexity, processing latency and detectable SNR are acceptable.
Observation 3: For GNSS UE, the SSB design in R-15 is sufficient.
Observation 4: The impact of timing drift in DL synchronization is non-negligible and a UE needs to adjust the timing point autonomously between two pilot signals to avoid possible ISI due to DL timing drift in LEO.
Observation 5: The impact of frequency drift in DL synchronization is very small.
Observation 6: For non-GNSS UE, the overhead in the preamble CP due to the large differential delay is a big challenge to the system.
Observation 7: The extended initial TA with the scaling factor [image: ] may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Observation 8: Increase the bit width of the TA command for UE without GNSS, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Observation 9: For UE equipped with GNSS, increasing the bit width of the TA command can be avoided.
Observation 10: In LEO scenarios, gNB has to frequently send TA commands to each UE if barely based on closed-loop TA adjustment, introducing huge signaling overhead.
Observation 11: Compared with sending TA commands frequently to the UE, signaling overhead can be greatly reduced if the UE is able to update the TA by itself.
Proposal 1: To compensate the UL frequency offset, the following options can be considered:
Option 1: gNB indicates frequency offset to each UE.
Option 2: gNB indicates frequency drift rate to each UE.
Option 3: UE estimates frequency offset or frequency drift rate by itself.
FFS: Details of signaling considering overhead and accuracy 
Proposal 2: UE should support autonomous TA adjustment with the help of the timing drift rate. The following options can be considered:
Option 1: gNB indicates the timing drift rate to each UE.
Option 2: gNB broadcasts a cell/beam-specific common timing drift rate.
Option 3: UE estimates the timing drift rate by itself.
FFS: Details on signaling and forms
FFS: Overhead and accuracy 
Proposal 3: Discuss whether the Rel-16 NTN SI or the potential Rel-17 WI should prioritize the UEs with GNSS capability.

	R1-1910165 
CMCC
	[bookmark: OLE_LINK4][bookmark: OLE_LINK3]Proposal 1: Option 1 and Option 2 can be joint used to adjustment TA for UL transmission. Option 2 is used to acquire common TA, Option 1 is used to adjust UE specific TA。
Proposal 2: The reference location for common TA calculation can be defined as the distance between satellite and cell center (beam spot center).
Observation: RACH needs to be enhanced if no open loop frequency compensation is used 
Proposal 3: Open loop frequency compensation solution needs to be studied, including using UE’s location & satellite’s track or utilizing DL signal.

	R1-1910338 
CATT
	Observation 1:  A common reference TA can be indicated by the network to divide the total TA into two parts, where one is common TA and another is UE specific differential TA.
Observation 2:  If only UE-specific differential TA is compensated, timing offset between gNB DL and UL frame is maintained by the gNB, which simplifies UE TA compensation. 
Observation 3:  RAR message can further help UE to do finer TA compensation.
Observation 4: In UL TA compensation of the UE without GNSS-capabilities, besides full TA compensation, UE differential TA compensation is also feasible because the common TA can be compensated by the gNB.    
Observation 5: NR R15 PRACH format is robust to survive in the case with open-loop timing and frequency compensation.
Observation 6: The performance of new PRACH design needs further evaluation in view of the complexity of NTN scenarios and challenges due to without UE location information.
Proposal 1: Indicate if common frequency pre-compensation or post-compensation has been done in the network via the SIB signaling. 
Proposal 2: Introduce cell specific tracking RS to improve frequency error estimation instead optimizing UL frequency compensation indication.
Proposal 3: In Autonomous TA acquisition, common reference TA can be indicated by network to facilitate the UE specific differential TA calculation and compensation. 
Proposal 4: In Autonomous TA acquisition, RAR message should carry TA indication to assist UE to do finer TA compensation.
Proposal 5: For the UE without GNSS capability, UE can transmit the PRACH without timing advance, and network compensates the common TA.
Proposal 6: Suggest to down-prioritize the use case without GNSS capability.
Proposal 7: Support both open-loop and close-loop TA compensation in NTN scenarios.

