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This feature lead summary document captures the issues related to UL time and frequency synchronization in NR NTN. It contains a summary of the contributions under 8.4.2 at TSG-RAN WG1 #104-bis-e. together with identified key open issues and recommends topics/questions to be handled via email discussions. The goal of this document is also to provide recommendation on prioritization of discussion and whether any issues should be postponed.

	Please note the following checkpoints for agreements:
Checkpoints for agreements on Apr-15, Apr-20 
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[bookmark: _Toc69116288]Issue#1: NTN UE Timing Advance formula
The Timing Advance to be applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED was discussed in RAN1 Meeting #104-e, the following formula was proposed but not yet agreed:
Updated proposal 1-1: 
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network:


Where:
   and  are defined as in Release-16.
    is UE self-estimated TA 
   is network-controlled common TA, and may include any timing offset considered necessary by the network.
   FFS:  Signaling and the granularity of  
   FFS: When common TA is not indicated
-        Note-1: Definition of  is different from that in   agreement. 
-        Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
-        Note-3: This agreement does not preclude aligned DL & UL timing at gNB or unaligned DL & UL timing at gNB with decision up to future discussion if any.
-        Note-4:  is the common timing offset as agreed in RAN1 #103-e



















In RAN1 Meeting #104-e, the group was converging on this issue, but for some companies the proposal needs to clarify  the behaviour of the UE when the Common TA is not indicated. 
In the contributions submitted to RAN1#104-bis-e, companies provided inputs to clarify the behaviour of the UE when the Common TA is not indicated and some inputs on the signalling and the granularity Common TA.
Proposals related to this issue are summarized in the following table:
	Companies
	Proposals

	THALES
	Proposal 1:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network: 

When common TA is not indicated by the Network:

Where:
·    and  are defined as in Release-16.
·     is UE self-estimated TA 
·    is network-controlled common TA, and may include any timing offset considered necessary by the network.

	OPPO
	Proposal 1: apply TA as , where
· NTA is adjusted by RAR or TAC from MAC-CE
· NTA,UE-specific is a UE-specific TA estimated based on NTN satellite ephemeris
· NTA,common is a common TA indicated by the network
· NTA,offset is a cell-specific offset
Proposal 2: When the common TA is not provided by the network, UE assumes NTA,common=0.

	Spreadtrum Communications
	Proposal 2: The value of common TA defaults to zero when not indicated by the network.

	PANASONIC R&D Center Germany
	Proposal 1: We propose the Common Timing Offset value formulation expressed by multiples of  () with NTA,common having a granularity in the order of slot or half slot duration. 

	CATT
	Proposal 3: When the common TA is not indicated by the gNB, common TA should be set to zero. 

	MediaTek Inc.
	Proposal 1: Configuration of NTA,common is up to gNB depending on assumption for reference point for DL subframe and UL subframe alignment
· NTA,common = RTD of feeder link if reference point is gNB
· NTA,common =0 if reference point is satellite

	ZTE
	Proposal 1: The indication of common TA should always be assumed.

	Xiaomi
	Proposal 2: The UE should assume that   , when common TA is not broadcasted by network.
Proposal 3:    is controlled by RAR and TAC in MAC-CE as in Release-16.
Proposal 4:  Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode assume   =0. 

	Mitsubishi Electric RCE
	Proposal 2: In NTN, the network broadcasts a beam-specific default value NTA_default of the user-specific NTA value for initial access purposes.

	Ericsson
	[bookmark: _Toc68625499]Proposal 2: The TA for NTN should use the legacy granularity of  units or a multiple of  units, i.e., the common TA component  should be placed within the brackets as follows: 
[bookmark: _Toc68625500]Proposal 3: The TA to be used by NTN UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states should be as follows:
where:
	 and  are defined as in Rel-16.
	  is UE-autonomous TA calculated based on the GNSS-acquired UE position and the serving satellite ephemeris to pre-compensate for the service link RTT.
	 is network-controlled common TA to compensate (e.g.) for feeder link RTT.
Proposal 4	The UE calculates the UE-specific TA (in  units) as follows: where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the signal the UE is about to transmit
Proposal 6	The UE determines the common TA (in  units) as follows: where  is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and  is the time the UL signal to be transmitted by the UE will be relayed by the satellite.

	Apple
	Proposal 1: The TA used for Msg1/MsgA transmission is given by 
,
where 
· ,  and  are defined as in Release-16
·  is UE self-estimated TA
·  is network-controlled common TA if indicated by network, or is 0 if not indicated by network.

	Qualcomm Incorporated
	Proposal 1: 
· In NTN, the network may broadcast a common timing offset value with granularity of one slot assuming SSB subcarrier spacing. 
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

           where X is derived from the common timing offset.

	Samsung
	Proposal 3: The TA update with  is used.

	InterDigital, Inc.
	Proposal 1: X is expressed as the legacy granularity of Tc unit.

	LG Electronics
	Proposal 3. Support the latest updated proposal 1-1 in R1-2102215 [3] 


	CEWiT, IITM, IITH
	Proposal 1: The final equation for the full TA at UE should be, 

Where:
·    and  are defined as in Release-16.
·     is UE self-estimated TA
·    is network-controlled common TA and may include any timing offset considered necessary by the network.

Proposal 9:  In UE specific TA estimation, TA value estimated by UE is quantized using predefined step size to get the final TA. The step size can be the TA margin configured to the UE. 

	CAICT
	Proposal1: In the scenario of transparent satellites, setting whether the satellite or the gNB as the reference point, both options have advantages and disadvantages and shall be supported.



[bookmark: _Toc69116289]Company views 
Based on the submitted contributions  to RAN1#104-bis-e the majority is supportive of the formula of TA  discussed in  RAN1 #104-e [Oppo, Spreadtrum Communications, CATT, Xiaomi, Apple] proposed to clearly state in the proposal that UE assumes NTA,common=0 when the common TA is not provided by the network. According to [MediaTek ] configuration of NTA,common is up to gNB depending on assumption for reference point for DL subframe and UL subframe alignment: NTA,common = RTD of feeder link if reference point is gNB and 	NTA,common =0 if reference point is satellite. 
For [ZTE] The indication of common TA should always be assumed.
On the other hand, [Qualcomm] observed that compensation of feeder link timing drift by UE can impose significant implementation complexity and may not be feasible. It is more efficient to have network compensate feeder link timing drift in a way transparent to UE. And proposed that a part of the feeder link delay can be compensated by UE for ease of network implementation. the network may broadcast a common timing offset value with granularity of one slot assuming the subcarrier spacing of the SSB of the cell.
[Moderator’s view]: When the reference point for time synchronization is the satellite, the gNB may not need to indicate the Common TA which is de facto equal to 0 (if it does not absorb TA margin as proposed by some companies). Thereby, when Common TA is not present in the SIB the UE shall assume = 0.



Given the views expressed on this issue, the Initial Proposal 1 is made as follows:

Initial Proposal 1:

The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by: 
When common TA is indicated by the Network. 



When common TA is not indicated by the Network.



Where:
·    and  are defined as in Release-16.
·     is UE self-estimated TA calculated by the UE based on the GNSS-acquired UE position and satellite ephemeris.
·    is network-controlled common TA, and may include any timing offset considered necessary by the network.

Note-1: Definition of  is different from that in   agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset as agreed in RAN1 #103-e.

Companies are encouraged to provide their comments and views in the following table:
	Companies
	Comments and Views

	
	

	
	



[bookmark: _Toc69116290]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc69116291]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc69116292]Issue#2: Indication of Common TA drift rate 
The discussions on the necessity of indicating the Common TA drift rate were started since RAN1#103e, but such indication is still FFS.
When the Common TA needs to be considered in the TA calculation, the network shall provide/indicate assistance information to be used by the UE for the estimation of Common TA when needed (i.e. before each uplink transmission).
To assist the UE to self-estimate the  at time t, the gNB shall broadcast the Common TA ( ) regularly (e.g. every 160ms). But as already discussed in RAN1#104-e, indicating only the Common TA is not enough. 
Many contributions provided inputs to RAN1#104-bis-e on the need and benefit of indicating the Common TA drift rate. 
Furthermore, some contributions discussed the benefits of indicating the Common TA drift variation rate as well [Thales, MediaTek]:
Indeed, using indicated Common TA drift rate, the UE can self-estimate the Common TA based on a first-order approximation as follows :
Solution 1:

Moreover, for better accuracy of self-estimated Common TA a second-order approximation may be needed, thereby, both Common TA drift rate and Common TA drift variation rate may need to be indicated.
Solution 2:

, and  denote respectively the Common TA, Common TA drift rate and Common TA drift variation rate acquired by the UE at SIB period t0.
 denotes one-way propagation delay from gNB to the UE at time t0 (UE’s timing). This needs to be considered  in both equations to take into account the ageing of  values (the  at time t0 is outdated by  at the reception by the UE).
The following table recaps the proposals submitted to RAN1#104-b-e regarding Issue#2:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 6: Indicate a common TA drift rate as part of the common TA applied by UE.
Proposal 7: For Msg1/MsgA transmission and TA maintenance, use a common TA drift rate to compensate the TA drift between SIB decoding and UL transmission.

	OPPO
	Proposal 5: the network indicated common TA can be updated by a drift rate, e.g. NTA,common_new= NTA,common_old + drift rate * t

	PANASONIC R&D Center Germany
	Proposal 4: We propose to at least allow for a non-zero DL-UL timing difference manged by the gNB
FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.

	CATT
	Proposal 5: Whether to broadcast the common timing drift rate needs further investigation. 

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 1	 Support the common TA drift rate to improve the required periodicity of the SI-message to signal the common TA from every 80ms to every 1.6 seconds.

	MediaTek
	Proposal 2: In case reference point for UL-DL subframe timing alignment is gNB, broadcast on NTN SIB
· Common delay NTA,common in a 18 bit field
· Common delay drift rate NTA,common,drift, rate in a 8 bit field
· Common delay drift rate variation NTA,common,drift,rate,variation in a 6 bit field

	CMCC
	Proposal 1: The common TA is determined as

where:
 is the slot number of the targeted UL slot.
 is a “time stamp” slot number.
 is the common TA (in  units) at slot number .
 is the common TA drift rate (in  units per slot).
and,


where: 
 represents the synthetical impact of time-invariant parameters.
 is a scaling factor.
,  are time-variant parameters, and they need to be updated with time
Proposal 2: Indication of parameter  (a time-invariant offset of ) should be supported.
· For DL and UL aligned at satellite,  can be used to absorb TA margin.
· For DL and UL not aligned at satellite (including aligned at gNB),  can be used to absorb TA margin and the minimum RTT on the feeder link.

Proposal 3: Indication of parameter  and  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  and  should be indicated and updated to capture the rapidly changed RTT on the feeder link.

	ZTE
	Proposal 3: Indication of common TA drift rate should be supported to assist TA adjustment.

