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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. Timing advanced  
· Initial TA acquisition and indication 
· Maintenance of TA
2. PRACH
· PRACH format 
· PRACH procedure
3. Timing and frequency synchronization
4. UL scheduling timing
5. Others
Details description and offline proposals on each sub-topic are elaborated in following sections.
2. Timing advanced
2.1. Initial TA acquisition and indication
Following proposals and observations are listed in the submitted contribution for this topic. For handle the large RTT, potential solutions, e.g., indication of common TA from gNB or UE-calculation with known the ephemeris and position, are listed:
	Contribution
	Observations and proposals

	R1-1904000 (HW)
	Observation 1: The range of the current TA indication in initial access is scaled down for larger subcarrier spacing which may not be sufficient to indicate the differential delay for NTN at high frequency bands.

	R1-1904438(SS)
	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.

	R1-1904591(Panasonic)
	Proposal 1: Common TA can be compensated within gNB and UE use only individual TA. 

	R1-1904645(MediaTek)
	Observation 1: 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 2: A GNSS-capable UE that has knowledge of its location and has knowledge of satellite ephemeris can determine the common propagation delay.
Proposal 1: A UE can determine the common propagation delay via broadcast in SIB.
Proposal 3: Re-use legacy initial TA command for satellite deployment with LEO=600 km.

	R1-1904650(Nokia)
	Observation 1: 
Observation 2: 
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.
Proposal 1: 
Proposal 2: 
Proposal 3: 
Proposal 4: 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.
Proposal 5: The common TA must be broadcast by the gNB. 
Proposal 6: The common TA must be located [25] km above Earth’s surface.
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.  
Proposal 7: The common TA must be assigned and transmitted per beam and not per satellite.
Proposal 20: Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 

	R1-1904669(ETRI)
	Proposal 1:	Fixed common delay values according to satellite types can be applied regardless of actual common delay values due to cell pattern change with time.

	R1-1904767(ZTE)
	Proposal 1: Broadcasting of common TA to the UEs for assisting the RACH procedure can be considered.

	R1-1904858(IDC)
	Proposal 3: For GNSS-based UEs, reporting of timing advance to the network should be considered in NTN to support Msg3 scheduling.

	R1-1905016(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

	R1-1905180(Thales)
	Proposal 1 : 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.
Proposal 2 : The MDD and CD values presented in Table 1 should be captured in [3] as working assumptions.
Observation 1 : The CD value included in SI should integrate the worst case topography impacts or  the aircrafts highest flight altitude to ensure the successful completion of RACH procedure in all the satellite beam coverage.
Observation 2 : 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 3 for each scenario.


Based on the above views, companies share the similar concern on the TA acquisition at the UE side during the initial access procedure, following proposals be considered:
Proposal 1: Options listed below on the acquisition of initial TA information 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
· Additional UE-specific TA indicated in RAR
· FFS on the reference location for common TA calculation
· FFS on the signalling for common TA indication
· FFS on the extension of existing TA range indicated in RAR
	Option 2: Autonomous acquisition of the TA by the UE with known information on UE location and satellite ephemeris   
· Additional UE-specific TA indicated in RAR if needed
· FFS on method to obtain the satellite ephemeris.
· FFS on the impacts on PRACH procedure
2.2. Maintenance of TA
Following proposals and observations are listed in the submitted contribution for this topic, e.g., discussion on the validity of existing TA maintenance as well as overhead:
	Contribution
	Observations and proposals

	R1-1904000 (HW)
	Observation 2: TA adjustment mechanism for NTN should take the long propagation delay and high speed satellite movement into consideration.

	R1-1904225(HHI)
	Observation 1: A high number of Timing Advance (TA) update commands becomes necessary to avoid interference in NGSO scenarios.
Proposal 1: A UE should be enabled to perform the compensation of the predictable delay variation in NGSO scenarios. Methods of enabling and of compensation are FFS. 
Proposal 2: Both types of UEs, with and without GNSS capability, should be considered.

	R1-1904244(Sony)
	Proposal 2: Open-loop timing advance adjustment should be studied.

	R1-1904304(Intel)
	Observation 1: 
· It is not clear if enhancements are needed for TA configuration and adjustment for PUSCH in NTN considering that time-domain resource allocation for PUSCH is fully controlled by the gNB

	R1-1904645(MTK)
	Observation 3: The specified NR PRACH and TA can be re-used if residual propagation delay d3/c <= 200km.
Observation 5: It may be necessary to specify relaxation of transmission timing error  ±Te from 0.39 us to 0.71us for NR NTN UL transmission.
Proposal 4: Re-use legacy Closed Loop TA command for satellite deployment with LEO=600 km.