	R1-1910364 
ZTE
	Observation 1: The large frequency offset in NTN scenarios can be handled with SCS larger than 2*max FO in most simulation cases. 
Observation 2: PRACH format with larger number of repetition will enhance the performance for both detection and FO/TO estimation.
Observation 3: Multiple roots based PRACH design can support the UE detection in NTN cases with small SCS.
Proposal 1: New PRACH design with following approaches can be considered in NTN:
· Approach 1: Single root based sequence with large SCS/repetition number and no CP/Ncs 
· Approach 2: Multiple roots based sequence without CP
Proposal 2: Deprioritize the Option-1 of TA adjustment for UL transmission.
Proposal 3: Full-TA compensation instead of UE-specific differential TA only should be considered.
Proposal 4: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, additional UE-specific differential TA signaling from BS should be supported.
Proposal 5: W.r.t the Option-2 of TA adjustment for UL transmission in NTN, assumption on the single reference point for common TA calculation can be considered as the baseline.

	R1-1910387 
OPPO
	Proposal 1: Introducing autonomous frequency adjustment to quickly adapt the residual Doppler shift in DL receiving, in case DL is with pre-compensation.
Proposal 2: Evaluating the gNB assistant UL pre-compensation mechanism for UE transmission in UL.
Proposal 3: UE can be indicated with an instant Doppler shift. The indication can be applied to TA change.

	R1-1910429 
Mitsubishi
	Observation 1: For a given maximum residual Doppler value after pre-correction, the maximum diameter size depends (increases) of the altitude.
Proposal 1: For residual Doppler evaluations, set the maximum acceptable footprint diameter as a function of the altitude.
Proposal 2: The common TA is broadcasted to all users within the coverage of same beam.
Proposal 3: For TA maintenance, support at least the closed-loop solution.
Proposal 4: Consider study on a new PRACH sequence for NTN.

	R1-1910481 
Samsung
	Error! Reference source not found.
Error! Reference source not found.
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.

	R1-1910658 
Intel
	Observation 1: 
· Robust PRACH detection performance can be provided by the Rel. 15 PRACH preamble with time-domain processing
Proposal 1: 
· Consider Rel. 15 PRACH preamble structure with time-domain PRACH processing for NTN
Proposal 2: 
· Study the following solutions for large UE-specific UL frequency offset
· Closed-loop frequency control, where the value of UE-specific frequency offset is explicitly or implicitly indicated to the UE 
· Advanced gNB receiver with post-compensation of UE-specific UL frequency offset

	R1-1910747 
Sony
	Observation 1: Even a positioning capable UE needs additional information from the network about the satellite to autonomously calculate the TA. 
Observation 2: gNB would need to frequently send TA adjustment commands for all served UEs especially for LEO.
Observation 3: Autonomous TA adjustment can reduce frequency of TA adjustment commands sent by the gNB especially for LEO. 
Observation 4: The maximum UE-specific differential TA in NTN will be larger than the TA in terrestrial networks and so require more bits for TA in the RAR. 
Proposal 1: RAN1 should agree the maximum altitude of an NTN UE and use this as the reference point for calculating the common TA.
Proposal 2: RAN1 should study Option 2 for initial TA acquisition as a unified solution.
Proposal 3: RAN1 should study autonomous TA adjustment by UEs especially for LEO.

	R1-1910846 
Asia Pacific Telecom co. Ltd
	Proposal 1 The reference point(s) for common TA calculation shall be based on the sea level.
Proposal 2 At least for Msg1 transmission, support of autonomous TA correction at UE with known location/altitude information when there is no satellite ephemeris shall be considered.

