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1. Introduction
In previous meetings, following agreements have been achieved for UL timing and PRACH in NTN:
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 
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
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 document, a summary of the contributions under AI 7.2.5.2 at RAN1#98 are included on following aspects: 
1. Timing and frequency synchronization
· DL 
· UL
· Frequency offset
· Timing advanced  
· Initial TA acquisition and indication 
· Maintenance of TA
2. PRACH
· PRACH format 
· PRACH procedure
3. Others
Detailed discussion and proposals are provided under corresponding section. And views from each companies are listed in appendix.
2. Timing and frequency synchronization
The timing/frequency synchronization issues have been discussed for both DL and UL. More specifically,
1. DL synchronization: 
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) Results from [HW, ZTE, CATT, CAICT] demonstrates that the robust performance on detection of SSB can be achieved by Rel-15 SSB design. But degraded performance is shown by [SS, Sony]. In case of degradation, performance enhancements on SSB, e.g., larger SCS, are proposed.
b) W.r.t the timing/frequency tracking, considering the movement of satellite, further investigations, e.g., acquisition of DL timing/Doppler drifts, are suggested by [HW, CAICT, Ericsson, ZTE]. Additional evaluation on the frequency tracking due to the existence of pre-configured common Doppler per beam is mentioned by [Thales] in case of handover or beam switching procedure. 
Moreover [CATT, CAICT], highlight that this value is transparent to UE.
Based on the above summary, following proposal is provided according to majority view:
Offline consensus:
Observation 1: For the DL synchronization in NTN: 
· SSB design in Rel-15 can provide the robust performance (i.e., synchronization) in following cases
· GEO
· With pre-compensation for LEO 
· Note: The above observation can be revised if proved by other results
· FFS: Without pre-compensation for LEO
· With consideration on, e.g., latency, complexity for SSB detection
Proposal 1:  Enhancements on the timing/frequency tracking can be considered if needed
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2. UL synchronization:
Discussion on how to handle the impacts of timing/frequency offset are conducted by companies with different views, e.g. open/closed loop method. For aligning the views, as proposed by [Ericsson], clarification on the definition of closed/open loop methods should be done firstly.
Based on the above summary and previous discussion, following proposal is provided:
Proposal 2: Capturing the following definition of terminology into TR38.821 for UL synchronization
· Open-loop method: It refers to the case that the UE adjusts the timing/frequency for UL transmission according to the parameters only obtained by self-calculation. 
· Closed-loop method: It refers to the case that the UE adjusts the timing/frequency for UL transmission according to the parameters only obtained by network indication.
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· For frequency offset
[Nokia] highlights that UL Doppler compensation is needed at UE side. Evaluation on the performance is suggested by [OPPO]. According to the results from [HW, CAICT], UL frequency offset will be up to double oscillator errors if pre-compensation is done at UE side. [CATT, CAICT] propose that the open loop UL frequency pre-compensation at UE side calculated by the location and satellite ephemeris should be taken as baseline. In this way, [CATT, CAICT, Mitsubishi] further propose that the common frequency offset for UL, e.g., post-compensated by satellite, should be indicated to UE and [QC] highlights that it is only for the UE without knowledge of geolocation.
[MTK, HW, CAICT, Intel] mentioned that for UL frequency synchronization, the UL frequency offset equating the 2*f_d (f_d refers the Doppler shift observed from downlink) should be considered. And closed-loop method for UL frequency compensation, e.g., the gNB will signal a frequency adjustment command to UE, are proposed by [Ericsson, QC, Panasonic, Samsung]. Potential enhancement on SRS for UL frequency estimation can also be considered [QC].
Additional, clarification on the FFS part in previous agreements are expected by [Ericsson].
Based on the above summary and previous agreements, following proposal is provided:
Proposal 3: For UL frequency compensation at least in LEO systems:
· For closed-loop method :
· UE-specific frequency offset is indicated by gNB to UE
· FFS on the signalling methods
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· For timing advanced
Discussion on the timing advanced is conducted on the initial TA acquisition and following maintenance.
For the initial TA acquisition: 