	Xiaomi
	Proposal 5: The common timing drift rate indicated by network should be supported.

	Intel Corporation
	Proposal 1: 
•	Support common TA drift rate indication 
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration

	Ericsson
	
Proposal 5	 The network broadcasts parameters describing the common delay by a linear function as follows: where:  is the time the signal passes the satellite  is a reference time of the broadcast common delay  is the common one-way delay at time    is the common one-way delay drift rate
Proposal 7	The characterization of the common delay should include drift rate information.

	Apple
	Proposal 3: Consider common TA drift rate is broadcasted together with common TA. If common TA is not indicated, then the common TA drift rate is also not indicated. 
Proposal 4: The network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate and  is the time gap between the latest common TA reception and the corresponding uplink transmission, in the unit of .

	Samsung
	Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.

	Sony
	Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.

	Lenovo, Motorola Mobility
	Proposal 3: Support indication of common timing offset drift rate.

	NTT DOCOMO, INC.
	Proposal 1: Common timing drift rate can be indicated to users to cover all the foreseen implementations and scenarios.
Proposal 5: One or multiple common TAs can be broadcasted for UEs with different UE capabilities on TA self-estimation/pre-compensation accuracy.

	LG Electronics
	
Proposal 4. Support additional signaling by the network in order to apply proper common timing offset according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common timing offset
· Alt 2) providing series of common timing offset.

Proposal 8. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.


	Fraunhofer IIS, Fraunhofer HHI
	Proposal 2: The characteristic of the common RTT/delay (or feeder link RTT/delay) shall be taken into account for the design of its corresponding signaling.
Proposal 4: RAN1 to consider the signaling of the parameter set , drift scale rate, , a constant, and , an exponent (can take integer values), for signaling of the common RTT/delay in NTN.    
Proposal 5: RAN1 to consider UE autonomous drift rate calculation for common RTT/delay signaling.

	Nokia, Nokia Shanghai Bell
	Proposal 8: It should be left up to the gNB to decide whether to broadcast the TA drift value or not.

	Sequans Communications
	Proposal 1: For common TA broadcast design, RAN1 shall consider drift rate accuracy and signalling overhead aspects.

	CEWiT, IITM, IITH
	Proposal 3: In NTN, the network may broadcast a common timing drift rate and update duration to update the common TA by UE in periodic interval. It can be broadcasted in the NTN specific SIB.



[bookmark: _Toc69116293]Company views 
According to the contributions submitted to RAN1#104-bis-e the benefit of providing a drift rate is clear to the majority of companies.
The indication of common TA drift rate should be supported as part of the characterization of the common TA according to [ZTE, CMCC, Xiaomi, Intel Corporation, Ericsson, Apple, Samsung, Sony, Lenovo, Motorola Mobility, NTT DOCOMO, INC. Fraunhofer IIS, Fraunhofer HHI, Sequans Communications, CEWiT, Huawei, Thales].
[Huawei] observed that applying a common TA drift rate at the UE can reduce the closed loop signaling overhead and avoid frequent SIB1 decoding and proposed to indicate a common TA drift rate as part of the common TA applied by UE.
[Thales, MediaTek] proposed to use for self-estimated Common TA a second-order approximation for better accuracy.
[Thales] observed that by considering the most restrictive case (i.e. UE in Connected state and 120kHz SCS) the UE can self-estimate the Common TA with sufficient accuracy provided that an updated related assistance information is available at the UE during the last 0.7 s when Common TA drift rate is indicated or during the last 5s when both Common TA drift rate  and Common drift variation rate are indicated. Alternatively, [Thales] proposed to indicate averaged Common TA Drift rate instead of Instantaneous Common TA Drift rate if Common TA drift variation rate is not broadcast.
[Asia Pacific Telecom] Support the common TA drift rate to improve the required periodicity of the SI-message to signal the common TA from every 80ms to every 1.6 seconds
According to [Nokia] It should be left up to the gNB to decide whether to broadcast the TA drift value or not.
For [PANASONIC, CATT] Whether to broadcast the common timing drift rate needs further investigation.



Based on the inputs from the contributions submitted to RAN1#104-bis-e, the initial proposal 2 is made as follows:
Initial proposal 2:
When Common TA shall be considered in UE autonomous TA calculation, the Network shall periodically broadcast:
· 
· And other assistance information to be used by the UE for the self-estimation of Common-TA:
· Option 1: Broadcast of Instantaneous Common TA Drift rate, without Common TA drift variation rate indication
· Option 2: Broadcast of averaged Common TA Drift rate, without Common TA drift variation rate indication
· Option 3: Broadcast of Instantaneous Common TA Drift rate, With Common TA drift variation rate 

	Companies
	First preference
	Second preference
	Unacceptable option(s)

	
	
	
	

	
	
	
	



[bookmark: _Toc56168766][bookmark: _Toc69116294]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc56168767][bookmark: _Toc69116295]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc69116296]Issue#3: Granularity and signalling of Common TA 
The discussion about the granularity and signalling of Common TA was already started in RAN1#104-e. This issue is also discussed in many contributions submitted to RAN1#104-bis-e.
Granularity of Common TA needs to be clarified because it is related to the signalling overhead introduced by Common TA indication but more importantly to the accuracy of Common TA. Discussion on the accuracy of Common TA should consider the quantization error which depends on the granularity of common TA.
Let’s first discuss the granularity of Common TA:
· Granularity of Common TA
These are the proposals on Common TA granularity submitted to RAN1#104-bis-e:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 4: The granularity of common timing TA is set to be the same as the granularity of , i. e. *Tc

	ZTE
	
Proposal 2: The signaling granularity of common TA can be chosen as.

	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of same as granularity of TA command.

	Fraunhofer IIS, Fraunhofer HHI
	Proposal 2: The characteristic of the common RTT/delay (or feeder link RTT/delay) shall be taken into account for the design of its corresponding signaling.

	Spreadtrum Communications
	Proposal 1: N_(TA,common) should be expressed in the legacy granularity of Tc units.

	CATT
	Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  

	Xiaomi
	Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 

	Apple
	Proposal 2: The broadcast common timing offset is in the unit of .

	Qualcomm Incorporated
	Proposal 1: 
· In NTN, the network may broadcast a common timing offset value with granularity of one slot assuming SSB subcarrier spacing. 
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

           where X is derived from the common timing offset.



· Signalling of Common TA:
In current meeting we can have some preliminary discussions on  the signalling design of Common TA. But a final agreement on this topic will depend on the outcome of the discussions  on Issue#2.
These are the proposals related to Common TA signalling submitted to RAN1#104-bis-e:
	Companies
	Proposals

	THALES
	Proposal 3: 
If Common TA shall be considered in UE autonomous TA calculation, the Network shall periodically broadcast:
· in case of GEO based non-terrestrial access network:
· Common TA (in a field of 23 bits 
· in case of LEO/MEO based non-terrestrial access network:
· Common TA (in a field of 19 bits 
·  Common TA drift rate( ) in a field of 13 bits
· FFS: Common TA drift rate variation ( ) in a field of 6 bits

	PANASONIC R&D Center Germany
	Proposal 2: The common TA is always indicated in SIB. Value 0 for NTA,common should be supported. 

	MediaTek Inc.
	Proposal 2: In case reference point for UL-DL subframe timing alignment is gNB, broadcast on NTN SIB
· Common delay NTA,common in a 18 bit field
· Common delay drift rate NTA,common,drift, rate in a 8 bit field
· Common delay drift rate variation NTA,common,drift,rate,variation in a 6 bit field

	ZTE
	Proposal 1: The indication of common TA should always be assumed.

	Samsung
	Proposal 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.

	Sony
	Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.

	LG Electronics
	Proposal 5. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)
Proposal 10. 
· At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.

	Fraunhofer IIS, Fraunhofer HHI
	Proposal 1: RAN1 to strive for a unified design of common RTT/delay signaling in order to avoid duplicate signaling of common RTT/delay. 
Proposal 2: The characteristic of the common RTT/delay (or feeder link RTT/delay) shall be taken into account for the design of its corresponding signaling.
Proposal 3: RAN 1 should agree on studying common delay signaling design with reduced signaling overhead. 

	CEWiT, IITM, IITH
	Proposal 2: gNB broadcast the common TA value in the NTN specific SIB message along with other NTN specific broadcast messages.

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 2	 Support the GW location pre-stored in u-sim to prevent the common TA signalling, if there is no security concern.



[bookmark: _Toc69116297]Company views 
Regarding the granularity:
[Spreadtrum Communications] proposed  the unit is Tc. 
[Lenovo, Motorola Mobility]: same granularity as of TA command.
[Xiaomi] proposed the large granularity of N_(TA,common) i.e. 2048 T_c is preferred (With consideration on the signalling overhead)
[CATT] proposed 1024 Tc or 2048Tc of step size.  
[Huawei ] observed, if the granularity of common TA is larger than the granularity of TAC, a larger quantization error will be introduced. Therefore, it seems reasonable to select the same granularity of N_TA for common TA. The granularity of common timing TA is set to be the same as the granularity of N_TA,
[Huawei, Apple]	proposed same as the granularity of N_TA, i. e. 16∙64/2^μ*Tc
[Qualcomm] proposed for a common timing offset value a granularity of one slot assuming SSB subcarrier spacing.

[Moderator’s view]: the granularity (time resolution) should be proportional to the subcarrier spacing as for N_TA: .Tc. Thus, the finer time resolution is given by SCS = 120kHz subcarrier spacing; that is Tc.
Based on the views expressed regarding the granularity, the following p
Initial Proposal 3-1:
The granularity of Common TA is set to be the same as the granularity of , i. e. *Tc
Companies are encouraged to provide their comments and views in the following table:
	Companies
	Comments and Views

	
	

	
	



Regarding the signalling of Common TA:
Based on proposals from different contributions:
Initial Proposal 3-2:
If Common TA shall be considered in UE autonomous TA calculation, the Network shall periodically broadcast:
· Common delay NTA,common in a 18 bit field
· Common delay drift rate NTA,common,drift, rate in a 8 bit field
· FFS: Common delay drift rate variation NTA,common,drift,rate,variation in a 6 bit field

Companies are encouraged to provide their comments and views:
	Companies
	Comments and Views

	
	

	
	



[bookmark: _Toc69116298]Updated proposal based on company views (First round of email discussions)

[bookmark: _Toc69116299]Updated proposal based on company views (2nd round of email discussions)

[bookmark: _Toc69116300]Issue#4: The need and the indication of TA margin
The need of TA-margin was discussed in RAN1#103-e and RAN1#104-e meetings and it seems needed depending on requirements for UE-autonomous TA error, PRACH preamble format, common TA error, and common timing drift rate error.
In Moderator ‘s view:
· TA-margin is needed to account for TA estimation uncertainty when applying the TA pre-compensation in initial access: During the first acquisition of its UE-specific TA, the UE can overestimate the TA. In case of overestimation, the PRACH preamble will be received at gNB side in advance w.r.t. the PRACH occasion leading to unwanted interference with previous slot or PRACH occasion.
· If initial TA does not include a margin for maximum TA estimation error. A bipolar TA command is needed in msg2. i.e support negative TA adjusting in RAR. It is preferable to avoid such specification impact
W.r.t TA margin indication, there mainly two different views: 
· including TA-margin within the Common TA. i.e.; Common TA configuration absorbs the maximum TA uncertainty. 
· TA-margin indication in the SIB; for at least two main reasons:  In case when the RP is located at satellite, the Common TA will be zero and it may not be necessary to provide the Common TA by gNB. Further, the need of TA_margin is only relevant in case of TA acquisition for PRACH msg1/mgsA transmission.  New value of Common TA acquired by the UE in connected state should not include TA_margin.
The companies proposals on the need and indication of TA margin are collected in the following table:
	Companies
	Proposals 

	Huawei, HiSilicon
	Proposal 5: The TA margin for the maximum estimation error is included in common TA offset. 