	R1-1910864 
PCL
	Observation 1: In NTN the TA maintenance can not only depends on gNB indication.
Proposal 1: The propagation delay of UE in NTN should be separate into two parts, common delay D1 and UE-specific delay D2.
Proposal 2: The UE-specific delay D2 should be able to handle the difference value between the largest UE to satellite distance and smallest distance.
Proposal 3: The UE-specific delay D2 should include negative amount.
Proposal 4: The ephemeris information should be stored at UE side previously or broadcasted by gNB.
Proposal 5: The UE in NTN should do TA value estimated based on UE position information and ephemeris information.
Proposal 6: The UE directly accessing in NTN must have the GNSS information.
Proposal 7: Increasing the repetition number of preamble sequence may improve the performance of the step 1 in RACH procedure.
Proposal 8: The TA command may be replaced by a timing calibration information to improve the accuracy of TA value estimated at UE side.

	R1-1910982 
Ericsson
	Observation 1	Robust initial DL synchronization performance can be achieved without DL pre-compensation but with a significant increase in receiver complexity.
Observation 2	Continuous frequency tracking will be necessary to mitigate the Doppler shift variation in LEO NTN.
Observation 3	Doppler shift appears to vary approximately linearly with time in each cell.
Observation 4	The trends observed for S-band carry over to Ka-band.
Observation 5	The linear approximation of Doppler shift (as a function of time) becomes more accurate as cell size and/or constellation size is reduced.
Observation 6	If a Doppler rate is signaled to the UE according to Proposal 2, it can be used by the UE also for linear Doppler frequency pre-compensation of the UL signal.
Observation 7	Extending the CP length in a PRACH format beyond an OFDM symbol duration is equivalent to increasing the number of repetitions in the PRACH format.
Observation 8	The existing NR PRACH formats based on ZC sequences have been designed to facilitate UL timing estimation, with the assumption that the UL frequency offset between UE and gNB is small after DL synchronization. The assumption of small UL frequency offset is not valid in LEO NTN.
Observation 9	Two different ZC sequences are needed for UL timing estimation and UL frequency estimation in LEO NTN.
Observation 10	If an NTN network needs to serve UEs with different capabilities, both Option 1 and Option 2 will be needed.
Observation 11	If the UE of Option 1 applies full-TA before MSG1 transmission, the network needs to only deal with the residual timing error.
Observation 12	If the UE of Option 1 applies UE-specific differential TA before MSG1 transmission, the network needs to deal with a frame timing offset as large as the common delay in the cell/beam.
Observation 13	If the UE applies UE-specific differential TA, the network needs to cope with a time-varying frame timing offset.
Observation 14	If the UE of Option 1 applies UE-specific differential TA and that of Option 2 applies common TA before MSG1 transmission, the network needs to cope with drastically different frame timing offsets for the two cases.
Observation 15	The network can leverage the timing drift information to send an adjusted TA value that accounts for the expected TA inaccuracy.

Proposal 1	The benefits of pre-programming the UE, or its uSIM, with satellite ephemeris should be studied further by RAN1.
Proposal 2	At least LEO NTN should support network to signal Doppler rate to assist with UE frequency and time tracking.
Proposal 3	RAN1 to update the applicable max Doppler shift value and max residual Doppler shift value in NTN based on the updated assumptions on beam/cell size (3500 km for GEO and 1000 km for LEO).
Proposal 4	RAN1 to study how to detect PRACH preamble for GEO NTN with large max differential delay (up to 10.3 ms) and identify which Rel-15 PRACH formats (defined by CP, subcarrier spacing, length, etc.) are suitable for use in S-band GEO and Ka-band GEO, respectively.
Proposal 5	At least for LEO NTN, a suitable PRACH format should be designed to facilitate both UL timing estimation and UL frequency estimation.
Proposal 6	A suitable PRACH format for LEO NTN should be composed of two parts: the first part is a ZC sequence transmitted using an existing NR PRACH format, and the second part is a ZC sequence that is the complex conjugate of the first ZC sequence.
Proposal 7	The UE in Option 1 applies full-TA before MSG1 transmission and the UE in Option 2 applies the signaled common-TA before MSG1 transmission.
Proposal 8	The reference point for common TA calculation is up to network configuration.
Proposal 9	Consider using DCI to transmit timing advance command to cope with the large timing drift in LEO NTN.
Proposal 10	UL frequency correction command can be transmitted in MSG2 and MAC CE. FFS DCI based frequency correction command.