Indication of the full common TA (i.e., 2 times of transmission delay between network and reference point) from network to UE are proposed by [HW, CAICT, Nokia, Mitsubishi, ETRI, CMCC, ZTE] in broadcasting way and [Panasonic] highlights this value is preferred by the GNSS-incapable UE. Meanwhile, indication of the partial common TA is also mentioned by [HW, CAICT], in which, residual TA should be maintained by the network-self. The consideration on the UE height for the common TA calculation is also highlighted by [Nokia]. The extension of TA range indicated in RAR is proposed by [HW, CAICT, Nokia, Intel, CMCC, ZTE, Ericsson] including extension of bits field or introduction of scaling factor. 
For the open-loop procedure, [CATT, CAICT, Pengcheng laboratory, Panasonic] propose that the calculation of TA can be done by UE based on the knowledge of UE location and satellite ephemeris without indication from gNB. But [ZTE] propose that additional indication of common TA should also be considered even in open loop procedure, especially for satellite with transparent payload. Furthermore, [CATT, CAICT] propose that with indication of common reference distance, UE will only compensate UE specific TA based on self-calculation, while residual timing offset between DL and UL frame will be maintained by gNB of one cell or one satellite. 
For the TA maintenance: 
As mentioned by [HW, CAICT, Nokia, OPPO, Ericsson, ZTE], considering the TA drift, indication of parameters from gNB to UE can be considered to enable autonomous TA update by the UE. Moreover, for reducing the signalling overhead, cell/group-specific signalling can be considered [HW, CAICT, QC, ZTE].
Based on the above analysis, following proposal is proposed according to majority view:
Proposal 4: Both open and closed methods can be considered to support TA adjustment for UL transmission in NTN:
· For open loop methods
· Autonomous acquisition of the TA at UE with known location and satellite ephemeris:   
· FFS on how to compensate the TA, e.g., full TA or only UE specific TA 
· Note: If only UE specific TA is compensated, timing offset between DL and UL frame should be maintained by network and acquisition of common TA may be needed.
· FFS on additional assist information from BS considering the potential inaccuracy.
· For closed-loop methods
· Indication of common TA to all users within the coverage of same beam with following
· Broadcasting can be considered as baseline for signalling, e.g., via SIB/MIB
· Additional UE-specific TA indicated in RAR with extension of existing TA range
· FFS on the reference point  for common TA calculation (e.g., with/without consideration on UE altitude)
· Additional enhancements can be considered for TA maintenance
· Parameters indicated by gNB to enable the autonomous TA adjustment
· Cell/group-specific signalling
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3. PRACH
3.1. PRACH format
The performance evaluation of the existing PRACH format have been conducted by [MTK, HW, CAICT, Nokia, Samsung, Ericsson, QC, ZTE]. According to these results, with consideration on the Doppler and differential delay, the Rel-15 PRACH format can be not be used to supported the NTN cases, except for the PRACH format in S band [Panasonic]. With consideration of compensation of Doppler, the applicable of current preamble may work in certain cases with specific elevation angle of serving satellite/beams [HW, CAICT].  [CATT, CAICT] highlights that robust performance can be achieved by existing PRACH format in NTN with consideration of open loop method for timing and frequency compensation.
For enhancing the PRACH performance, new PRACH can be developed for NTN [Mitsubishi], with following method, e.g., extension of CP [HW, CAICT, Nokia, CATT, Intel], large SCS [HW, CAICT, Nokia, Samsung, Sony, Panasonic], enlarged repetition number [Pengcheng laboratory, Nokia, CATT, ZTE] and new restriction set [MTK]. New sequence design, e.g., multiple-roots [QC], disabling of Ncs [ZTE] is also provided. Besides, improvement on the legacy PRACH detector is proposed to be considered in NTN [Ericsson].
Based on the above analysis, following proposal is provided according to majority view:
Observation 2: Existing Rel-15 PRACH formats are not sufficient to support all NTN cases, at least for UL transmission with closed-loop procedure for timing/frequency adjustment:
Offline consensus
Proposal 6: Design of a new PRACH format can be considered in NTN.
· Following enhancement(s) can be considered 
· Larger SCS
· Enlarged repetition number
· New restriction set
· Extended CP
· Note: in some cases, extended CP can be considered an additional repetition unit
· Single/Multiple-roots based sequence
· Note: Disabling the usage of Ncs can be considered
· Other methods are not precluded.
Proposal 7: Companies are encouraged to provide the evaluation results based on following assumption 
Performance evaluation can be conducted in following cases:
	