	THALES
	Proposal 4: RAN1 to discuss the indication of TA-margin after RAN4 response to the LS on timing synchronization requirements

	OPPO
	Proposal 3: NTA,offset should factor in TA margin. 

	Spreadtrum Communications
	Proposal 3: TA margin is indicated in SIB should be supported.

	PANASONIC R&D Center Germany
	Proposal 3: We don’t see a need for the UE to handle a TA margin. As a value transparent to the UE, the TA margin can be included in the Common TA by the network. Setting of the TA margin (and any other margin) is up to the network implementation. 

	CATT
	Proposal 6: TA margin can be one fixed value or not needed at all if UL timing requirement of RRC-IDLE mode and RRC-connected mode for UE is same. 

	MediaTek Inc.
	Proposal 3: TA margin can be included in scope of discussions for timing synchronization requirements in RAN4.

	China Telecom
	Proposal 1: The TA margin shall be included in the common TA.

	CMCC
	Proposal 2: Indication of parameter  (a time-invariant offset of ) should be supported.
· For DL and UL aligned at satellite,  can be used to absorb TA margin.
· For DL and UL not aligned at satellite (including aligned at gNB),  can be used to absorb TA margin and the minimum RTT on the feeder link.

Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.


	ZTE
	Proposal 4: Postpone the discussion on TA margin until RAN4 determines time synchronization requirements.

Proposal 5: If TA margin is needed, it should be absorbed in common TA to save signaling.

	Apple
	Proposal 5: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 

	Lenovo, Motorola Mobility
	Proposal 2: TA margin indication is not supported.

	NTT DOCOMO, INC.
	Proposal 2: Common TA margin and user-specific TA margin should be considered separately.
Proposal 3: Common TA margin can be included in the common TA. The indication of common TA margin is not necessary. 

	Nokia, Nokia Shanghai Bell
	Proposal 4: The cyclic prefix of the random access preamble must be able to cover the aggregate contribution of all sources of time inaccuracy and multipath propagation delays.
Proposal 7: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the common TA value and CP of random access preamble.

	Sequans Communications
	Proposal 2: If TA margin is introduced in NR NTN, its indication should be absorbed within common TA signalling.

	CEWiT, IITM, IITH
	Proposal 4: TA margin should be configured to the UE directly or indirectly to control the uncertainty in the full TA estimation at the UE. Full TA equation including TA margin will be .

Proposal 5: TA margin can be configured indirectly as faction or multiple of the CP of the configured PRACH. . FFS Y value.




[bookmark: _Toc69116301]Company views
Based on the view expressed in RAN1#104-bis-e contributions, it seems reasonable to postpone the discussion on TA margin until RAN4 determines time synchronization requirements.
Initial proposal 4: 
RAN1 to discuss the need and the indication of TA-margin after RAN4 response to the LS on timing synchronization requirements
Companies are encouraged to provide their comments and views:
	Companies
	Comments and Views
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[bookmark: _Toc69116304]Issue#5:	TA command in RAR
In RAN1#103-e meeting, the following working assumption was made on TA command in RAR
Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
The intention of the working assumption on TA command in RAR made in RAN1#103 is to have as design target  not extending  existing TAC 12-bit field in msg2 (or msgB). Basically TA command in RAR will be used by gNB to indicate the residual error made on UE-specific TA, if the accuracy requirements of time pre-compensation are appropriately set there will be no need to extend TAC field in Msg2. As consequence, with this working assumption the discussion about the bit size of the TAC field in msg2 (or msgB) is postponed.
There some proposals in the contributions submitted to RAN1#104-bis-e to confirm this working assumption:
	Companies
	Proposals

	Spreadtrum Communications
	Proposal 4: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

	CATT
	Proposal 7: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

	CMCC
	Proposal 5: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.

	Apple
	Proposal 6: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE pre-compensates an accurate UE specific TA and TA margin in its Msg1/MsgA transmission. 

	LG Electronics
	Proposal 9. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR.
· Support multiple reference points.

	CEWiT, IITM, IITH
	Proposal 6: Agree the working assumption on TAC 12-bit field reuse.



[bookmark: _Toc69116305]Company views
Based on the view expressed in RAN1#104-e and in the contributions to RAN1#104-bis-e, the reasonable way forward  is to postpone the confirmation of this working assumption. We will come back on this topic when the requirement on UL time pre-compensation for Msg1/MsgA transmission are defined.
FL recommendation 5: 
Postpone the confirmation of the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB) until the requirement on UL time pre-compensation for Msg1/MsgA transmission are defined
Companies are encouraged to provide their comments and views in the following table:
	Companies
	Comments and Views
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[bookmark: _Toc69116308]Issue#6 : TA update in RRC_CONNECTED state 
In RAN1#104-e, the following agreement was made:
	Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control



In current meeting we need to start the discussions on the operation of closed loop and open loop TA control.
If we consider Timing formula discussed in Issue#1:

For TA maintenance, the UE needs to update  based on closed loop and () based on open loop mechanism.
w.r.t TA update based on closed loop: some preliminary discussions were started in RAN1#104-e, It seemed that  several companies are with reusing existing   update in RRC_CONNECTED based on TA Command  field in msg2/msgB and MAC CE TA command without specification change. 
However, the support of negative TA Command in RAR should be further investigated if TA-margin is not supported.
As in current specification, closed loop can dynamically controls the component   as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 

· When TACs ( provided within the MAC CE is received,  is updated as follows:


w.r.t TA update based on open loop: The necessity of  open loop TA update was already discussed in previous RAN1 meetings and it is linked to high RTT drift on service link and feeder link especially in case of NGEO scenario. Using closed loop only is not practicable. With TA update based on open loop, the UE can autonomously track the RTD variation on both service link and feeder link to keep the residual timing error within a maximum tolerable range that could be absorbed by the cyclic prefix.
The main issue to be solved now is the combination of open and closed loop TA control
The following proposals on TA update in RRC-Connected state were provided by the different companies:
	Companies
	Proposals

	THALES
	Proposal 5: 
Existing  update in RRC_CONNECTED based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change
· FFS: Whether to support negative TA Command in RAR

Proposal 6:
NTN UE in RRC_CONNECTED shall have an active BWP with common search space configured to monitor system information.


	OPPO
	

Proposal 4: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

	CAICT
	Proposal3: FFS the condition when to apply the TA through combined closed loop and open loop. 

	CATT
	Proposal 8: UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation when combining the close-loop TA compensation.

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 3	For RP at gNB, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
Proposal 8	For RP at a satellite, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.

	China Telecom
	Proposal 2:  and  are updated together by a combined TA command based on closed loop updating.
Proposal 3:  is updated by adding the newly estimated offset directly: 

	CMCC
	Proposal 6: Enhanced TA command based TA determination mechanism for UE in RRC_CONNECTED should be supported, where, the enhanced TA command consists of (, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 7: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 


	ZTE
	Proposal 6: In RRC_CONNECTED state, if the expression of applied TA determined as:

,
where
· 

,  is estimated by UE based on GNSS and indicated information.
· 



,  is the common TA drift rate indicated by BS, and  is the interval between the time when  is valid and current time.
· 

,  is indicated in MAC CE TA command.

	Xiaomi
	Proposal 3:    is controlled by RAR and TAC in MAC-CE as in Release-16.

	Mitsubishi Electric RCE
	Proposal 3: Support network assistance indicating to the UE whether to skip timing advance acquisition during handover.

	Ericsson
	Proposal 4	The UE calculates the UE-specific TA (in  units) as follows: where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the signal the UE is about to transmit
Proposal 6	The UE determines the common TA (in  units) as follows: where  is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and  is the time the UL signal to be transmitted by the UE will be relayed by the satellite.

	Apple
	Proposal 7: In RRC connected mode, UE updates its TA value using 
,
where 
·  is based on the updated TA command MAC CE
·  is based on the updated GNSS positioning signal or satellite ephemeris
·  is based on the updated common TAand common TA drift rate .

	Qualcomm Incorporated
	Proposal 2 : Send an LS to RAN4 to inform RAN1’s decision on timing control and to enquire details of combination of open and closed-loop TA

	Sony
	Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
Proposal 4: UE should update the common TA with common timing drift rate when UE transmits uplink data.

	LG Electronics
	Proposal 11. RAN1 should discuss how to update and/or report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

	Nokia, Nokia Shanghai Bell
	Proposal 5: The GNSS-assisted pre-compensation solution used by the UE shall meet the demands of the preamble format chosen by the operator. The UE shall ensure that requirements in TA adjustment and frequency pre-compensation for all preamble formats are met at any time.
Proposal 9: Network must be in control of the timing advance updates applied at the UE in RRC connected mode.

Proposal 10: Closed-loop TA control in RRC connected mode is preferable to ensure stability of the TA control loop.
Proposal 11: Open loop TA control in RRC connected mode should be applied only in a way that does not impact the closed loop TA control messages.
Proposal 12: For RRC connected mode, self-estimated UE-specific TA estimation based on GNSS-provided time reference and the time provided by referenceTimeInfo-R16 is a beneficial solution and should be standardized as well

	Sequans Communications
	Proposal 3: GNSS-specific measurement gaps should be defined to accommodate various UE design options for NR NTN.

	CEWiT, IITM, IITH
	Proposal 7: gNB should provide the set of instructions to refine the TA estimated by the UE for better control of the gNB over UE specific TA estimation.

Proposal 11: gNB can provide the  value to the UE per beam/cell where is the minimum timing advance UE can experience in the beam/cell. 

Proposal 12: UE will correct the TA in connected mode using velocity information of satellite apart from the MAC-CE TA based update.

Proposal 13: In connected mode, combination of open and close loop TA update should be adopted. New TA value update equation will be,  . 

Proposal 14: The  will be determined by UE using estimated drift value and additional drift provided by gNB.



