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1. Introduction
In this contribution, following key issues related to the Timing advanced and PRACH in NTN are summarized based on the submitted contributions:
1. [bookmark: _GoBack]Timing and frequency synchronization
2. Timing advanced  
· Initial TA acquisition and indication 
· Maintenance of TA
3. PRACH
· PRACH format 
· PRACH procedure
4. Others
Detailed discussion and proposals are provided under corresponding section. And views from each companies are listed in appendix per topic.
2. Timing and frequency synchronization
The timing/frequency synchronization issues have been discussed for both DL and UL. More specifically,
1. For DL synchronization: 
Performance evaluation based on the Rel-15 DL RS design (e.g., SSB) is preferred to be conducted [Nokia, ZTE, Mitsubishi] with pre-compensation of the frequency offset at satellite side in beam specific way (e.g., reference point refers to the beam center) [THALES, ZTE]. The variation of the frequency over time is also proposed to be considered [Mitsubishi].Meanwhile, some typical values of the residual offset are provided in [THALES] based on agreed beam parameters (e.g., Set-1) for reference.
2. For UL synchronization:
Both closed-loop and open-loop methods for handling the impacts of frequency offset are proposed with different views on the pre-/post-compensation capability for UL. For example, with assumption of pre-compensation of frequency offset at UE side (e.g., the frequency offset can be estimated based on DL RS [ZTE] or combination of UE location and satellite ephemeris at UE side [MTK, ZTE, Ericsson]) or post-compensation at satellite side [THALES], the open-loop method is considered for UL [MTK, CATT,ZTE,THALES, Ericsson]. The closed-loop solution, which requires the indication of this offset from network, is considered by [Nokia, QC, Ericsson, Samsung]. Consequently, studies on how to obtain this value at network side and corresponding impacts on other aspects (e.g., SRS [QC], PRACH design [Ericsson]) can also be considered. 
Based on the above analysis, following proposals are provided according to majority view:

Offline consensus
Proposal 1: Performance evaluation on the synchronization for DL should be considered.
· Beam specific pre-compensation of the frequency shift at satellite is assumed as baseline. 
· Enhancements on the DL RSs can be considered if needed.
Proposal 2: For the UL frequency compensation in NTN:
· Both open and closed-loop can be studied 
· Beam specific post-compensation of common frequency offset can be conducted at gNB side
· FFS on the further indication of common frequency offset
· FFS on the signalling 
· FFS the compensation of common frequency offset at UE side
· For Open-loop method :
· can be considered as baseline
·  Estimation of UE  specific frequency offset and pre-compensation atat UE side can be conducted with following methods:
· Based on DL RSs
· Based on UE location and satellite ephemeris 
· 
· Closed-loop method can be studied if needed

	Company
	Comments and Views

	
	

	
	


3. Timing advanced
3.1. Initial TA acquisition and indication
The procedure related to the initial TA acquisition has been discussed with both closed-open and open-loop method on followings aspects:
1. Acquisition of common TA indication 
As mentioned in [Nokia, Panasonic, CATT, MTK, CMCC, ZTE, Thales, QC], the indication of common TA (i.e., 2 times of transmission delay between network and reference point) from network to UE in broadcasting way can be considered. Meanwhile, the consideration on the UE height for the common TA calculation is also highlighted by [Nokia, THALES] and overhead on signaling should also be taken into account [ETRI]. For the open-loop procedure, different solutions are considered to obtain the common TA at UE side, e.g., based on the location and satellite ephemeris [MTK] and based on the indicated common reference distance [CATT].
2. 