	UL coverage (i.e., differential delay)
	UL Doppler
 (with compensation of common Doppler)

	Case 1
	Small
	Large

	Case 2
	Medium
	Medium

	Case 3
	Large
	Small

	Case 4
	Small
	Small

	· Note 1: Cases refer to following exemplified situations:
· Case 1: Serving satellite/beams with large serving elevation angle, e.g., around 90 degree, or with open loop timing compensation
· Case 2: Serving satellite/beams with medium elevation angle (e.g., around 45 degree)
· Case 3: Serving satellite/beams with small elevation angle (e.g., around 10 degree)
· Case 4: Serving satellite with large elevation angle in GEO cases or with both open loop timing and frequency compensation
· FFS on the consideration of implementation, which will lead to same coverage on the earth for each beam in different elevation
· FFS on the enhancement of PRACH detector
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3.2. PRACH procedure
Consideration on the enhancements for RACH procedure including extension of the delay for Msg-3 scheduling [HW, CAICT, ZTE]. Additional enhancement on the configuration PRACH occasion, e.g., beam specific, is also proposed in [QC] and separate configuration can be considered if different methods, e.g., open/closed, are used for UL timing/frequency correction [Ericsson, ZTE]
W.r.t the enhancement for the RAR window/RA-RNTI related issues, with consideration of the RAN2 discussion and agreement, as proposed by [Ericsson], corresponding decision should be up to RAN2 discussion. Moreover, as highlighted by [Nokia], the UE’s power consumption and reliability should be considered in the random access procedure and UE and satellite positions should be considered if UE location information is available.
Based on the above analysis, following proposal is provided according to majority view:
Proposal 7: Enhancement on existing 4-step RACH procedure can be studied in NTN:
· Agreements on timer/window related issues, e.g., ra-ResponseWindow, ra-ContentionResolutionTimer, will be up to RAN2 decision
· Additional issues, e.g., configuration of RO, association between PRACH and RO, SSB and RO and scheduling of Msg3, can be considered in RAN1. 
· FFS on impacts on the RACH procedure with known UE and satellite information
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Appendix
	Contribution
	Observation/Proposals

	R1-1908015
MTK
	Observation 2-1: Under frequency pre-compensation for NTN scenario, the frequency offset on uplink can generally be expressed as +/- 2*fd, where +/- fd is the frequency offset due to Doppler shift observed from downlink
Observation 2-2: Under NTN scenario, the range of frequency offset of +/- 2*fd on uplink should be investigated. The range of the differential delay between the time delay between the satellite and the UE, and the time delay for the shortest distance between the satellite and a certain beam should also be investigated 
Observation 2-3: The reason to define “equivalent cell radius” is that, in both LTE and NR for PRACH design, there is important relationship between cell radius and the parameter Ncs
Observation 2-4: Under pre-compensation, some beams have the largest residual frequency offset on uplink which are greater than +/- 2.5*1.25KHz, for the satellite at 600km orbit
Observation 2-5: The beam with larger elevation angle may have smaller beam diameter and smaller differential delay. However residual frequency offset on uplink for such a beam could be larger than a beam with smaller elevation angle
Observation 2-6: The residual frequency offset is still quite large for the beam with large differential delay (large equivalent cell radius)
Observation 3-1: For the relationship between cell radius and Ncs, to reach a given cell radius, the sequence with shorter time period (larger SCS) may require larger Ncs
Observation 3-2: When Ncs is larger, the number of orthogonal sequences under a given root index is decreasing
Observation 3-3: For the identified residual frequency offset up to +/- 3*1.25KHz, the restriction set A can be applied for SCS=5KHz PRACH sequence
Observation 3-4: The restriction set A keeps more number of orthogonal sequences than that by restriction set B
Observation 3-5: Both restriction set A and B can’t be applied to SCS=1.25KHz PRACH under max residual frequency offset +/- 3*1.25KHz
Observation 3-6: To support a given cell radius, the PRACH sequence with SCS=1.25KHz may utilize smaller Ncs, which may generate a pool with more number of orthogonal sequences. However, under a given maximum frequency offset, a large number of orthogonal sequences could be removed from the pool
Observation 3-7: To support a given cell radius, the PRACH sequence with SCS=5KHz may utilize larger Ncs, which may generate a pool with limited number of orthogonal sequences. However, under a given maximum frequency offset, a smaller number of orthogonal sequences could be removed from the pool
Observation 3-8: Under +/- 3*1.25KHz frequency offset and under same cell radius, the remaining number of valid cyclic shifts for SCS=1.25KHz PRACH by using a new restriction set is still greater than that by the SCS=5KHz PRACH under existing restriction set A
Definition 2-1: Define “equivalent cell radius” as the longest distance between a beam and satellite – the shortest distance between a beam and satellite. Hence the equivalent cell radius is equal to the maximum differential delay times the light speed
Proposal 2-1: The maximum residual frequency offset on uplink could be up to +/- 3*1.25KHz as the design consideration
Proposal 3-1: We expect to trigger the following discussions for PRACH design under NTN
· Whether a new restriction set for handling +/- 3*1.25KHz frequency offset could be considered for SCS=1.25KHz PRACH, If the orthogonal sequences for PRACH transmission are still preferred
· Whether the preamble format with SCS=2.5KHz could be considered since the supported equivalent cell radius (maximum differential delay) may be larger than that by SCS=5KHz, for orthogonal sequence generation
· Or, We just live with the current design of Rel-15 PRACH on this aspect 