	R1-1904650(Nokia)
	Proposal 8: 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 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. 
Proposal 10: 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.
Proposal 11: The maximum delay variation in the air interface caused by the satellite movement (LEO), is above the UE Timing Advance accuracy. 
Proposal 12: The maximum autonomous aggregate adjustment rate on TA is below the required to compensate for the delay variation rate in a LEO system.
Proposal 13: 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.  
Proposal 14: The network can assist the UE to compensate for TA variations depending on the beam the user is connected to.  
Proposal 15: 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 16: The gNB shall signal a function for TA Adjustment over time for each UE, minimizing the load on the air interface.  
Proposal 17: The gNB shall signal a function for TA Adjustment over time for each UE, minimizing the load on the air interface.  
Observation 15: UE-specific differential delay in NTN can be estimated based on random access preamble and/or based on UE positioning information.
Proposal 18: Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 

	R1-1904732(CMCC)
	Proposal 1: Solutions need to be studied to ensure alignment of uplink signals over the NTN links to overcome the delay of NTN.

	R1-1904767(ZTE)
	Proposal 2: Prediction of TA value can be considered via indication of corresponding parameters to UE.
Proposal 3: Mechanism for group based TA adjustment can be considered for signaling overhead reduction.

	R1-1905016(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.

	R1-1905090(Ericsson)
	1. Study both open-loop and closed-loop approaches for adapting random access procedure to cope with large propagation delays in NTN.

	R1-1905180(Thales)
	Proposal 7 : The maximal delay rates values presented in Table 4 should be captured in [3] as worst-case assumptions.
Proposal 8 : UE should have access to the delay rate estimation and be able to autonomously update its TA based on this estimation.
Proposal 9 : 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.


Based on the above views, variation of the TA due to the mobility of satellite is identified and the robustness of existing MAC based TA maintenance mechanism is questionable due to the large RTT. Meanwhile, large signal overhead can also be expected. For handle this issue, following proposals can be considered:
Proposal 2: Evaluation of the existing MAC-based TA maintenance mechanism should be considered in different NTN scenarios.
· Enhancement in either closed-loop or open-loop way can be studied
3. PRACH
3.1. PRACH format
Following proposals and observations are listed in the submitted contribution for this topic, e.g., format/sequence design as well as resource configuration:
	Contribution
	Observations and proposals

	R1-1904438(SS)
	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.

	R1-1904550(CATT)
	Proposal 1: UL PRACH design should assume ephemeris information and UE location are available in UE side.  

	R1-1904591(Panasonic)
	Proposal 2: 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 3: Study intercell interference mitigation method with a limited number of ZC sequence per cell. 
Proposal 4: Consider PRACH transmission with TA for UE which has valid TA to allow CS multiplexing between UEs. 

	R1-1904645(MTK)
	Proposal 2: Use NR PRACH preamble format 1 for satellite deployment with LEO=600 km. 

	R1-1904650(Nokia)
	Observation 6: 
Observation 7: Use sequence repetition and enhanced signal processing to overcome high pathloss figures.

Observation 8: Preamble formats with length 139 are preferred in NTN.
Proposal 19: 
Proposal 20: 
Proposal 21: 
Proposal 22: 
Proposal 23: 
Proposal 24: Study support of higher subcarrier scaling factors for short (139) and long (839) RA preamble sequences for both FR1 and FR2.
Proposal 25: Study frequency offset estimation on received RA preamble signals.
Proposal 26: One new short preamble format for NTN will be expected.
FR1: 
FR2: 
	Format
	

	
	
	
	Support for restricted sets

	C1
	139
	kHz
	
	
	-



Proposal 27: Investigate support of higher subcarrier scaling factors for 839 long preamble sequences for both FR1 and FR2. 
FR1: 
FR2: 
	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




	R1-1904669(ETRI)
	Proposal 2:	The range of differential delays for evaluation should be set with the method to reduce the maximum differential delay. In addition, evaluation on new RACH format is needed. 

	R1-1904767(ZTE)
	Observation 1: SCS for the preamble design in current NR is still valid to handle the frequency offset in NTN.
Observation 2: UE distinguish via the cyclic shift is not valid for all case in NTN.
Proposal 4: RACH design with disabling of cyclic shift can be considered in NTN.

	R1-1904858(IDC)
	Proposal 5: New PRACH formats should be considered in NR to address the round-trip time variation and coverage issues of NTN.

	R1-1905016(QC)
	Proposal 3: For NTN, support PRACH format configuration per beam.
Proposal 4: Support more flexible and beam-specific configuration of PRACH occasions. 