3. TA indication in RAR
Considering the larger differential delay among UE under same coverage, the extension of TA range indicated in RAR is proposed by [HW, Nokia, CMCC, THALES]. W.r.t detailed methods, as highlighted in [HW], introduction of scaling factor cannot meet the accuracy requirements, but as proposed by [Nokia], possible loss can be dealt with subsequent timing update commands after RA. For the open-loop procedure, in [CATT], after indication of common reference distance, fine remaining TA values will be calculated by UE without indication in RAR. Moreover, UE will compensate UE specific TA, while timing offset between DL and UL frame will be maintained by gNB of one cell or one satellite.
Based on the above analysis, following proposal is proposed according to majority view:
Proposal 3a: Following options to support the initial TA acquisition for UL transmission can be studied in NTN:
· Option 1: 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)
· Option 2: Autonomous acquisition of the common TA at UE with known location and satellite ephemeris:   
· Additional UE-specific TA indicated in RAR if needed
· FFS on the impacts on PRACH procedure
· FFS on how to obtain the common TA, .e.g, 
· based on indication of common TA or a common reference distance
· FFS on how to obtain the UE specific TA, e.g., additional UE-specific TA indicated in RAR or UE calculates its UE specific TA based on known location and satellite ephemeris:   
· 
· 

Proposal 3b: Study the impacts of mechanism to compensate the UE specific TA only in NTN
· Note: without compensation of common TA, timing offset between DL and UL frame will exist at gNB side 


	Company
	Comments and Views

	CATT
	For TA acquisition, open-loop procedure and close-loop procedure should be separately discussed. In the open-loop random access, UE is required to calculate its UE specific TA based on one common reference distance. This common reference distance or common TA can be indicated by the network. More specifically, the common reference distance can be divided into service link common distance and feeder link common distance, where the common reference distance of service link is used for UE specific TA calculation, and the common reference distance of feeder link is only used for common TA calculation.
Moreover, for TA compensation, absolute TA compensation and relative TA compensation are feasible. In NTN, due to larger propagation delay, relative TA compensation can simplify the UE implementation. Then further studying the pros and cons of relative TA compensation is needed.

	
	


3.2. Maintenance of TA
To handle the issue, e.g., signaling overhead, due to the TA variation, companies provide several solutions to enhance the existing TA maintenance mechanism. More specifically, to enable the autonomous TA adjust by UE, calculation conducted based on the location and satellite ephemeris [CATT, CMCC, Sony] or velocity of satellite broadcasted to UE [QC] can be considered. However, since accuracy of the TA estimation based open-loop solution may not be robust, closed-loop solution should be kept [HW, CMCC] with indication of the TA Adjustment over time [Nokia, ZTE, THALES] to UE. Moreover, group based signaling is proposed to be used for further overhead reduction [QC, ZTE].
Based on the above analysis, following proposal is provided according to majority view:
Proposal 4: Both closed-loop and open loop mechanisms to enable the autonomous TA adjustment by UE can be studied in NTN
	Company
	Comments and Views

	
	

	
	



4. PRACH
4.1. PRACH format
The enhancement on the PRACH format design is proposed by companies to deal with the impacts of large coverage including extension of the length CP/GP [HW, CATT, Sony, Samsung] and repetition number of sequence [Nokia, Panasonic, Samsung]. Meanwhile, concerns on the applicable of cyclic shift for multiplex are raised in [Panasonic, ZTE]. W.r.t the configuration, beam specific RACH configuration is preferred by [QC] and possible different formats can be used by UE with different assumption on the timing adjustment mechanism, e.g., open- or closed- loop. 
Additional, clarification on the simulation assumption and design target is preferred [CATT, ZTE] and restriction on the UE capability, e.g., availability of location information, is highlighted for PRACH design [QC].
For the open-loop random access, the PRACH format design doesn’t need to consider the whole beam coverage due to UE location awareness [CATT]. 
Based on the above analysis, following proposal is provided according to majority view:
Proposal 5: Study on the new PRACH format should be considered for NTN.
· At least, Bbeam diameter agreed in set-1/2 is considered as design target for close-loop random access.
· FFS on the requirements for open-loop random access
· FFS restriction on UE capability
· FFS on the signaling

	Company
	Comments and Views

	CATT
	PRACH format design should be corresponding to its requirement from NTN scenario and UE capability. Whether to acquire UE location is one critical aspect for determining which PRACH format is suitable. When UE is able to obtain the UE location information, the UE specific TA can be calculated by the UE and used for PRACH transmission. In this case, the CP of PRACH is not necessary to cover the beam diameter. 