	R1-1908049
HW, CAICT
	Observation 1: The PSS detection rates of SCS15kHz and SCS30kHz are almost the same under the considered fading channels.
Observation 2: The PSS detection rates of SCS120kHz and SCS240kHz are almost the same under the considered fading channels.
Observation 3: The SNR points corresponding to 90% likelihood for all SSB numerologies are about -5dB for the considered fading channels.
Observation 4: The relative residual frequency offset (normalized by SCS) of different SSB numerologies are almost the same under the considered fading channels.
Observation 5: The absolute residual frequency offset increases as the SSB SCS increases.
Observation 6: About 90% the residual frequency offset can be controlled within0.03SCS.
Observation 7: The PSS-SSS based method can provide better frequency tracking performance than the PBCH-DMRS based method.
Observation 8: The absolute timing residual offset reduces as the SSB SCS increases.
Observation 9: The PSS-SSS based method can provide better timing tracking performance than the SSB-DMRS based method.
Observation 10: 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 11: A UE needs to compensate the phase change within a slot due to DL timing drift to ease low complexity channel estimation and equalizer.
Observation 12: It is necessary to acquire DL timing drift rate to avoid potential ISI and compensate phase change.
Observation 13: Aligned to the frequency of DL signal, the UL frequency misalignment at the BS side is double the (residual) Doppler shift.
Observation 14: With the UL frequency pre-compensation at the UE side, the UL frequency misalignment at the BS side is double the oscillator errors.
Observation 15: The UL frequency offset in LEO is a challenge for RACH.
Observation 16: In the closed-loop method, the full common TA can be broadcasted by the gNB in both regenerative satellite and transparent satellite scenarios.
Observation 17: In the closed-loop method, the partial common TA can be broadcasted and the residual delay can be compensated by the gNB. 
Observation 18: In the open-loop method, the UE can calculate the TA for transmitting preamble according to its position and the satellite ephemeris. 
Observation 19: The extended initial TA with the scaling factor [image: ] may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Observation 20: Since the accuracy of positioning worsens in some cases, open-loop TA adjustment mechanism based on UE GNSS and satellite ephemeris may not meet the TA adjustment accuracy requirement in certain cases.
Observation 21: To maintain the uplink time synchronization, gNB has to frequently send TA adjustment commands to each UE in LEO scenarios, which will introduce increased signaling overhead to the system.
Observation 22: 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.
Observation 23: There is no Rel-15 preamble format whose CP length is sufficient for all NTN scenarios.
Observation 24: From the perspective of limiting scenarios, increasing the supported minimum elevation angle or decreasing the supported maximum beam diameter can reduce the requirement of the preamble CP length.
Observation 25: The possible supported minimum elevation angles of different specific beams by Rel-15 preamble format 1 CP length are listed below:
	Format
	Supported minimum elevation angle of beam (degree)

	
	GEO
	LEO-1200
	LEO-600

	
	D=200 km
	D=400 km
	D=100 km
	D=300 km
	D=100 km
	D=200 km

	1
	59
	74
	10
	63
	10
	52


Observation 26: The possible supported maximum beam diameter of different specific beams by Rel-15 preamble format 1 CP length are 104.39 km (GEO, MEA=10 degree), 120.33 km (LEO-1200, MEA=30 degree) and 121.47 km (LEO-600, MEA=30 degree).
Observation 27: Utilizing a positioning method can reduce the requirement for the preamble CP length.
Observation 28: From the perspective of implementation, utilizing the multiple detection method can reduce the requirement for the preamble CP length.
Observation 29: Without consideration of frequency offset, phase noise and CP length,
1) R-15 long preamble formats may work in the S band for LEO-1200 (30 degree) scenarios with respect to SNR.
2) some of R-15 short preamble formats may work in the S band for LEO-1200 (30 degree) scenarios with respect to SNR.
3) except for the format 3, R-15 long preamble formats may work in the S band for GEO (10 degree) scenarios with respect to SNR.
4) R-15 short preamble formats cannot work in the S band for GEO (10 degree) scenarios with respect to SNR.
5) R-15 short preamble formats may work in the Ka band for LEO (30 degree) and GEO (10 degree) scenarios with respect to SNR.
Observation 30: Considering the residual UL frequency offset, LEO-1200 (D=90 km) and LEO-600 (D=50 km) scenarios in Ka band cannot be supported by existing Rel-15 preambles.
Observation 31: To provide higher robustness to UL frequency offset, higher preamble SCS is preferred.
Observation 32: Increasing the CP and GT lengths and the repetition number of preamble sequences may be considered for enhancing the preamble transmission in NTN.
Observation 33: With simple repetition method to extend the CP and preamble sequences lengths, it is not possible to find the exact boundary between the CP and preamble sequences.
Observation 34: The delay for MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH is insufficient.
Proposal 1: Study the potential solutions for DL timing drift rate estimation.
Proposal 2: Take the NTN specific UL frequency offset into the consideration of RACH design.
Proposal 3: To obtain the TA for transmitting a preamble, consider at least the following options:
	Closed-loop method
		Option 1: gNB broadcasts the full common TA.
Option 2: gNB broadcasts the partial common TA and the network compensates the residual delay.
	FFS: Details on signaling and forms 
	Open-loop method
		Option 3: The UE calculates the TA according to its position and the satellite ephemeris. 
			FFS: Effects of positioning error and ephemeris error
Proposal 4: Increase the bit width of the TA command, if the timing accuracy requirement cannot be met when adopting the scaling factor.
Proposal 5: It is necessary to retain the closed-loop TA adjustment mechanism due to positioning inaccuracy, even in case the GNSS of UE and the ephemeris of serving satellites are available.
Proposal 6: Besides utilizing the existing TA adjustment mechanism, UE may also implement self-adjustment of the TA value 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 7: Consider the following options in the study of preamble CP length for NTN:
	Option 1: Utilize a positioning method
		FFS: Effects of positioning error and ephemeris error 
	Option 2: Utilize the multiple detection method
	Option 3: Extend the Rel-15 preamble CP length
FFS: the repetition method 
Proposal 8: Constant offset should be considered for extending the delay of MSG3 on PUSCH and HARQ-ACK of MSG4 on PUCCH.