	R1-1910998 
ETRI
	Proposal 1:	The gNB may adjust the number of broadcasted common TAs and may configure related information. This may be associated with the information of SSB. In addition, it may be useful to configure a signal by separating the common TA of the feeder link and the common TA of the service link in terms of overhead.
Proposal 2:	The common TA may be used for the RACH preamble transmission time, monitoring starting time offset for RAR, Msg4, MsgB, and beam management, and scheduling offset. When configuring UE-specific differential TA signaling in initial access, the RACH preamble transmission time of UE may be considered.
Proposal 3:	In the case of LEO, the update of the common TA may be considered in the TA adjustment procedure.
Proposal 4:	Methods to reduce the maximum differential delay that the RACH preamble should consider may be studied. As an example, a method of allocating the same RACH occasion for UEs having similar differential delay may be considered.

	R1-1911004 
Panasonic
	Proposal 1: TA should compensate only service link (i.e. satellite-UE link) delay, and the delay caused by feeder link and satellite processing should be managed by the network.  
Proposal 2: Discuss solution for PRACH reception timing ambiguity for GNSS non-capable UE. If significant impact on the specification is needed to support GNSS-non-capable UE, phased approach, i.e. only GNSS capable UE in Rel.17 and GNSS capable UE support in later release, should be considered.

Observation 1: to support max differential delay for both GEO and LEO without GNSS based TA, just extending CP length for existing PRACH format is not sufficient.
Observation 2: Frequency offset for S-band can be supported by existing PRACH format, format 0-2 for GEO and format 3 with restriction set B for LEO. To support frequency offset for Ka-band due to satellite movement and/or high velocity terminal, PRACH format with 240kHz SCS would be needed. 
Observation 3: For LEO, 1000km/h can not be supported even with SCS=240kHz in multi-path fading channel. Because 1000km/h assumption is targeting aircraft, evaluation with AWGN channel (only Doppler frequency shift for 1000km/h considered) would be sufficient.
Observation 4: More repetitions to Rel.15 PRACH would be needed for S-band (long preamble).  
- For S-band GEO (handheld terminal), Format 2 (SCS1.25kHz) with more than 16 repetitions would be needed. 
- For S-band LEO600km/1200km (handheld terminal), Format 3 (SCS 5kHz) with more repetitions, e.g. 20 repetitions, would be needed. 
- For Ka-band GEO and LEO600km/1200km (VSAT), the number of repetitions defined in Rel.15 would be sufficient.

	R1-1911115 
Qualcomm
	Proposal 1: For NTN operations that don’t require UE’s knowledge of geolocation, support periodically broadcasting of the common round-trip delay and Doppler frequency of a beam.
Observation 1: New PRACH design is needed when the product of maximal delay and maximal frequency offset is greater than 0.5.
Observation 2: The 2-rooted  PRACH preamble design considerably increases the supported beam footprint diameters in NTN. 
Proposal 2: For NTN, consider the use of 2-rooted preambles and study related PRACH occasions design. 
Proposal 3: For NTN, support PRACH format configuration per beam.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 
Observation 3: NR closed-loop timing control mechanism is not sufficient for NTN.
Proposal 5: In NTN, UE autonomous open-loop timing control is required.
Proposal 6: For LEO and MEO satellites, support broadcasting of parameter(s) to indicate the timing variation rate, e.g., v*cos where v is the satellite velocity and  is the angle between satellite moving direction and the line connecting satellite and the beam center.
Proposal 7: Consider group-common DCI for UL timing control in NTN.
Proposal 8: Study enhanced SRS design to support efficient estimation of large timing and frequency offset.

	R1-1911113 
Qualcomm
	Observation 1: The 2-rooted PRACH preamble design allows estimation of delay up to the CP duration and frequency offset up to half of the preamble bandwidth.

	R1-1911220 
Nokia
	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.
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