	
	


4.2. PRACH procedure
Consideration on the enhancements for RACH procedure including adjustment of RAR window [Samsung], PRCH detection window [MTK] are provided. Moreover, revisiting on the availability on the existing RO configuration and association between SSB and RO are proposed by [ZTE] to avoiding the potential RO confusion at network side. And impacts on the PRACH procedure with consideration with known UE and satellite information is proposed to be studied [Nokia].
Moreover, following agreements have been achieved in RAN2#105 meeting, 
Agreements
 1:	The two principles, increasing the value range and applying a RTD compensation offset, and the joint usage of these two principles are used as a starting point for the discussion on how to adapt the user plane timers, impacted by the large RTD of NTN, for NTN. Which principle is applied is examined for each timer separately. Further principles are not excluded. 

2: 	The ra-ResponseWindow should be modified to support NTN.

3: 	Introduce an offset for the start of the ra-ResponseWindow for NTN. The offset shall be configurable to accommodate different scenarios.
4: 	RAN2 will study if other than delaying the start of ra-ResponseWindow an extension of ra-ResponseWindow is needed to support NTN.
5: 	The ra-ContentionResolutionTimer should be modified to support NTN.
6:	Introduce an offset for the start of the ra-ContentionResolutionTimer for NTN.
Based on the above analysis, following proposal is provided according to majority view:
Proposal 6: Enhancement on existing 4-step RACH procedure can be studied in NTN:
· Agreements on timer/window related issues, e.g., ra-ResponseWindow, ra-ContentionResolutionTimer, from RAN2 are considered as baseline.
· Additional issues, e.g., association between PRACH and RO, SSB and RO and scheduling of Msg3, can be revisited in RAN1. 
· FFS on impacts on the RACH procedure with known UE and satellite information

	Company
	Comments and Views

	
	

	
	


5. Others
Additional, following issues, e.g., UE-relay, TDD enhancement and 2-step RACH has been provided:
	Contribution
	Observations and proposals

	R1-1906087	Nokia
	Proposal 17: 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.

	R1-1906804	Intel 
	Proposal 1:
· Focus on FDD NTN deployments for UL timing advance and RACH procedure
· TDD can be considered for HAPS systems

	R1-1907390	THALES
	Proposal 6: The TDD pattern design and the guard period sizing should be further studied to address the high RTD values experienced in NTN.
Proposal 7: The interference levels between UEs in TDD due to high RTD values in NTN should be investigated.

	R1-1906830	Sony
	Proposal 1: RAN1 should study the restriction of using only 2-step RACH for delay sensitive RACH uses cases.


Since there is not majority views on these topics and also considering the limited timing as well as scope of NTN SI, following proposals is provided:
Proposal 7: Enhancements for the TDD based on NTN solution can be de-prioritized. 
Appendix
· Individual proposal for timing and frequency synchronization: 
	Contribution
	Observations and proposals

	R1-1906087 Nokia
	Observation 1: Larger Doppler shifts and variations lead to longer channel acquisition times.
Observation 2: Doppler shift can be estimated for all positions on earth when UE position and satellites orbits are known.
Proposal 1: Provide information of the Doppler shifts in time for UEs where the network knows the UE position.
Proposal 2: RAN1 to study the possibility of indicating Doppler shifts versus time per area for UEs without GNSS.
Proposal 3: The residual Doppler shifts need to be estimated through CP/SSB/RS detection and to be refined in the random access or even in the connected mode for the UEs without GNSS.
Proposal 4: RAN1 to study the availability of triggering the Doppler shifts robust mechanism for the UEs with large Doppler shifts or hard to be compensated.