	R1-1908128
Pengcheng laboratory
	Observation 1. In NTN, the near-far phenomenon will not exist, the UL power control is mainly used to compensation the large path loss.
Proposal 1: In power control procedure of NTN, the open loop method should be used.
Proposal 2: The open loop procedure used for power control should be conservative to guarantee the robustness of transmission.
Proposal 3: Adopting the CSI inference based on CSI report may improve the level of matching between CSI and ACM scheme.

	R1-1908129
Pengcheng laboratory
	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.

	R1-1908229
THALES
	1. RAN WG1 should evaluate the frequency synchronization algorithms behaviour at UE side when correcting the significantly high frequency offsets that can be experienced in NTN
1. RAN WG1 should investigate the impact of high frequency mismatch between the local oscillators used at both sides of the transmission.
1. RAN WG1 should evaluate if the UE frequency synchronization difficulties met in NTN can be overcome by using Doppler shift pre-compensation.
1. RAN WG1 should evaluate the impact of the discontinuities of Doppler shift experienced during H/O or beam switching procedures that are introduced by the pre-compensation mechanism.
1. RAN WG1 should evaluate the impacts of frequency misalignment between the UL RX nominal frequency generated by the gNB and the UL RX experienced frequency on receiving performance.
1. RAN WG1 should evaluate if the difficulties due to frequency misalignments experienced on UL transmissions can be overcome by using Doppler shift post-compensation.
1. RAN WG1 should evaluate the impacts of UL frequency misalignments experienced by the gNB between the UL transmissions on receiving performance.

	R1-1908250
Nokia
	Observation 1: UE can reuse the existing solutions to compensate differential frequency offset for its DL transmission from its geographical beam if SCS is 30kHz or 60 kHz in S band and 240 kHz in Ka band.
Proposal 1: DL Doppler compensation is needed at the UE side for multi-beam measurement and multi-beam receiving even the beam-specific common frequency offset has been pre-compensated at the network side.
Observation 2: UE can reuse the existing solutions to compensate differential frequency offset for its UL transmission corresponding to its geographical beam if SCS is 60 kHz @ 2GHz carrier frequency but might need further enhancement in other cases depending on the size of beam diameter.
Proposal 2: 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 3: RAN1 to study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.
Proposal 4: [bookmark: _Hlk16889749]The TA shall be comprised of a common plus a UE-specific TA, where the common TA must be broadcast by the gNB for each NR cell.  
Observation 3: In order to provide coverage for planes, the common TA must be located up to 18.5 km above Earth’s surface. 
Observation 4: The required TA range of NTN cells in the edge of the area covered by a satellite cannot be accommodated within the current NR TA range in some scenarios. 
Proposal 5: The satellite may broadcast a scale factor, for the initial TA (S0 = 1, 2, 4, …) for expanding the TA range to accommodate for the beam size and UE distance. 
Observation 5: The possible loss in resolution caused by the scale factor can be dealt with subsequent time alignment update commands during or after the random access phase.
Observation 6: Large initial timing advance values may be determined via proprietary TA estimation algorithms.
Observation 7: The maximum delay variation in the air interface caused by the satellite movement (LEO), is above the UE TA accuracy. 
Observation 8: In order to keep the UE time aligned, up to 10 MAC CE Commands are required for the higher SCS in regenerative LEO scenarios and up to 20 MAC CE Commands are required for the transparent LEO scenarios.  
Observation 9: The network can assist the UE to compensate for TA variations depending on the beam this UE is connected to.  
Proposal 6: To enable the UL TA adjustment in LEO scenarios, the UE shall be able to apply TA compensations above those defined in Table 7.1.2-3 of TR 38.133, with network assistance.
Proposal 7: The gNB shall enable autonomous TA update by the UE, by means of signalling supporting parameters for TA correction.
Proposal 8: 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 9: Random access procedure should take into account UE and satellite positions for UE UL transmission if UE location information is available.
Proposal 10: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 11: 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 12: 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 13: Use sequence repetition and enhanced signal processing to overcome high pathloss figures
Proposal 14: Introduce one additional short preamble format to already existing formats.
Proposal 15: Allow scaling factor 4 for all short preamble formats for FR2.
Proposal 16: Support of subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2.
Observation 10: Target missed detection probabilities can be achieved with available short preamble formats in FR1. No subcarrier scaling required with UE specific residual frequency offset compensation.
Observation 11: Increasing number of repetition symbols from 4 to 12 for format C2 improves preamble detection performance.
Observation 12: SCS scaling is required for long preambles and UE not able to compensate residual frequency offsets. No scaling required for UE able to compensate frequency offsets.
Observation 13: Performance gains obtained via increasing number of symbol repetitions are significant for FR2 as well.
Observation 14: Impact of phase noise on PRACH detection performances is small.
Observation 15: Use of long preambles in FR2 seems possible but subcarrier scaling is required.