[bookmark: _Toc69116309]Company views
Based on the contributions submitted to RAN1#104-b-e, some companies proposed to reuse existing Release-16 closed loop to update : [THALES, Oppo, ZTE, Xiaomi, Apple]. Further [OPPO] proposed to support negative  TA Command in RAR.
The most complex topic is the combination of both closed loop and open loop. Some companies provided proposals, see proposals from [China Telecom, CMCC, ZTE, Ericsson, Apple, CEWiT, IITM, IITH].
[Asia Pacific Telecom] proposed to support disabling the open-loop TA control depending on the RP position.
[Sony] In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
For [Nokia] Network must be in control of the timing advance updates applied at the UE in RRC connected mode. And proposed that Open loop TA control in RRC connected mode should be applied only in a way that does not impact the closed loop TA control messages.

[MediaTek] observed if the common delay drift rate NTA,common,drift, rate and NTA,common,drift,rate, variation are broadcast the UE could autonomously predict and correct to common delay drift rate with an accuracy within 0.01 μs without need to receive a MAC CE TAC.
According to [Qualcomm] details of combination of open and closed-loop TA should be defined by RAN4.
[Moderator’s view] : In RRC_Connected state the NTN UE shall update (  ) so that the cyclic prefix could absorb the propagation delay variation due to satellite movement . With Open loop TA update, the UE compensates the delay so that the residual delay can be absorbed by the CP in use. It looks like, as depicted in Figure below, the UE puts and maintains itself within 700m from reference point when using 15 kHz SCS or within 88m from reference point when using 120 kHz SCS.
Furthermore, it was observed via simulations, presented in  [2] that the UE could autonomously predict and correct the common delay within 0,15 µs provided that an updated Common TA related assistance information is available at the UE during the last 0.7 s when Common TA drift rate is indicated or during the last 5s when both Common TA drift rate  and Common drift variation rate are indicated. Moreover, the UE could autonomously predict and correct the delay on service link within a timing error range of 0.15 µs provided that an updated ephemeris data is available at the UE during the last 45 s. As a result, by updating  the UE could autonomously track the RTD variation on both service link and feeder link to keep the residual timing error within a maximum tolerable range that could be absorbed by the cyclic prefix when using 120kHz SCS. 

[image: ]

Finally, before solving the  FFS on the details of the combination of open and closed loop TA control and possibly send an LS to RAN4 to inform RAN1’s decision on timing control and to enquire details of combination of open and closed-loop TA as proposed by [Qualcomm] . The Moderator’s view is to first discuss the operation of closed loop and open loop TA control separately. The initial Proposal 6 is made as follows:
Initial Proposal 6: 

In RRC_CONNECTED state:

· Existing  update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change.
· FFS: Whether to support negative TA Command in RAR

·  is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris
· FFS: Update of  . 
· This FFS will be solved when the issue on Common drift rate indication is solved

Companies are encouraged to provide their comments on Initial Proposal 6:
	Companies
	Comments and Views
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[bookmark: _Toc69116312]Issue#7 : NTN UE Time Alignment Timers
The legacy timeAlignmentTimer is used for closed loop TA update. Similarly specific timers may be needed for open loop TA update. The reasons for introducing such timers are the following:
For  update the UE needs to acquire satellite ephemeris and use its own propagator to predict its specific TA during a certain time period without the need of acquiring new ephemeris data. The newly acquired ephemeris data will be valid only  during a period depending on propagator model used by the UE and the maximum tolerable error on the estimation of .
Similarly, for  update, the assistance information (Common TA, Common TA drift rate) acquired in the SIB will be valid only during a validity time period which depends on the maximum tolerable error on common TA estimation and the order of the Common TA approximation to be carried out by the UE. At the reception of new assistance information, the UE shall start/restart related timer. At expiry of this timer a new acquisition of Common TA estimation assistance information is required.
Regarding the Time Alignment Timers for NTN UE these proposals were submitted to RAN1#104-bis-e:
	Companies
	Proposals

	THALES
	Proposal 7:
A validity timer configured for UE specific TA defines the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation.
· This timer is restarted each time the UE receives new ephemeris data
· The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.

Proposal 8: 
A validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation.
· This timer is restarted each time the UE receives new assistance information.
· The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.


	PANASONIC R&D Center Germany
	Proposal 5: In RRC_CONNCTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.


	Sony
	Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.

	LG Electronics
	Proposal 13. Support validity timing window for satellite ephemeris information in Rel-17 NTN.

	CEWiT, IITM, IITH
	Proposal 3: In NTN, the network may broadcast a common timing drift rate and update duration to update the common TA by UE in periodic interval. It can be broadcasted in the NTN specific SIB.



[bookmark: _Toc69116313]Company views
Based on the above. RAN1 to discuss the necessity of the following proposal:
Initial proposal 7:
A validity timer configured for UE specific TA defines the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation.
· This timer is restarted each time the UE receives new ephemeris data
· The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.

A validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation.
· This timer is restarted each time the UE receives new assistance information.
· The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.

Companies are encouraged to provide their comments  and views:
	Companies
	Comments and Views
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[bookmark: _Toc69116316]Issue#8: TA reporting
TA reporting was already discussed in RAN1#104-e. The following FL recommendation was made: 
Handle TA Reporting proposals under A.I. 8.4.1 or under A.I. 8.4.2 once sufficient progress has been made in A.I. 8.4.1.
Companies [MediaTek, Huawei, Xiaomi, ZTE, CATT, APT, Samsung, vivo, CMCC, LG, Panasonic, OPPO, Apple] provided views in RAN1#104-e. They were all supportive of FL recommendation.
Within the contributions to RAN1#104-b-e, proponents companies provided the following proposals:
	Companies
	Proposals

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 4	Support UE autonomous TA adjustment if and only if NW can still know the absolute TA value.
Proposal 5	Support TA report in RRC_CONNECTED to provide UE-gNB RTT to NW.
Proposal 6	Support UE location report in RRC_CONNECTED to prevent frequent TA reporting, if there is no privacy concern.
Proposal 7	If TA reporting in RRC_CONNECTED is supported, the following values shall be considered between consecutive TA reports: 1) the maximum amount of the magnitude of the timing change in one adjustment and 2) the minimum/maximum aggregate adjustment rate per second.

	Mitsubishi Electric RCE
	Proposal 1: UEs using self-acquired timing advance for initial access signal the pre-compensation value NTA to the network during the initial access process.

	Samsung
	Proposal 4: UE’s estimated TA value is reported to gNB.

	LG Electronics
	Proposal 6. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Proposal 11. RAN1 should discuss how to update and/or report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

	CEWiT, IITM, IITH
	Proposal 8: UE should report the applied TA to the gNB for better control over UE’s behaviour.

Proposal 10: UE will report the applied TA to the gNB in terms of number of steps used in the quantization of TA.

	InterDigital, Inc.
	Proposal 2: a PRACH resource set is configured per distance group from the UE to satellite and a UE determine a PRACH resource set for Msg1 transmission based on the distance group the UE belongs to.



[bookmark: _Toc69116317]Company views
[Asia Pacific Telecom, Mitsubishi Electric RCE, Samsung, LG Electronics] proposed to support TA reporting to gNB. 
The reasons provided are the following: [CEWiT] UE should report the applied TA to the gNB for better control over UE’s behaviour. [Asia Pacific Telecom] support UE autonomous TA adjustment if and only if NW can still know the absolute TA value.
Some methods for TA reporting were proposed:  [LG] proposed to support implicit reporting of TA estimated by the UE. and according to [CEWiT] UE will report the applied TA to the gNB in terms of number of steps used in the quantization of TA. [Asia Pacific Telecom] Support UE location report in RRC_CONNECTED to prevent frequent TA reporting, if there is no privacy concern. On UE-specific TA value indication, [InterDigital] proposed a PRACH resource set is configured per distance group from the UE to satellite and a UE determine a PRACH resource set for Msg1 transmission based on the distance group the UE belongs to.
[Moderator’s view]: TA reporting would be beneficial only for timing relationships, e.g if K_offset is updated UE-specifically. And therefore, such discussion should be handled under AI 8.4.1 on timing relationships. Once sufficient progress has been made on the update of  K_offset after initial access.
FL recommendation 8:
Handle TA Reporting proposals under A.I. 8.4.1 or under A.I. 8.4.2 once sufficient progress has been made in A.I. 8.4.1.
Companies are encouraged to provide their comments on Moderator’s recommendation 8:
	Companies
	Comments and Views
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[bookmark: _Toc69116320]Issue#9: Broadcasting the position of a reference point
Broadcasting the position of a reference point is an alternative solution that would simplify the time and frequency compensation mechanisms was proposed by [Ericsson, CMCC]. Such potential solution was already discussed in RAN1#104-e. 
The principles of this UE centric pre-compensation solution is captured in the following observation made by [Ericsson]: If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signalled to the UE, the UE can autonomously determine the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link, which would simplify the time and frequency compensation procedures.	
[CMCC] observed that broadcasting the position of a reference point of the feeder link is beneficial to simplify the time compensation procedures and reduce signalling overhead for frequent update of N_(TA,common). And Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
[CMCC] and [Ericsson] proposed to support broadcasting a reference point of the feeder link:
	Companies
	Proposals

	CMCC
	Proposal 12: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.


	Ericsson
	Proposal 11	Support broadcasting a reference point of the feeder link and UE autonomous determination of the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link.



[bookmark: _Toc69116321]Company views
According the views expressed in RAN1#104-e on this issue it seemed there is no need to broadcast the position of a reference point.
[Moderator’s view]: the main concern is how a reference point located on the feeder link can be characterized without indicating the position of the GW? It follows which orbit?  That is, any reference point cannot be indicated without indicating the GW position as well. But, the broadcast of the GW position was discussed since RAN1#102-e.  The NTN GW position may or may not be a critical information depending on the deployment scenario. Then, it is essential to support the cases where it is not acceptable to share this information with the users.
FL recommendation 9: 
On support of broadcasting a reference point, proponents are encouraged to provide more details on the feasibility of such solution by taking into account companies’ concerns on this issue.  
	Companies
	Comments and Views
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[bookmark: _Toc69116324]Issue#10 : Common Doppler shift pre/post compensation on the feeder link
In RAN1#103e, it was agreed that an NR NTN UE shall be capable to perform frequency pre-compensation to counter shift the Doppler experienced on the service link. But there is not agreement yet on Doppler shift pre/post compensation on the feeder link. It is not yet clear if it has to be performed by the UE or the Network (gNB and/or GW/Satellite).
This issue is linked to the discussion on reference point for UL timing and frequency synchronization. Such discussion has been started during RAN1#103e. 
The following options have been proposed:
Option 1: The reference point for frequency in an NTN is located at the satellite. 