	R1-1906325 CATT
	Observation 8: close-loop UL frequency compensation is not clear for its benefit and use case.
Propose 7: Further study the benefit of close-loop doppler shift compensation.

	R1-1906464 MediaTek Inc.
	Observation 1: After satellite transmitter pre-compensation of Doppler relative to beam center, the Doppler at the beam center can be assumed to be 0 Hz. 
Observation 2: LEO scenario in Ka band may experience a frequency error to be over an order of magnitude higher compare to S band due to higher Doppler shift.
Proposal 1: Satellite transmitter pre-compensate Doppler shift relative to the centre beam.
Observation 3: On the DL, the UE synchronizes to Fc_DL + Fd_residual where Fd_residual is the residual Doppler due to satellite motion when UE not in the center of the beam. 
Observation 4: The frequency offset due to crystal is corrected by the UE during the initial AFC lock.
Observation 5: Residual Doppler shift Fd_residual needs to be corrected before internal UE clock is generated to avoid internal clock drift relative to the Base station timing.
Proposal 2: UE post compensate Doppler shift Fc_UL – Fd – Fd_residual before transmitting RACH preamble, where Fd_residual is the residual Doppler due to satellite motion when UE not in the center of the beam and Fd is the Doppler due to satellite motion at the center of the beam before pre-compensation.
Proposal 3: UE can use knowledge of its position, knowledge of satellite ephemeris, and knowledge of satellite transmitter pre-compensation of Fd to estimate Fd_residual.
Observation 6: Assuming LEO=600 km, a beam spot diameter of 100 km, frequency carrier 2 GHz, the Doppler shift with a moving beam is in range [-3.6 KHz, +3.6 KHz] and the Doppler discontinuity between adjacent beam spots can be 7.2 kHz.

	R1-1906872	ZTE
	Observation 1: Robustness DL synchronization performance can be achieved via NR-SSB design.
Observation 2: Frequency offset due to the gNB movement can be estimated at UE side.
Proposal 1: Pre-compensation of the frequency shift due to the satellite movement via implementation at gNB and UE side should be considered as the baseline assumption for DL and UL related design/evaluations, respectively.

	R1-1906953
Samsung
	Proposal 6: Synchronization performance for NTN should be evaluated considering the extended Doppler, and enhanced synchronization procedure for NTN should be pursued if issues are identified from the evaluation.  
Proposal 7: Signaling initial estimate of Doppler shift by a gNB to a UE could be considered for high Doppler shift in NTN systems.

	R1-1907106 Mitsubishi
	Observation 1: The existence of a scenario with a residual Doppler shift after pre-compensation higher than 5 ppm should be investigated.
Observation 2: There is no time-frequency ambiguity issue for the NR PSS.
Observation 3: In term of performance, no gain can be expected by replacing the M-sequence for NR-PSS, for the same number of subcarriers. 
Observation 4: Although there is no evidence at the time being that NR-PSS is not suitable for NTN, a few specific NTN evaluations should be performed, taking into account variations of the Doppler shift. 
Proposal 1: Confirm through evaluation the robustness of NR-PSS design in an NTN scenario, by taking into account the presence of high Doppler variations.

	R1-1907278 QC
	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.

	R1-1907390
THALES
	Proposal 1: The pre/post Doppler shift compensation mechanism at the satellite side discussed above should be assumed as a baseline for LEO/MEO NTN scenarios.
Proposal 2: The maximal residual frequency error values due to both satellite and UE movement presented in Table 1 should be captured in [3]  and assumed as a baseline in the link level assumptions for LEO/MEO scenarios.

	R1-1907393 Ericsson
	Proposal 2: Study methods to compensate UL frequency offsets due to Doppler shift during random access. The following compensation schemes may be considered for study:
· Open loop frequency compensation based on UE and satellite position
· Closed loop frequency compensation based on feedback from NW
Proposal 3: RAN1 to study how to resolve the timing and Doppler ambiguities in PRACH.