	R1-1908488
Samsung
	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.
Proposal 1: Enhancement for UL timing advance range and its acquisition should be studied with consideration of the extremely long propagation delay.
Proposal 2: Including gap information in SIB for NTNs can be considered in NR.
Proposal 3: Existing NR preamble format could be considered for supporting HAPS.
Proposal 4: Enhancement on NR preamble format including introducing new preamble format could be considered for spaceborne vehicles.
Proposal 5: Using repetition of the sequence and enlarge the CP length could be considered for enhancement on designing preamble format for NTN systems.
Proposal 6: Solutions for DL synchronization performance recovery for NTN should be studied. 
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.

	R1-1908591
CATT, CAICT
	Observation 1: DL frequency pre-compensation for satellite Doppler shift is transparent to UE.
Observation 2: DL synchronization channel design of NR Rel-15 is robust to fit for NTN scenarios.  
Observation 3: Close-loop UL frequency compensation is not clear for its benefit and use case.
Observation 4: In the Random access without GNSS-capabilities, the common TA can be obtained from network and UE specific TA can be obtained from RA response message. 
Observation 5: In the Random access without GNSS-capabilities, the PRACH format design need take into account the longer CP and higher SCS both.
Observation 6: In the TA compensation of random access without GNSS-capabilities, besides the absolute TA compensation, relative TA compensation is also feasible because the common TA can be compensated by the gNB. 
Observation 7: In the Random access with GNSS-capabilities, a common reference distance in service link is used to UE specific TA calculation.
Observation 8: In the Random access with GNSS-capabilities, a common reference distance in service link and a common reference distance in feeder link can be indicated by the network, or by proprietary implementation to acquire.  
Observation 9: In the Random access with GNSS-capabilities, relative TA compensation is more suitable, where common reference TA can be compensated by the gNB, and relative TA is compensated by the UE.
Observation 10: In the Random access with GNSS-capabilities, the CP of PRACH doesn’t cover the whole cell radius.
Observation 11: NR Rel-15 PRACH format is robust to survive in different frequency offset of NTN.
Observation 12: PRACH sequence with length-839 is better than the sequence with length-139 in low SNR case.
Observation 13: If considering the location and ephemeris error, longer CP more than one symbol needs to be considered.  
Proposal 1: Indicate if UL common frequency post-compensation has been done in the network via the SIB signaling. 
Proposal 2: Using UE location and satellite ephemeris to conduct UL frequency pre-compensation should be taken as the baseline.
Propose 3: Further study the benefit of close-loop doppler shift compensation.
Proposal 4: In Random access without GNSS-capabilities, common TA can be indicated by network to facilitate the PRACH transmission. 
Proposal 5: In Random access with GNSS-capabilities, a common reference point or reference distance in service link should be specified for UE specific TA calculation.
Proposal 6: Relative TA compensation needs to be considered in both with and without GNSS-capabilities.
Proposal 7: Differentiate the PRACH format design for with UE location information and without UE location information. 
Proposal 8: Consider the sequence with the length 839 to support big subcarrier spacing in NTN PRACH format design.
Proposal 9: Consider preamble repetition to overcome the larger timing offset in NTN case.
Proposal 10: Support open-loop TA compensation in NTN scenarios. 