The UE shall be responsible for determining the frequency offset required for frequency alignment at the satellite. The gNB shall manage the other sources of frequency error (e.g. satellite transponder, feeder links). 
Option 2: The reference point for frequency in an NTN is located at the gNB: 

The UE shall be responsible for determining the frequency offset required for frequency alignment at the satellite. However, the network shall configure additional frequency offsets that are signalled to the UE. The signalled offsets are determined by the gNB. These offsets are applied on top of the one determined by the UE.
Option 3 : The reference point for frequency in an NTN is under control of the network: 
The UE shall be responsible for determining the frequency offset required for frequency alignment at the satellite. However, the network may configure additional frequency offsets that are signalled to the UE. The signaled offsets are determined by the gNB and may be used to move the reference point. This is the most flexible option
The following is proposed by the companies w.r.t to Common Doppler shift pre/post compensation on the feeder link:
	Companies
	Proposals

	THALES
	Proposal 9:
 RAN1 working assumption is that GW compensates common Doppler shift / Doppler shift variation over the feeder link  and any transponder frequency error  in a transparent way to the UE and gNB.


	MediaTek Inc.
	Proposal 4: RAN1 working assumptions for UL synchronization:
· GW pre/post compensates common Doppler shift / Doppler shift variation over the feeder link 
· GW pre/post compensates any transponder frequency error at the satellite


	Intel Corporation
	Proposal 3: 
•	It is assumed by RAN1 that compensation of feeder link Doppler shift is done at the gNB side for UL/DL


	Ericsson
	Proposal 9	The gNB may broadcast a parameter giving an additional frequency shift that the UE should apply at transmission. The value of this parameter should be configurable. It may be used for compensating for the Doppler shift observed on the feeder link.
Proposal 10	RAN1 should investigate the possibility of the solution where the gateway pre/post-compensates the feeder link Doppler shift in a way transparent to the gNB and UE.

	Nokia, Nokia Shanghai Bell
	Proposal 13: The location and determination of the frequency reference point must be agreed before developing further solutions for open technical aspects in NTN standardization.
Proposal 14: If the frequency reference point is at the satellite, the satellite is responsible for pre-compensating the feeder link Doppler shifts applicable for both uplink and downlink.
Proposal 15: The satellite has the responsibility of compensating the feeder link Doppler shift in DL and if needed in UL. The feeder link should be seen as an ideal link without any Doppler shift by the gNB.
Proposal 16: The reference point for frequency should be under control of the network. In case the frequency reference point is not at the gNB, the satellite is responsible for compensating the feeder link Doppler shift in the uplink and downlink. 

	Qualcomm Incorporated
	Observation 1: Compensation of feeder link timing drift and Doppler by UE can impose significant implementation complexity and may not be feasible. It is more efficient to have network compensate feeder link timing drift and Doppler in a way transparent to UE.
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For [THALES, MediaTek, Intel] it is assumed that the network does pre/ post-compensation of Doppler shift over the feeder link. [Ericsson] proposed to use similar design as for Common TA; that is, the gNB to indicate necessary assistance information to be used by the UE to compensate the Doppler shift observed on the feeder link. Further, [Ericsson] observed  that having the feeder link Doppler shift performed by the GW is a convenient solution from the gNB and UE perspective but since it is currently unclear how to view the gateway from a 3GPP architecture point of view, the possibility to put requirements on the gateway to perform Doppler shift compensation needs further study. [Ericsson] then proposed for RAN1 to investigate the possibility of the solution where the gateway pre/post-compensates the feeder link Doppler shift in a way transparent to the gNB and UE. 
In [Nokia]’s proposal the satellite has the responsibility of compensating the feeder link Doppler shift in DL and if needed in UL. [Qualcomm] observed that it is more efficient to have network compensate feeder link timing drift and Doppler in a way transparent to UE.
[Moderator’s view] It is not necessary that reference point of UL time synchronization and reference point for frequency synchronization are the same. At least for frequency synchronization it is viable to consider the reference point is on-board the satellite and the GW/Satellite compensate common Doppler shift / Doppler shift variation over the feeder link  and any transponder frequency error  in a transparent way to the UE and gNB.
Based on the view expressed in the companies’ contributions the following working assumption:
Working assumption:
The gateway and satellite-payload compensate common Doppler shift / Doppler shift variation over the feeder link and any transponder frequency error  in a transparent way to the UE and gNB.
Companies are encouraged to provide their comments on this working assumption in the following table:
	Companies
	Comments and Views
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[bookmark: _Toc69116328]Issue#11: Indication of common frequency pre-compensation offset on DL service link
In RAN1#104-e, the following conclusion was made:
	Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
•	FFS: support of DL frequency compensation for the service link Doppler.



Regarding the FFS in the conclusion above, as already discussed in [TR38.821] It was observed via simulations that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift :

[bookmark: _Toc69116329][bookmark: _Toc26620959][bookmark: _Toc30079771][TR38.821] :
[bookmark: _Toc69116330]6.3.2	DL synchronization
According to the simulation assumptions in Table 6.1.2-1, the performance evaluation on the DL synchronization performance is conducted. The corresponding results from [43], [44], [45], [46], [47] are summarized in [48]. It is observed that for DL initial synchronization, robust performance can be provided by the SSB design in Rel-15 in case of GEO and LEO with beam specific pre-compensation of common frequency shift, e.g., conducted with respect to the spot beam center at network side, respectively. 
However, for the LEO without pre-compensation of the frequency offset, additional complexity is needed at UE receiver to achieve robust DL initial synchronization performance based on Rel-15 SSB. No further enhancement on the SSB is needed.
Additionally, w.r.t the performance on the DL timing/frequency tracking, no issues have been identified based on Rel-15/16 NR design. Potential optimization can be further considered in potential normative phase if necessary.


Companies proposals regarding Issue#11 are collected in the following table:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 8: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.

	THALES
	Proposal 10:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary:
· In case of earth-fixed cell, the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB.
· In case of earth-moving beam, the beam-specific common Doppler shift value.


	PANASONIC R&D Center Germany
	Proposal 6: Support of a common frequency offset relative to the UE frequency source and indicated via SIB.  

	CATT
	Proposal 9: Common Doppler shift compensation value of DL and UL for service link can be indicated to UE, which can be defined with Khz granularity.

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 9	Confirm the support of DL frequency compensation for the service link Doppler.


	China Telecom
	Proposal 4: gNB applies a common frequency pre-compensation on the DL link and a common post-compensation for the same amount on the UL link. 
Proposal 5: As the amount of the pre-compensation for the DL link is indicated to the UE, the post-compensation for the UL does not need another indication.
Proposal 6: UE only take charge of the frequency shift cause by UE’s own behaviour, i.e. UE’s location or speed.

	CMCC
	Proposal 8: Support indication of DL frequency compensation for the service link Doppler, i.e.,
· If NR NTN gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of frequency pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.

	ZTE
	Proposal 7: The indication of frequency offset is sufficient to address issues for both DL and UL.

	Xiaomi
	Proposal 6: Pre-compensation value for DL frequency should be indicated by network.

	Intel Corporation
	Proposal 2: 
•	Support DL frequency pre-compensation for the service link Doppler
o	Indication of the applied frequency pre-compensation value is required

	Ericsson
	Proposal 8	If gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.

	Apple
	Proposal 9: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.

	BUPT
	Proposal 1: It is necessary to compensate for doppler code deviation in low orbit satellite system.
Proposal 2: Configuration of small bandwidth and large subcarrier spacing should be considered to weaken the effect of doppler code deviation.

	Nokia, Nokia Shanghai Bell
	Proposal 17: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 18: The amount of common frequency pre-compensation in DL in a cell may be indicated to the UE and thereby be used for determining the amount of UL frequency pre-compensation.

	Sequans Communications
	Proposal 4: RAN1 to consider indication to UE regarding frequency pre-compensation performed at neighbouring cells.
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For [Huawei] the amount of frequency compensation is normalized to a predefined subcarrier spacing. It can be defined with Khz granularity according to [CATT].
For [THALES]: how to indicate the amount of frequency compensation , will depend on the deployment scenario i.e. GEO, NGEO, Earth moving beam and Earth fixed beam.
[PANASONIC, Asia Pacific Telecom, China Telecom, CMCC, ZTE, Xiaomi, Intel, BUPT, Nokia] confirm the support the indication of DL frequency compensation for the service link Doppler.
For [Ericsson]  gNB may optionally apply frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.
[Apple] In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.
Furthermore, for [Sequans ] RAN1 to consider indication to UE regarding frequency pre-compensation performed at neighbouring cells.
[Moderator ‘s view]: The following step w.r.t this issue is to further investigate how to indicate the amount of frequency compensation on the service link and provide detailed signalling design.
We may discuss later on if it would be needed/beneficial to indicate the pre-compensation performed at neighbouring cells/beams as proposed by  [Sequans ].
Based on the views expressed within the different contributions, the Initial Proposal is made as follows:
Initial Proposal 11:

If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary:

· In case of Earth-fixed cell (GEO) or Earth-Quasi-fixed cell (NGEO), the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB.

· In case of Earth-moving beam, the beam-specific common Doppler shift value corresponding to the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link is indicated.
· FFS: the granularity and how to indicate the amount of frequency compensation

Companies are encouraged to provide their comments and views in the following table:
	Companies
	Comments and Views
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[bookmark: _Toc69116334]Issue#12: Indication of common compensation frequency offset for Uplink
This issue was already discussed in RAN1#104-e. Based on these discussions, the necessity of network indication of common frequency offset on UL is unclear to many companies. After the 2nd round of email discussions the FL recommendation was made as follows:
	FL recommendation 3-3: 
On the indication of compensation frequency offset on UL, proponents are encouraged to have offline discussions with other companies.



The necessity of network indication of common frequency offset on UL was not clear to many companies because: It should be further discussed whether the post compensation is for the access link or feeder link:
-If the post compensation is for the feeder link. It is better to wait for the progress on issue#10 on pre/post common compensation of Doppler shift on the feeder link.

-If the compensation is for the service link: It was recommended to use UL frequency compensation indication during release-16 NR NTN study Item under the assumption that a UE without GNSS capability cannot estimate residual Doppler. With GNSS capability, there is no need for UL frequency compensation indication if the UE pre-compensation of Doppler is done with sufficient accuracy.

The companies proposals on this issue are collected in the following table:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 9: Adopt frequency post/pre-compensation with minimum indication overhead for UL frequency alignment.
Proposal 10: To reduce the signaling overhead, only DL pre-compensation indication is needed and sufficient for UL frequency alignment. 

	CMCC
	Proposal 9: If NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter giving the amount of frequency post-compensation, to achieve a common understanding between UE and gNB. This parameter should indicate the RX frequency offset at the satellite receiver relative to the nominal UE RX frequency of the service link.

	Xiaomi
	Proposal 7: The residual offset value of UL frequency at the reference point should be indicated by network.

	Apple
	Proposal 10: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.