· Individual proposal for Initial TA acquisition and indication
	Contribution
	Observations and proposals

	R1-1905994 Huawei, HiSilicon
	Observation 1: The extended initial TA with the scaling factor [image: ] may not meet the timing accuracy requirement, especially for large SCS used in FR2.
Proposal 1: It may be necessary to increase the bit width of the TA command, if the timing accuracy requirement cannot be met when adopting the scaling factor.

	R1-1906087 Nokia

	Observation 3: The distances between UE and gNB cannot be compensated by current TA range (12 bits) in the Random Access Response.
Observation 4: The common TA is the same for all users on the beam.
Observation 5: The common TA is different for a beam at nadir and a beam at the edge of the coverage area of the satellite.  
Observation 6: 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. 
Proposal 6: The common TA must be broadcast by the gNB. 
Proposal 7: The common TA must be located [25] km above Earth’s surface.
Proposal 8: The common TA must be assigned and transmitted per beam and not per satellite.
Proposal 9: In a system with non earth-fixed beams, the satellites 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 user distance. 
Observation 7: 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.

	R1-1906264	Panasonic
	Proposal 1: Common TA should be transmitted via MIB/SIB for non-GNSS UE. 

	R1-1906325	CATT
	Observation 1: In the close-loop random access, the common TA can be obtained from network and UE specific TA can be obtained from RA response message.
Observation 3: In the TA compensation of close-loop random access, besides the absolute TA compensation, relative TA compensation is also feasible because the common TA can be compensated by the gNB.
Observation 4: In the open-loop random access, a common reference distance in service link is used to UE specific TA calculation.
Observation 5: In the open-loop random access, 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 6: In the open-loop random access, relative TA compensation is more suitable, where common reference TA can be compensated by the gNB, and relative TA is compensated by the UE.
Proposal 1: In close-loop random access, common TA can be indicated by network to facilitate the PRACH transmission. 
Proposal 2: In open-loop random access, the following procedure should be defined:
· TA calculation is implemented in UE side.
· A common reference distance in service link is specified for UE specific TA calculation.
· A common reference distance in feeder link is specified for common TA calculation in bent-pipe payload case. 
· Common reference TA may include the service link TA and feeder link TA.
· The common reference distance in service link and the common reference distance in feeder link can be indicated by the network, or by proprietary implementation to acquire.  
Proposal 3: Relative TA compensation needs to be considered in both close-loop random access and open-loop random access.

	R1-1906464 MediaTek Inc.
	Observation 7: If common delay between UEs within same beam spot is pre compensated, a UE only needs the residual TA to compensate differential propagation delay before transmitting to satellite. 
Observation 8: A GNSS-capable UE that has knowledge of its location and has knowledge of satellite ephemeris can determine the common propagation delay.
Proposal 4: A UE can determine the common propagation delay via broadcast in SIB.
Proposal 7: Re-use legacy initial TA command for satellite deployment with LEO=600 km.

	R1-1906518 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 or SSB.
Proposal 4: Both closed-loop and open-loop TA adjustment mechanisms should be studied for NTN.

	R1-1906872 	ZTE
	Proposal 2: Broadcasting of common TA to the UEs for assisting the RACH procedure can be considered.

	R1-1906953 	Samsung
	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.

	R1-1907039 ETRI
	Proposal 1:	Whether to operate the common TA on a cell basis or on a beam basis should be jointly studied with the control overhead of the indication channel.
Proposal 2:	When beam-specific common TA is used, it is necessary to consider the mapping relation between SSB index and common TA.
Proposal 3:	The common TA may be reflected in the PRACH preamble transmission time and the RAR monitoring window start time.