	R1-1908643
Intel
	Proposal 1: 
· Consider equation for carrier frequency shift for UL transmission and table with values of maximum frequency shift for UL transmission provided in R1-1908641 for PRACH
Observation 1: 
· Delays up to the PRACH OFDM signal duration can be estimated by the conventional PRACH receivers without ambiguity, for larger delays different receiver structure is needed
Proposal 2: 
· Study solutions to support unambiguous estimation of delays larger than PRACH symbol duration
Observation 2: 
· It is not necessary to scale CP and GP duration according to the target maximum differential delay supported by PRACH
Observation 3: 
· The range of the initial TA command in RAR should be extended for NTN
Observation 4:
· The range of slot offset K2 specified in the default table for PUSCH time domain resource allocation might be not enough to cover UE processing time and timing advance value for NTN
Proposal 3: 
· Study the following enhancements to support larger cell size for NTN
· Extended range of timing advance command in random access response
· Support of larger values for slot offset K2 between DCI with UL grant and the corresponding PUSCH for DCI format 0_0

	R1-1908674
Mitsubishi

	Observation 1: For the DL, the existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.
Observation 2: For an accurate UL frequency correction, the UE must be aware of the pre-compensation value. 
Observation 3: It is not assumed that all UEs will have GNSS capabilities. Moreover, even UE equipped with GNSS can be temporarily unable to get their position correctly. 
Proposal 1: The common DL frequency correction should be broadcasted to all users within the coverage of same beam. 
Proposal 2: The common TA should be broadcasted to all users within the coverage of same beam.
Proposal 3: For TA maintenance, the closed-loop solution should be kept. 
Proposal 4: Study on a new PRACH format should be considered for NTN. 

	R1-1908775
Sony
	Observation 1: The guard time following the RACH preamble transmission in NTN will be much larger than for terrestrial networks.
Proposal 1: RAN1 should study the restriction of using only 2-step RACH for delay sensitive RACH uses cases.
Proposal 2: Prediction-based timing advance adjustment using information related to the position of gNB and UE should be studied.
Proposal 3: Uplink transmission timing interval should be studied for the following:
· PDCCH (resource grant) to PUSCH
· PDSCH to PUCCH (HARQ-ACK)

	R1-1908774
Sony
	Proposal 1: Power control procedure based on using the using satellite ephemeris should be studied.
Proposal 2: RAN1 should support prediction-based link adaptation using information related to the position of gNB and UE.
Proposal 3: Enhance of CQI reporting and/or MCS should be supported.
Proposal 4: Repetition transmission should be studied.
Observation 1: The residual doppler after pre/post-compensation is still too high for PBCH reception with 30kHz SCS.
Proposal 5: RAN1 should consider allowing the use of higher SCS for the SSB in FR1.

	R1-1908812
ETRI
	Proposal 1:	Common TA can be included in MIB, SIB or OSI. In the case of multi-beams per cell, common TAs for multi-beams can be included in the MIB, SIB, or OSI. In the case of providing a beam-specfic common TA in the multi-beams per cell, an association between the beam index and the common TA can be required. It may be assumed that the beam index and the SSB index are the same.
Proposal 2:	The UE-specific TA in RAR is provided to the UE as a value excluding the common TA. The common TAs may consist of the representative value and the difference from the representative value according to an arbitrary condition. For example, in the case of multi-beams, a representative value for the common TAs can be set. And, the values for the remaining beams can be provided differential values from the representative value.
Proposal 3:	The common TA may be reflected in the PRACH preamble transmission time and the RAR monitoring window start time.

	R1-1908818
Panasonic
	· Timing Advance 
Proposal 1: GNSS capable UE should calculate TA value for PRACH and PUSCH based on UE location and satellite ephemeris.
Proposal 2: Common TA should be transmitted via SIB for non-GNSS UE. When supporting both GNSS capable UE (with UE based TA calculation) and GNSS non-capable UE (using common TA), common TA should not contain the delay caused by the feeder link and satellite processing to align the reception timing from both types of UE. 
Proposal 3: For transparent satellite, the delay caused by feeder link and satellite processing should be compensated by the network i.e. gNB/satellite.  
· PRACH aspect for high Doppler
Proposal 4: use existing PRACH format for S-band. 
Proposal 5: define PRACH format with SCS 240kHz to support large residual Doppler shift for LEO with Ka-band.
· PUSCH aspect for high Doppler
Proposal 6: discuss how to improve PUSCH performance with large residual Doppler shift for LEO with Ka-band, e.g. introducing larger SCS for PUSCH, introducing a new mechanism of closed loop frequency compensation.
Proposal 7: For GNSS capable UE, frequency compensation based on UE location information and satellite ephemeris should be considered.  
· PRACH reception timing detection
Proposal 8: 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.   
· Issues related to RACH response 
Proposal 9: ambiguity on preamble transmitted slot for RA-RNTI calculation can be solved by gNB implementation.
Proposal 10: it is not necessary to extend the range of ra-ResponseWindow regardless of the maximum differential delay between UEs. 