Based on the above views, the enhancement on the existing PRACH format is preferred by majority in the NTN case with consideration of differential delays and residual Doppler. Moreover, considering the large coverage of single beam from satellite, the design of corresponding RACH format in beam-specific way is preferred. It should be noticed that the mapping between beam and cell is considered to be implementation issues, further prioritization on the use case can be considered if necessary. Following proposal be considered for PRACH enhancement in NTN:
Proposal 3: New PRACH format design should be studied for NTN scenarios with assumed differential delays and residual Doppler in beam specific.
· Usage of cyclic shift can be revisited.
· Note: The mapping between beam and cell is not specific and up to implementation.
3.2. PRACH procedure
Following proposals and observations are listed in the submitted contribution for this topic to discuss the potential issues within the 4-step RACH procedure, e.g., adjustment of RARA window, PRCH detection window and Ra-contentionResoultionTimer: 
	Contribution
	Observations and proposals

	R1-1904000 (HW)
	Observation 3: The RA-RNTI scrambling by gNB and descrambling by UE are mismatched due to long RTT in NTN.
Observation 5: A modification of the ra-ContentionResolutionTimer is needed to support GEO satellite systems.

	R1-1904244(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.

	R1-1904438(SS)
	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.

	R1-1904550(CATT)
	Proposal 2: RA response window configuration should consider RTT delay.

	R1-1904645(MTK)
	Observation 4: The satellite can centre 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.

	R1-1904650(Nokia)
	Proposal 12: 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 13: Random access procedure should take into account UE and satellite positions for UE UL transmission.
Proposal 14: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 15: The fast random access procedure mechanism is needed due to long propagation delay in NTN.
Proposal 16: 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.

	R1-1904858(IDC)
	Proposal 1: Association rules between SSB and PRACH occasions should be revisited to allow the UE to report its preferred SSB in Msg1.
Proposal 2: RAN1 should study the mechanism to allow the network to distinguish the different PRACH occasions sent by UEs.
Proposal 4: NR should support the option of configurable length for “ra-ResponseWindow” to accommodate different NTN scenarios.
· FFS: explicit configuration or implicit indication based on SIB parameters.

	R1-1905180(ZTE)
	Proposal 3 : The need to revisit RAR TA command design should be investigated and captured in [3] depending on scenarios and numerologies


Based on the above views, adjustment on the timer/window within the existing 4-step RACH, e.g., RAR window, RA-RNTI. 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.
7:	A modification of drx-LongCycleStartOffset, drx-StartOffset, drx-ShortCycle, drx-ShortCycleTimer, drx-onDurationTimer, drx-SlotOffset and drx-InactivityTimer is not needed to support NTN.
8:	If HARQ is supported by NTN, the drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL, should be modified to support NTN.
9: 	FFS is if HARQ is supported by NTN whether the value range of drx-HARQ-RTT-TimerDL and drx-HARQ-RTT-TimerUL should be extended to support NTN or an offset is added.  
10: 	A modification of drx-RetransmissionTimerDL and drx-RetransmissionTimerDL is not needed to support NTN.
11:	The sr-ProhibitTimer should be modified to support NTN.
12:	The value range of sr-ProhibitTimer  should be extended to support NTN.
13: 	If HARQ is supported by NTN, the timer t-Reassembly should be modified to support NTN.
14: 	If HARQ is supported by NTN, the value range of t-Reassembly should be extended to support NTN.

The following assumptions will be taken as a baseline and can be revisited if new performance and QoS requirements are defined:
15: 	A modification of the t-PollRetransmit timer value may not needed to support NTN.
16: 	A modification of the t-statusProhibit timer value may not needed to support NTN.
17: modification of the discardTimer value should be studied.
18: timer t-Reordering 
Then, following proposal can be considered for this issue:
Proposal 4: 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 can be considered as baseline.
· Additional issues, e.g., association between PRACH and RO, SSB and RO and scheduling of Msg3, can be revisited in RAN1. 
4. Timing and frequency synchronization
Following proposals and observations are listed in the submitted contribution for this topic to discuss the performance of frequency synchronization at both UE side for both DL and UL:
	Contribution
	Observations and proposals

	R1-1904438(SS)
	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.  

	R1-1904650(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.
[bookmark: _GoBack]Proposal 21: Study UE positioning techniques in NTN for Doppler pre-compensation.  

	R1-1905090(Ericsson)
	Proposal 1 Study methods to compensate UL frequency offsets due to Doppler shift during random access. The following compensation schemes may be considered for study:
a. Open loop frequency compensation based on UE and satellite position
b. Closed loop frequency compensation based on feedback from NW

	R1-1905180(Thales)
	Proposal 6 : UEs capabilities to track DL framing should be further studied based on the delay rate values expected in NTN.