	Samsung
	Proposal 9: The gNB indicates the additional UL frequency offset value.
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[Huawei] proposed to adopt frequency post/pre-compensation with minimum indication overhead for UL frequency alignment. For [CMCC] if NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter. According to [Xiaomi] the residual offset value of UL frequency at the reference point should be indicated by network. [Samsung] proposed that gNB indicates the additional UL frequency offset value. [Apple] additional network indication of frequency offset to be pre-compensated by UE is not supported. UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions.
[Moderator’s view] wait for the progress on Issue#10. If the working assumption on common Doppler shift compensation on the feeder link is agreed. There is no need for indicating a common compensation frequency offset on Uplink.

Initial proposal 12:
Wait until progress is made on common Doppler shift pre/post compensation on the feeder link before to discuss the necessity of indicating a common compensation frequency offset to be applied by the UEs on Uplink.

[bookmark: _Toc69116336]Updated proposal based on company views (First round of email discussions)
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[bookmark: _Toc69116338]Issue#13: Close control loop for UL frequency alignment
It was recommended to use UL frequency compensation indication during release-16 NR NTN study Item under the assumption that a UE without GNSS capability cannot estimate residual Doppler. With GNSS capability, there is no need for UL frequency compensation indication if the UE pre-compensation of Doppler is done with sufficient accuracy.
[bookmark: _Toc69116339][TR38.821] :
For the UL frequency compensation, at least for LEO system, the following solutions are identified with consideration on the beam specific post-compensation of common frequency offset at the network side:
●	Option-1: Both the estimation and pre-compensation of UE-specific frequency offset are conducted at the UE side. The acquisition of this value can be done by utilizing DL reference signals, UE location and satellite ephemeris.
●	Option-2: The required frequency offset for UL frequency compensation at least in LEO systems is indicated by the network to UE. The acquisition on this value can be done at the network side with detection of UL signals, e.g., preamble









In RAN1#103e, it was agreed to adopt Option-1 discussed in [TR38.821]:
	Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.



In RAN1#104-e, This issue was discussed and some companies want to consider option-2 in [TR38.821] based on a closed loop uplink frequency control.
However, several companies do not see the need for UL frequency control loop. The Moderator recommended for companies willing to support UL frequency control loop should provide more details on the benefits of such mechanism. And the following recommendation was made after the first round of email discussions:
	FL recommendation : RAN1 to further investigate the needs and benefits to support closed-loop UL frequency compensation for GNNS equipped NR NTN UE



Closed-loop frequency control is discussed within 3 contributions submitted to RAN1#104-bis-e:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 11: For GNSS UE, closed-loop UL frequency compensation is not needed.

	Qualcomm Incorporated
	Proposal 3 : Support closed-loop frequency control commands by MAC-CE.

Proposal 4 : Consider group-common DCI for UL time and frequency control.

	Nokia, Nokia Shanghai Bell
	Proposal 20: Closed-loop control in RRC connected mode can be applied for UE frequency alignment in UL. The UE must follow commands provided by the gNB and ensure stability with any open-loop frequency alignment.

	Spreadtrum Communications
	Proposal 5: Autonomous frequency adjustment based on UE GNSS implementation is enough for UL frequency synchronization.

	OPPO
	Proposal 6: for uplink frequency synchronization, a UE shall pre-compensate the UE-specific Doppler shift on service link w.r.t a gNB’s uplink nominal frequency. 


[bookmark: _Toc69116340]Companies views
[Qualcomm] observed that in case UE synchronizes to DL signal and estimates DL Doppler and UL Doppler based on the geolocations of the UE and of the satellite, a frequency error occurred in the feeder link from gNB to satellite will lead to a UE transmit frequency error twice of the feeder link error. Further according to [Qualcomm]  that there will be scenarios where CL UL frequency control would be needed due to UE movement and infrequent GNSS reading. Therefore, [Qualcomm] prosed to support closed-loop frequency control commands by MAC-CE and to consider group-common DCI for UL time and frequency control.
[Nokia] observed that closed-loop control in RRC connected mode can ensure UE frequency alignment for UL transmission also in case of GNSS loss. And proposed that closed-loop control in RRC connected mode can be applied for UE frequency alignment in UL. The UE must follow commands provided by the gNB and ensure stability with any open-loop frequency alignment.
According to [Huawei ] for GNSS UE, closed-loop UL frequency compensation is not needed. And for [Spreadtrum] Autonomous frequency adjustment based on UE GNSS implementation is enough for UL frequency synchronization. [Oppo] proposed for uplink frequency synchronization, a UE shall pre-compensate the UE-specific Doppler shift on service link w.r.t a gNB’s uplink nominal frequency.
[Moderator’s view]: With GNSS capability, there is no need for UL frequency compensation indication as long as the UE pre-compensation of Doppler shift is done with sufficient accuracy.
Based on the above, the following conclusion is made as follows:
Conclusion
On potential support of closed-loop frequency control, wait until more progress is made on the issues related to the accuracy of UE pre-compensation.
Companies are invited to provide their comments in the following table:
	Companies
	Comments and Views
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[bookmark: _Toc69116343]Issue#14: Serving satellite ephemeris format
In RAN1#104-e, the compromise taken as way forward is to support both satellite ephemeris broadcast based on Ephemeris format based on satellite position and velocity state vectors and Ephemeris format based on orbital elements.
The following agreement was achieved:
	Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported




Therefore, RAN1 need to continue the discussions on the design of both satellite ephemeris format: the content of ephemeris data, the signalling details and the Epoch time associated to ephemeris data. Whether down-selection is needed or both options are supported can be discussed at a later stage.
The following proposals were submitted to RAN1#104-bis-e:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 12: At least Satellite ephemeris format based on the following orbital elements is supported
· Semi-major axis a
· Eccentricity e
· Argument of periapsis ω 
· Longitude of ascending node Ω
· Inclination i
· Mean anomaly M0

	THALES
	Proposal 11: 
RAN1 to discuss whether:
· Option 1: Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast
· Option 2: Epoch time is explicitly indicated within the ephemeris data

Proposal 12:
RAN1 to support satellite ephemeris format:
based on satellite position and velocity state vectors:
· position X,Y,Z absolute in ECEF (m)  in a field of 75 bits
· velocity VX,VY,VZ absolute in ECEF (m/s) in a field of 75 bits
based on orbital elements:
· Da relative in J2000 (m) in a field of 19 bits
· ex (absolute in J2000) in a field of 19 bits
· ey (absolute in J2000) in a field of 19 bits
· Di (relative in J2000) (rad) in a field of 19 bits
· RAAN (absolute in J2000) (rad) in a field of 27 bits
· AOL (absolute in J2000) (rad) in a field of 27 bits

	PANASONIC R&D Center Germany
	Proposal 7: We support to adopt both ephemeris format (orbital elements, and PVT format).

	CATT
	Proposal 1: Ephemeris format based on satellite position and velocity state vectors and Ephemeris format based on orbital elements can be supported both for different scenarios.   
Proposal 2: For ephemeris format based on orbital elements, existing KeplerianSet defined in TR 37.355 can be one starting point, while for the ephemeris format based on satellite position and velocity state vectors, satellite position and velocity indication could be the baseline. 

	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 10	Support the down selection of satellite ephemeris between 1) format based on satellite position and velocity state vectors and 2) format based on orbital elements.
Proposal 11	For the ephemeris format, if the epoch time is not included in the ephemeris, then NW shall ensure UE knows the UE-gNB RTT to estimate the ephemeris at the current time.
Proposal 12	If the epoch time is linked to the DL subframe, then it is corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which NTN SIB is transmitted.

	MediaTek Inc.
	Proposal 5: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. 

Proposal 6: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 84 bits
· The field size for velocity [m/s] is 60 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

	CMCC
	Proposal 10: Support both ephemeris formats based on satellite position and velocity state vectors (Option 1) and based on orbital elements (Option 2), if possible.

Proposal 11: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Option 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.

	ZTE
	Proposal 8: Ephemeris format based on instant state vectors with implicit time should be at least supported.

	Ericsson
	Proposal 13	RAN1 to study the required accuracy of satellite ephemeris to support timing and frequency offset pre-compensation.

	Apple
	Proposal 11: Support both ephemeris formats, i.e., state vectors and orbital elements.

	Samsung
	Proposal 1: A gNB signals the serving satellite ephemeris to UEs in system information, including the followings:
· index to a pre-defined table of satellite altitude levels and altitude offset scaling factors, i.e., NTN type
· satellite altitude offset
· satellite position
· satellite velocity
· reference time for satellite position and velocity.

Proposal 2: Support Ephemeris format based on satellite position and velocity state vectors.


	InterDigital, Inc.
	Proposal 3:	For ephemeris format, both formats are supported.
Proposal 4:	Option 1 is used for GEO deployment and Option 2 is used for LEO deployment.

	NTT DOCOMO, INC.
	Proposal 6: Two options can be both supported with different indication accuracy and periodicity.
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
FFS: Details on time reference provisioning/format

	LG Electronics
	Proposal 12. Regarding satellite ephemeris format,
· Support one option to reduce both specification work and UE implementation complexity.
· If two options need to be supported, only one option should be mandatory feature.

Proposal 13. Support validity timing window for satellite ephemeris information in Rel-17 NTN.


	Sequans Communications
	Proposal 5: RAN1 to discuss signaling overhead and frequency update of satellite ephemeris broadcast design, considering altogether the serving satellite, constellation, and neigbouring cells’ ephemeris data.
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Based on the views expressed in the Tdocs submitted to RAN1#104-bis-e, the companies have still different preference w.r.t the appropriate satellite ephemeris format to be supported. But the large majority is supportive of the compromise taken as way forward to support both satellite ephemeris broadcast. Only [LG, Asia Pacific Telecom] proposed to support one mandatory option to reduce both specification work and UE implementation complexity.
From Moderator’s perspective, it is beneficial to continue designing both formats. whether down-selection is needed or both options are supported can be discussed at a later stage.
w.r.t accuracy of serving-satellite ephemeris: [Ericsson] observed  that satellite ephemeris with sufficient accuracy to support timing and frequency offset pre-compensation shall be made available to the NR NTN UE. This can come with low frequency updates. And proposed for RAN1 to study the required accuracy of satellite ephemeris to support timing and frequency offset pre-compensation. [Thales] observed that even for a satellite system with “low quality” orbit determination algorithm, challenging operations relying on accurate prediction of satellite trajectories such as Doppler compensation can be performed reliably. 
[Moderator’s view] : The required accuracy for the satellite ephemeris format shall be driven based on the prediction budget error on satellite position and velocity vectors and the foreseen  prediction time horizon. It can be further discussed once the timing and frequency synchronization requirements are defined (waiting for RAN4 response to RAN1 LS on Time/frequency synchronization requirement). 
It is necessary that the ephemeris is broadcast with low latency and high accuracy . And the signalling overhead introduced by satellite ephemeris broadcast shall be carefully quantified: [MediaTek] observed that a UE first coming into coverage of a satellite needs to immediately access if it is paged or if it needs to transmit data. The UE must be able to receive the satellite ephemeris on NTN SIB broadcast with periodicity 0.5s or 1 s. Further [MediaTek] prosed to indicate  PV state vector ephemeris format  in16 bytes payload (with a resolution of 1.3m and 0.06 m/s ) and orbital parameter ephemeris format in18 byte payload.
According to [Thales] to reduce the signalling overhead in case of ephemeris format based on satellite position and velocity state vectors, separate formats for GEO orbits, LEO orbits and HAPS/ATG may be defined. To reduce the signalling overhead in case of ephemeris format based on orbital elements, pre-provisioned ephemeris based on orbital elements can be used as reference. Only delta corrections can be broadcast in order to reduce the overhead. Further [Thales] proposed to indicate PV in Cartesian format in a payload of 19 bytes (with a resolution of 0.5 m and 0.0005 m/s ) and orbital parameters in adapted format in 17 bytes.
w.r.t time reference or Epoch time of the satellite ephemeris. The first approach is to transmit this time explicitly, as proposed by [Samsung] . It is the simplest approach but it increases signalling overhead. It can also be done in an implicit way to limit the signalling overhead as proposed by companies [Asia Pacific Telecom, MediaTek, ZTE].
To continue designing both satellite ephemeris formats, the following 3 Initial Proposals (15-1, 15-2 and 15-3) are made:
Initial Proposal 14-1: 