	R1-1907278 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,

	R1-1907390 THALES
	Proposal 3: The Common Delay should be included in SIB. UEs should be able to take it into account for PRACH transmission. As a consequence, TA initial command in RAR should indicate only the remaining delay measured by the gNB.
The CD value included in SI should integrate the worst case topography impacts or the aircrafts highest flight altitude (depending on the service provided) to ensure the successful completion of RACH procedure in all the satellite beam coverage.
Integrating these assumptions in the CD values computation leads to considering higher MDD values and symmetrically lower CD values. The offset to be applied are described in Table 2 for each scenario.
Proposal 4: The MDD and CD values presented in Table 1 should be captured in [3] as working assumptions. The MDD offsets associated to the worst case topography impacts or the aircrafts highest flight altitude presented in Table 2 should be captured as well.

	R1-1907393	Ericsson
	Proposal 1: Study both open-loop and closed-loop approaches for adapting random access procedure to cope with large propagation delays in NTN.


· Maintenance of TA
	Contribution
	Observations and proposals

	R1-1905994 Huawei, HiSilicon
	Observation 2: Frequently sending TA commands to each UE in LEO based NTN will introduce significant signaling overhead to the system.
Observation 3: Compared with sending TA commands frequently to the UE, signaling overhead will be greatly reduced if the UE is able to update the TA by itself.
Observation 4: 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.
Proposal 2: There are several methods to implement self-adjustment of the TA value by the UE. These methods need to be further studied considering signaling overhead and accuracy of self-adjustment. 
Proposal 3: It is necessary to retain the closed-loop TA adjustment mechanism because of not enough positioning accuracy, even though the GNSS of UE and the ephemeris of serving satellites are available.

	R1-1906087 Nokia
	Proposal 5: The TA shall be comprised of a common plus a user-specific TA. The common TA shall be the same for all users on the beam. 
Observation 8: Uplink timing advance can be estimated by delay shift tracking if satellite is moving.
Proposal 10: Study the solution of delay shift tracking for uplink timing advance estimate. 
Observation 9: The maximum delay variation in the air interface caused by the satellite movement (LEO), is above the UE Timing Advance accuracy. 
Observation 10: The maximum autonomous aggregate adjustment rate on TA is below the required to compensate for the delay variation rate in a LEO system.
Observation 11: 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 12: The network can assist the UE to compensate for TA variations depending on the beam the user is connected to.  
Proposal 11: 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 12: The gNB shall signal a function for TA Adjustment over time for each UE, minimizing the load on the air interface.  
Proposal 13: Study the solution of delay shift tracking for uplink timing advance adjustment. 

	R1-1906325 CATT
	Proposal 6: Support open-loop TA compensation in NTN scenario. 

	R1-1906518 CMCC
	Proposal 4: Both closed-loop and open-loop TA adjustment mechanisms should be studied for NTN.

	R1-1906830	Sony
	Proposal 2: Open-loop timing advance adjustment should be studied.

	R1-1906872 ZTE
	Proposal 3: Prediction of TA value can be considered via indication of corresponding parameters to UE.

	R1-1907278 QC
	Observation 1: NR closed-loop timing control mechanism is not sufficient for NTN.
Proposal 5: In NTN, UE autonomous open-loop timing control is required.
Proposal 7: Consider group-common DCI for UL timing control in NTN.

	R1-1907390 THALES
	Proposal 5: The need to revisit RAR TA command design should be investigated and captured in [3] depending on scenarios and numerologies
Proposal 8: UEs capabilities to track DL framing should be further studied based on the delay rate values expected in NTN.
Proposal 9: The maximal delay rates values presented in Table 4 should be captured in [3] as worst-case assumptions.
Proposal 10: UE should have access to the delay rate estimation and be enabled to autonomously update its TA based on this estimation.
A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
Proposal 11: Several solutions should be reviewed to provide delay rate estimations to UEs. Both the feasibility in terms of complexity and the performance in terms of accuracy and overhead need to be further studied for each option.
Proposal 12: Both types of UEs, with and without GNSS capability, should be considered.


· PRACH format
	Contribution
	Observations and proposals

	R1-1905994 HW
	Observation 5: New preamble formats may need to be introduced to NTN scenarios.
Observation 6: Increasing the CP and GT lengths and the repetition number of preamble sequences may be considered for enhancing the preamble transmission in NTN.
Observation 7: The simple repetition method to extend the CP and preamble sequences lengths cannot make the satellite find the exact boundary between the CP and preamble sequences.