	R1-1908865
CMCC
	Proposal 1: The extension of existing TA value range indicated in RAR should be considered in NTN.
Proposal 2: The reference location for common TA calculation can be the distance between satellite and cell center (beam spot center).
Proposal 3: The common TA can be periodically broadcast to UEs via SIB.
Proposal 4: Both closed-loop and open-loop TA adjustment mechanisms are considered for NTN.

	R1-1908984
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.


	R1-1909107
Ericsson
	Observation 1	Open-loop method refers to the case where the UE uses cell information as well as other source(s) to adjust timing and frequency before MSG1 transmission.
Observation 2	Closed-loop method refers to the case where a UE only relies on the cell information before MSG1 transmission. The term “closed-loop” comes from the assumption that after MSG1 the network can feedback information such as timing advance and frequency adjustment commands to “close the loop”.
Observation 3	When gNB performs beam-specific post-compensation of common frequency offset, it is not clear why further indication of common frequency offset is needed.
Observation 4	When gNB performs beam-specific post-compensation of common frequency offset, the need of further common frequency offset compensation at the UE side should be clarified.
Observation 5	For open-loop method, a GNSS-equipped UE can determine its location and share it with the gNB. It is unclear why further study on determination of UE location is needed.
Observation 6	Continuous frequency tracking will be necessary to mitigate the Doppler shift variation in LEO NTN.
Observation 7	Doppler shift appears to vary approximately linearly with time in each cell.
Observation 8	The trends observed for S-band carry over to Ka-band.
Observation 9	The linear approximation of Doppler shift (as a function of time) becomes more accurate as cell size and/or constellation size is reduced.
Observation 10	If a Doppler rate is signaled to the UE according to Proposal 4, it can be used by the UE also for linear Doppler frequency pre-compensation of the UL signal.
Observation 11	With a legacy PRACH detector not particularly optimized for handling large frequency shift, the existing PRACH formats can cope with residual frequency errors up to half the subcarrier spacing.
Observation 12	The TA field size in a RAR is not sufficient for all scenarios as illustrated in Table 4.
Observation 13	Relying solely on TA update commands to deal with timing drift will lead to excessive signaling overhead.
Proposal 1	RAN1 to clarify the meanings of open-loop and closed-loop methods in the context of NTN.
Proposal 2	NTN should support network to signal a frequency adjustment command for UE uplink frequency to preserve uplink multiple access orthogonality.
Proposal 3	RAN1 to clarify the intentions of the FFS’s for UL frequency compensation after clarifying the meanings of open-loop and closed-loop.
Proposal 4	At least LEO NTN should support network to signal Doppler rate to assist with UE frequency and time tracking.
Proposal 5	RAN1 to use Table 2 as the starting point for discussing PRACH formats in different NTN scenarios.
Proposal 6	NTN should support configuration of separate RACH occasions for open-loop access UEs and closed-loop access UEs.
Proposal 7	RAN1 to study whether it is possible to improve legacy PRACH detector to cope with large Doppler shift using existing PRACH formats.
Proposal 8	RAN1 to study how to resolve the timing and Doppler ambiguities in PRACH for LEO NTN where there may be large timing errors and Doppler shifts associated with MSG1.
Proposal 9	RAN1 to wait for RAN2 input before proceeding on issues (if any) related to RAR window in NTN.
Proposal 10	RAN1 to identify the scenarios where broadcast signaling is sufficient and where dedicated signaling is needed to cope with the timing drift.


	R1-1909261
QC
	Proposal 1: For NTN operations that don’t require UE’s knowledge of geolocation, support periodically broadcasting of the round-trip delay and the Doppler frequency seen at the beam center,
Observation 1: Using 2-rooted preamble PRACH preambles 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: To further increase the beam footprint diameter, consider the use of 2-rooted PRACH preambles with new formats.
Proposal 4: For NTN, support PRACH format configuration per beam.
Proposal 5: Support more flexible and beam-specific configuration of PRACH occasions. 

On UL timing and frequency control, we have the following observation and proposals:

Observation 2: NR closed-loop timing control mechanism is not sufficient for NTN.
Proposal 6: In NTN, UE autonomous open-loop timing control is required.
Proposal 7: Consider group-common DCI for UL timing control in NTN.
Proposal 8: Support closed-loop UL frequency control and study the associated signalling aspects for NTN.  
Proposal 9: Study enhanced SRS design to support efficient estimation of large timing and frequency offset.

	R1-1909400
ZTE
	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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