Support serving-satellite ephemeris broadcast based:
· on satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· FFS: Whether separate format for GEO orbits, LEO/MEO orbits and HAPS/ATG shall be defined

· on orbital parameter ephemeris format:
· Semi-major axis α [m] 
· Eccentricity e 
· Argument of periapsis ω [rad] 
· Longitude of ascending node Ω [rad] 
· Inclination i [rad] 
· Mean anomaly M [rad] at epoch time to
· FFS: Whether pre-provisioned ephemeris based on orbital elements can be used as reference. Thereby, only delta corrections can be broadcast in order to reduce the overhead

· FFS: The field size for each parameter
· FFS: The required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both options are supported

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	
	

	
	



Initial proposal 14-2: 

RAN1 to discuss the required accuracy of serving-satellite ephemeris after RAN4 response to the LS on timing synchronization requirements
Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	
	

	
	




Initial proposal 14-3: 

RAN1 to discuss whether:
· Option 1: Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast
· Option 2: Epoch time is explicitly indicated within the ephemeris data

Companies are encouraged to indicate their preference in the following table (please elaborate):
	Companies
	First preference
	Second preference
	Unacceptable option(s)
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[bookmark: _Toc69116347]Issue#15 Orbit propagator model in UE
Depending on adopted ephemeris format; Option 1 or Option 2, different propagator models can be considered for implementation at UE side. Some have been developed for orbital elements and others for PV state vectors. 
To enhance the propagator model additional elements may be included in the ephemeris data.
Further adequate fitting can be performed based on the reference orbit and the prediction time horizon considered to further enhance UE pre-compensation accuracy. Of course, this is possible only if the propagator model to be used at UE side is known by the network. Thus, an agreement on a specified model to be used can be beneficial.
The following is proposed by [Thales]:
	Companies
	proposals

	THALES
	Proposal 13:  
RAN1 to support one of the following options regarding the NR NTN UE propagator model:
· Option 1: a specified propagation model is to be implemented at UE side
· Option 2: the propagator model to be used at UE side can be left to implementation

Observation 13.	Propagator model at UE side can be left to implementation. But, the adopted ephemeris format can strongly orientate the choice of model. Further, an agreement on an specified model can be beneficial. This is useful to perform suitable fitting at network side to enhance orbit prediction by the NR NTN UEs.



[bookmark: _Toc69116348]Company views
Based on the above observation,  RAN1 to discuss the necessity of the following proposal:
Initial Proposal 15:
RAN1 to support one of the following options regarding the NR NTN UE propagator model:
· Option 1: a specified propagation model is to be implemented at UE side
· Option 2: the propagator model to be used at UE side can be left to implementation

Companies are encouraged to provide their views in the following table:
	Companies
	Comments and Views

	THALES
	We prefer option 1: a specified propagation model is to be implemented at UE side
It was observed based on simulation that the prediction time period before overshooting the delay and Doppler pre-compensation target is linked to the broadcast satellite format and to the propagation model used in the UE. As shown in the table below  prediction 45 s ahead for UE pre-compensation is accurate within 0.29 µs for RTD error and within 45.93 Hz for Doppler error (in FR2) when Kepler model is used. This is sufficient to accommodate UE pre-compensation requirement when using 120 kHz SCS. Prediction 180 s ahead for UE pre-compensation is accurate within 1.74 µs for RTD error and within 17.60 Hz (in S band) for Doppler error when Kepler model is in use. This is sufficient to accommodate UE pre-compensation requirement when using 15 kHz SCS. 
Using other propagation models in the UE will significantly enhance UE pre-compensation accuracy during a larger prediction time period. For example, by using analytical Eckstein-Hechler model, prediction 5 minutes ahead for UE pre-compensation is accurate within 0.29 µs for RTD error and within 6.20 Hz (in FR2) for Doppler error.
Orbit propagation model comparison:
[image: ]

	
	




[bookmark: _Toc69116349]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc69116350]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc69116351]Issue#16 SRS enhancements
According to [Qualcomm ] for UL, existing Sounding Reference Signal (SRS),  is inefficient for frequency estimation. Thereby, there is a need to enhance SRS for time and frequency estimation.
The justification can be found in [R1-2103169]. It is recopied hereafter:
 Time and frequency synchronization in NTN are much more challenging than in terrestrial networks. Hence, there is a need to enhance reference signals for time and frequency estimation in both DL and UL. For DL, multiple-symbol TRS is supported that should be sufficient for frequency estimation in the DL. For UL, existing SRS, however, is inefficient for frequency estimation. 
To support efficient frequency error estimation, SRS with multiple coherent symbols should be supported as illustrated in Figure 2. To support good trade-off between frequency pulling range and accuracy, configurable symbol gaps between the SRS symbols should be considered and supported. In addition, the comb position can be alternated among the SRS symbols to remove the ambiguity of half-symbol time uncertainty in comb 2. 








[Qualcomm] proposed:
	R1-2103169
	Qualcomm Incorporated
	Proposal 5 : Support SRS with multiple coherent symbols with configurable gaps.  



RAN1 to discuss the necessity of the following proposal:
Initial Proposal 16[Qualcomm]:	
Support SRS with multiple coherent symbols with configurable gaps.  

	Companies
	Comments and Views
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[bookmark: _Toc69116353] Appendix I: RAN1 agreements on UL time and frequency synchronization for NR NTN
	RAN1 Meeting #104-e  (e-Meeting, January 25th – February 5th, 2021):
Agreement:
An NTN UE in RRC_CONNECTED state is required to support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
FFS: Operation of closed loop and open loop TA control
Agreement:
For TA update in RRC_CONNECTED state, combination of both open (i.e. UE autonomous TA estimation, and common TA estimation) and closed (i.e., received TA commands) control loops shall be supported for NTN.
FFS: Details of the combination of open and closed loop TA control
Conclusion:
It is up to RAN4 to decide whether interruptions or measurement gaps are required for GNSS measurements during NTN operation
Agreement: 
RAN1 should send an LS to RAN4 with the following questions: 
Question 1: RAN1 would like to ask RAN4, to indicate what are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Question 2: RAN1 would like to ask RAN4, to indicate what are the NTN UL frequency synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
Conclusion:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary.
· FFS: support of DL frequency compensation for the service link Doppler.
[bookmark: _Hlk63432430]Agreement:
· RAN1 to support satellite ephemeris broadcast based at least on one of the following format options:
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format
· FFS: Whether down-selection is needed or both options are supported

RAN1 Meeting #103-e  (e-Meeting, October 26th – November 13th, 2020):
Agreement:
An NTN UE in RRC_IDLE and RRC_INACTIVE states is required to at least support UE specific TA calculation based at least on its GNSS-acquired position and the serving satellite ephemeris.
Agreement:
An NR NTN UE in RRC_IDLE and RRC_INACTIVE states shall be capable of at least using its acquired GNSS position and satellite ephemeris to calculate frequency pre-compensation to counter shift the Doppler experienced on the service link.
Agreement:
· In NTN, the network may broadcast 
· A common timing offset value 
· FFS details of the common timing offset
· FFS: A common timing drift rate
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

Where:
is derived from the User specific TA self-estimation
 is derived at least from the common timing offset value if broadcasted by the network. The granularity of  and whether  is indicated as a Timing Advance or as a Timing Offset value [unit] are FFS. Upon resolving the FFS, one of the X in the equation will be removed.
· depends on band and LTE/NR coexistence and is specified in TS 38.213 section 4.2.
·  is specified in TS 38.211 section 4.1. 
· Note: UE will not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.

Working assumption:
It is assumed that the requirement on UL time pre-compensation for Msg1/MsgA transmission of an NR NTN UE in idle/inactive mode will be defined such that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
  
Agreement:
An NR NTN UE in RRC_CONNECTED states shall be capable of at least using its acquired GNSS position and satellite ephemeris to perform frequency pre-compensation to counter shift the Doppler experienced on the service link.

RAN1 Meeting #102-e  (e-Meeting, August 17th – 28th, 2020):
Agreement:
•	In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
o	its position 
o	a reference time and frequency
•	And, based on one or more of these elements together with additional information (e.g., serving satellite ephemeris or timestamp) signalled by the network, can compute timing and frequency, and apply timing advance and frequency adjustment at least for UE in RRC idle/inactive mode.
•	FFS:  Details on additional information signalled from network
Agreement:
In case of GNSS-assisted TA acquisition in RRC idle/inactive mode, the UE calculates its TA based on the following potential contributions:
•	The User specific TA which is estimated by the UE:
o	Option 1: The User specific TA is estimated by the UE based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network:
	FFS: Details on serving satellite ephemeris indication 
o	Option 2: The User specific TA  is estimated by the UE based on the GNSS acquired reference time at UE together with reference time as indicated by the network
•	The Common TA if indicated by the network:
o	FFS: The need and details of Common TA indication 
•	FFS: The TA margin, if needed and indicated by the network (in order to account for the TA estimation uncertainty)



[bookmark: _Toc69116354]Appendix II: Summary of proposals
	TDoc
	Source
	

	R1-2102342
	Huawei, HiSilicon
	Proposal 1: The delay compensated by the gNB should be a constant value considering the gNB implementation complexity.
Proposal 2: The RP for common timing offset is left to gNB implementation to support all the foreseen deployment scenarios.
Proposal 3: The common timing offset is determined as the RTD from the reference point to the satellite, i.e. by subtracting the delay compensated at the gNB from the feeder link RTD.
Proposal 4: The granularity of common timing TA is set to be the same as the granularity of , i. e. *Tc.
Proposal 5: The TA margin for the maximum estimation error is included in common TA offset. 
Proposal 6: Indicate a common TA drift rate as part of the common TA applied by UE.
Proposal 7: For Msg1/MsgA transmission and TA maintenance, use a common TA drift rate to compensate the TA drift between SIB decoding and UL transmission.
Proposal 8: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.
Proposal 9: Adopt frequency post/pre-compensation with minimum indication overhead for UL frequency alignment.
Proposal 10: To reduce the signaling overhead, only DL pre-compensation indication is needed and sufficient for UL frequency alignment. 
Proposal 11: For GNSS UE, closed-loop UL frequency compensation is not needed.
Proposal 12: At least Satellite ephemeris format based on the following orbital elements is supported
· Semi-major axis a
· Eccentricity e
· Argument of periapsis ω 
· Longitude of ascending node Ω
· Inclination i
· Mean anomaly M0

	R1-2102360
	THALES
	Proposal 1:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
When common TA is indicated by the Network: 

When common TA is not indicated by the Network:

Where:
·    and  are defined as in Release-16.
·     is UE self-estimated TA 
·    is network-controlled common TA, and may include any timing offset considered necessary by the network.