	R1-1906087 Nokia

	Observation 14: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.
Observation 15: Preamble formats with length 139 are preferred in NTN.
Proposal 18: Study support of higher subcarrier scaling factors for short (139) and long (839) RA preamble sequences for both FR1 and FR2.
Proposal 19: Study frequency offset estimation on received RA preamble signals.
Proposal 20: One new short preamble format for NTN will be expected.
FR1: 
FR2: 
	Format
	[image: ]
	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-


Proposal 21: Investigate support of higher subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2. 
FR1: 
FR2: 
	Format
	[image: ]
	
	
	
	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




	R1-1906264	Panasonic 
	Proposal 3: Robust PRACH format should be defined for long distance transmission, e.g. use of long sequence (length 839) for both FR1 and FR2, more repetition or multiple sequence transmission.
Proposal 5: Consider PRACH transmission with TA for UE which has valid TA to allow CS multiplexing between UEs.

	R1-1906325 CATT
	Observation 2: In the close-loop random access, the PRACH format design need take into account the longer CP and higher SCS both.
Observation 7: In the open-loop random access, the CP of PRACH doesn’t cover the whole cell radius.
Proposal 4: Clarify the design requirements of NTN PRACH before evaluating the need of new PRACH format.
Proposal 5: Differentiate the PRACH format design for close-loop random access and open-loop random access. 

	R1-1906464		MediaTek Inc.
	Observation 9: The specified NR PRACH format can be re-used if residual propagation delay is < TCP/2.
Proposal 5: NR PRACH preamble format 1 can be re-used for LEO satellite deployments with NR numerology μ=0.
Proposal 6: New NR PRACH preamble formats can be considered for satellite deployment other than LEO satellite deployments with NR numerology μ=0.

	R1-1906804 Intel Corporation

	Proposal 2: New PRACH format design should be studied for NTN scenarios considering differential delays and residual frequency error for PRACH transmission considering pre/post-compensation of Doppler shift at the gNB

	R1-1906830	Sony
	Observation 1: The guard time following the RACH preamble transmission in NTN will be much larger than for terrestrial networks.

	R1-1906872 ZTE
	Proposal 4: RACH format design with disabling of cyclic shift can be considered in NTN for LEO scenarios.
Proposal 5: Availability of existing RO configuration in time domain should be revisited once the RACH format for NTN is provided.
Proposal 6: RO design and corresponding association with SSB should be revisited for NTN.

	R1-1906953 	Samsung
	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.

	R1-1907278 QC
	Proposal 3: For NTN, support PRACH format configuration per beam.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 
Proposal 2: At least for deployment scenarios with the product of the maximal differential RTD and the maximal differential Doppler of a beam greater than x (x<1 and FFS), knowledge of geolocation at UEs are assumed.

	R1-1907393	Ericsson
	Proposal 1: Study both open-loop and closed-loop approaches for adapting random access procedure to cope with large propagation delays in NTN


· PRACH procedure
	Contribution
	Observations and proposals

	R1-1906087	Nokia
	Proposal 14: 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 15: Random access procedure should take into account UE and satellite positions for UE UL transmission.
Proposal 16: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Observation 13: Delays may be determined via proprietary timing advance estimation algorithms.

	R1-1906464	MediaTek Inc.

	Observation 10: The satellite can center its PRACH detection window from 2*d1/c to 2*d3/c, where d1/c and d3/c are the common propagation delay and residual propagation delay.

	R1-1906953	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.
Proposal 2: Including gap information in SIB for NTNs can be considered in NR.

	R1-1906872 ZTE
	Proposal 5: Availability of existing RO configuration in time domain should be revisited once the RACH format for NTN is provided.
Proposal 6: RO design and corresponding association with SSB should be revisited for NTN.
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