	R1-1905239 (Mitsubishi)
	Proposal 1: It is necessary to evaluate the suitability of the current synchronization sequences in a NTN scenario, for the initial access of a low cost UE, taking in particular into account the necessity to perform an accurate time synchronization in the presence of a large Doppler shift. 


Based on the above views, majority share the views to evaluate the performance of frequency and time synchronization in NTN with assumption of satellite and UE mobility. Then, following proposal can be considered:
Proposal 5: Evaluation of the frequency and time synchronization should be considered in different NTN scenarios.
· Enhancement in either closed-loop or open-loop way can be studied
5. UL scheduling timing
Following proposals and observations are listed in the submitted contribution for this topic:
	Contribution
	Observations and proposals

	R1-1904000(HW)
	Observation 4: The time duration for data transmission on PUSCH and HARQ-ACK on PUCCH is insufficient.

	R1-1904244(Sony)
	Proposal 3: Uplink transmission timing should be studied.


Based on the above views, revisiting of the UL transmission timing for certain channel, e.g., PUCCH/PUSCH, can be considered:
Proposal 6: Enhancement on the UL scheduling timing can be studied in NTN, at least for following cases:
· PUSCH
· HARQ-ACK on PUCCH if feedback of ACK/NACK is supported
· CSI reporting
6. Others
Following proposals and observations are listed in the submitted contribution for this topic:
	Contribution
	Observations and proposals

	R1-1904304(Intel)
	Proposal 1:
· Focus on FDD NTN deployments for UL timing advance and RACH procedure
· TDD can be considered for HAPS and LEO systems

	R1-1905180(Thales)
	Proposal 4 : The TDD pattern design and the guard period sizing should be further studied to address the high RTD values experienced in NTN.
Proposal 5 : The interference levels between UEs in TDD due to high RTD values in NTN should be investigated.

	R1-1904650(Nokia)
	Proposal 28: Study UE positioning techniques in NTN for uplink timing advance including uplink timing advance adjustment. 
Proposal 29: Study UE positioning techniques in NTN for Doppler pre-compensation.  
Proposal 30: Study UE positioning techniques in NTN for country identification. 
Proposal 31: Broadcast satellite location and velocity information by system information, and send the TOA measurement information or UE location information to the network.
Proposal 32: Include the TOA based positioning method for NTN into TR 38.821.


Since there is not majority views on these topics and also considering the limited timing as well as scope of NTN SI, following proposals can be considered:
Proposal 7: Enhancements for the TDD based on NTN solution can be de-prioritized. 
Proposal 8: Positioning methods will not be discussed within NTN SI.
7. References
[1] R1-1904000	Discussion on timing advance and RACH procedures for NTN	Huawei, HiSilicon
[2] R1-1904225	Timing Advance Adjustments for Satellite Communications (NTN)	Fraunhofer IIS, Fraunhofer HHI
[3] R1-1904244	Discussion on uplink timing advance and RACH procedure	Sony
[4] R1-1904304	Discussion on TA and RACH procedure for NTN	Intel Corporation
[5] R1-1904438	Uplink timing advance/RACH procedure and Synchronization for NTN	Samsung
[6] R1-1904550	PRACH design and UL timing advance	CATT
[7] R1-1904591	Issues on Timing Advance and RACH for NTN	Panasonic
[8] R1-1904645	Timing Advance and RACH in NR-NTN	MediaTek Inc.
[9] R1-1904650	Doppler Compensation, Uplink Timing Advance, Random Access and UE Location in NTN			Nokia, Nokia Shanghai Bell
[10] R1-1904669	Considerations on propagation delay for Non-Terrestrial Networks	ETRI
[11] R1-1904732	Considerations on Timing Advance for Non-Terrestrial Networks	CMCC
[12] R1-1904767	Discussion on the TA and PRACH for the NTN	ZTE
[13] R1-1904858	On initial access and RACH procedures for NTN 	InterDigital, Inc.
[14] R1-1905016	RACH Procedure and UL Timing Control for NTN	Qualcomm Incorporated
[15] R1-1905090	On adapting random access procedures for NTN	Ericsson
[16] R1-1905180	On Timing Advance in NTN	THALES
[17] R1-1905239 Time and frequency synchronization (initial access)	Mitsubishi Electric



3/8
image1.wmf
RA

L


oleObject1.bin

image2.wmf
RA

f

D


oleObject2.bin

image3.wmf
u

N


oleObject3.bin

image4.wmf
RA

CP

N


oleObject4.bin

oleObject5.bin

oleObject6.bin

oleObject7.bin

oleObject8.bin