Proposal 2:
Introduce a flag in the SIB to indicate whether the Common TA is present and need to be applied for  calculation

Proposal 3: 
If Common TA shall be considered in UE autonomous TA calculation, the Network shall periodically broadcast:
· in case of GEO based non-terrestrial access network:
· Common TA (in a field of 23 bits 
· in case of LEO/MEO based non-terrestrial access network:
· Common TA (in a field of 19 bits 
·  Common TA drift rate( ) in a field of 13 bits
· FFS: Common TA drift rate variation ( ) in a field of 6 bits
Proposal 4: RAN1 to discuss the indication of TA-margin after RAN4 response to the LS on timing synchronization requirements

Proposal 5: 
Existing  update in RRC_CONNECTED based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction without specification change
· FFS: Whether to support negative TA Command in RAR
Proposal 6:
NTN UE in RRC_CONNECTED shall have an active BWP with common search space configured to monitor system information.

Proposal 7:
A validity timer configured for UE specific TA defines the maximum time during which the UE can track the RTD on service link without having acquired new ephemeris data to be used for UE specific TA estimation.
· This timer is restarted each time the UE receives new ephemeris data
· The UE assumes that it has lost uplink synchronization if this timer expires and new ephemeris data is not available.

Proposal 8: 
A validity timer configured for Common TA defines the maximum time during which the UE can track the Common RTD without having acquired new assistance information to be used for Common TA estimation.
· This timer is restarted each time the UE receives new assistance information.
· The UE assumes that it has lost uplink synchronization if this timer expires and assistance information is not available.
Proposal 9:
 RAN1 working assumption is that GW compensates common Doppler shift / Doppler shift variation over the feeder link  and any transponder frequency error  in a transparent way to the UE and gNB.
Proposal 10:
If DL frequency compensation for the service link Doppler is applied, indication of the amount of frequency compensation is necessary:
· In case of earth-fixed cell, the beam-specific ECEF co-ordinates of a fixed Reference Point w.r.t the common Doppler shift experienced on the DL service link is pre-compensated by the gNB.
· In case of earth-moving beam, the beam-specific common Doppler shift value.
Proposal 11: 
RAN1 to discuss whether:
· Option 1: Epoch time is implicitly known as a reference time linked to DL slot where satellite ephemeris is broadcast
· Option 2: Epoch time is explicitly indicated within the ephemeris data

Proposal 12:
RAN1 to support satellite ephemeris format:
based on satellite position and velocity state vectors:
· position X,Y,Z absolute in ECEF (m)  in a field of 75 bits
· velocity VX,VY,VZ absolute in ECEF (m/s) in a field of 75 bits
based on orbital elements:
· Da relative in J2000 (m) in a field of 19 bits
· ex (absolute in J2000) in a field of 19 bits
· ey (absolute in J2000) in a field of 19 bits
· Di (relative in J2000) (rad) in a field of 19 bits
· RAAN (absolute in J2000) (rad) in a field of 27 bits
· AOL (absolute in J2000) (rad) in a field of 27 bits
Proposal 13:  
RAN1 to support one of the following options regarding the NR NTN UE propagator model:
· Option 1: a specified propagation model is to be implemented at UE side
· Option 2: the propagator model to be used at UE side can be left to implementation

	R1-2102398
	OPPO
	Proposal 1: apply TA as , where
· NTA is adjusted by RAR or TAC from MAC-CE
· NTA,UE-specific is a UE-specific TA estimated based on NTN satellite ephemeris
· NTA,common is a common TA indicated by the network
· NTA,offset is a cell-specific offset
Proposal 2: When the common TA is not provided by the network, UE assumes NTA,common=0.
Proposal 3: NTA,offset should factor in TA margin. 


Proposal 4: TA updating by MAC-CE or RAR can have the following relationship NTA_new = NTA_old + adjustment, where for TA updated by MAC-CE, the adjustment is and TA is the TAC indication in the range of [0, 63]; for TA updated by RAR, the adjustment is and the TA is the RAR TAC indication in the range of [0, 3846].

Proposal 5: the network indicated common TA can be updated by a drift rate, e.g. NTA,common_new= NTA,common_old + drift rate * t
Proposal 6: for uplink frequency synchronization, a UE shall pre-compensate the UE-specific Doppler shift on service link w.r.t a gNB’s uplink nominal frequency. 


	R1-2102459
	Spreadtrum Communications
	Proposal 1: N_(TA,common) should be expressed in the legacy granularity of Tc units.
Proposal 2: The value of common TA defaults to zero when not indicated by the network.
Proposal 3: TA margin is indicated in SIB should be supported.
Proposal 4: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 5: Autonomous frequency adjustment based on UE GNSS implementation is enough for UL frequency synchronization.

	R1-2102555
	PANASONIC R&D Center Germany
	Proposal 1: We propose the Common Timing Offset value formulation expressed by multiples of  () with NTA,common having a granularity in the order of slot or half slot duration. 
Proposal 2: The common TA is always indicated in SIB. Value 0 for NTA,common should be supported. 
Proposal 3: We don’t see a need for the UE to handle a TA margin. As a value transparent to the UE, the TA margin can be included in the Common TA by the network. Setting of the TA margin (and any other margin) is up to the network implementation. 
Proposal 4: We propose to at least allow for a non-zero DL-UL timing difference manged by the gNB
· FFS: The need and feasibility of a common timing drift rate to accurately compensate the feeder link delay including feeder link switch operation.
Proposal 5: In RRC_CONNCTED mode and after expiration of the TA timer, a UE triggers the random-access procedure based on GNSS-acquired TA similar to RRC_IDLE with the same timing advance equation.
Proposal 6: Support of a common frequency offset relative to the UE frequency source and indicated via SIB.  
Proposal 7: We support to adopt both ephemeris format (orbital elements, and PVT format).

	R1-2102573
	CAICT
	Proposal1: In the scenario of transparent satellites, setting whether the satellite or the gNB as the reference point, both options have advantages and disadvantages and shall be supported.
Proposal2: Support to adopt cell-specific or beam-specific K_offset for TA pre-compensation by the UEs without capability of location acquisition.
Proposal3: FFS the condition when to apply the TA through combined closed loop and open loop. 

	R1-2102634
	CATT
	Proposal 1: Ephemeris format based on satellite position and velocity state vectors and Ephemeris format based on orbital elements can be supported both for different scenarios.   
Proposal 2: For ephemeris format based on orbital elements, existing KeplerianSet defined in TR 37.355 can be one starting point, while for the ephemeris format based on satellite position and velocity state vectors, satellite position and velocity indication could be the baseline. 
Proposal 3: When the common TA is not indicated by the gNB, common TA should be set to zero. 
Proposal 4: The granularity of common TA can apply 1024 Tc or 2048Tc of step size.  
Proposal 5: Whether to broadcast the common timing drift rate needs further investigation. 
Proposal 6: TA margin can be one fixed value or not needed at all if UL timing requirement of RRC-IDLE mode and RRC-connected mode for UE is same. 
Proposal 7: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 8: UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation when combining the close-loop TA compensation.
Proposal 9: Common Doppler shift compensation value of DL and UL for service link can be indicated to UE, which can be defined with Khz granularity. 

	R1-2102733
	Asia Pacific Telecom, FGI, ITRI, III
	Proposal 1	 Support the common TA drift rate to improve the required periodicity of the SI-message to signal the common TA from every 80ms to every 1.6 seconds.
Proposal 2	 Support the GW location pre-stored in u-sim to prevent the common TA signalling, if there is no security concern.
Proposal 3	For RP at gNB, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
Proposal 4	Support UE autonomous TA adjustment if and only if NW can still know the absolute TA value.
Proposal 5	Support TA report in RRC_CONNECTED to provide UE-gNB RTT to NW.
Proposal 6	Support UE location report in RRC_CONNECTED to prevent frequent TA reporting, if there is no privacy concern.
Proposal 7	If TA reporting in RRC_CONNECTED is supported, the following values shall be considered between consecutive TA reports: 1) the maximum amount of the magnitude of the timing change in one adjustment and 2) the minimum/maximum aggregate adjustment rate per second.
Proposal 8	For RP at a satellite, disabling the open-loop TA control shall be supported, and as a result, the UL timing can be maintained by the closed-loop TA control with 6-bit TA commands and TA drift rates.
Proposal 9	Confirm the support of DL frequency compensation for the service link Doppler.
Proposal 10	Support the down selection of satellite ephemeris between 1) format based on satellite position and velocity state vectors and 2) format based on orbital elements.
Proposal 11	For the ephemeris format, if the epoch time is not included in the ephemeris, then NW shall ensure UE knows the UE-gNB RTT to estimate the ephemeris at the current time.
Proposal 12	If the epoch time is linked to the DL subframe, then it is corresponding to the SFN boundary at or immediately after the ending boundary of the SI-window in which NTN SIB is transmitted.

	R1-2102752
	MediaTek Inc.
	Proposal 1: Configuration of NTA,common is up to gNB depending on assumption for reference point for DL subframe and UL subframe alignment
· NTA,common = RTD of feeder link if reference point is gNB
· NTA,common =0 if reference point is satellite

Proposal 2: In case reference point for UL-DL subframe timing alignment is gNB, broadcast on NTN SIB
· Common delay NTA,common in a 18 bit field
· Common delay drift rate NTA,common,drift, rate in a 8 bit field
· Common delay drift rate variation NTA,common,drift,rate,variation in a 6 bit field

Proposal 3: TA margin can be included in scope of discussions for timing synchronization requirements in RAN4.

Proposal 4: RAN1 working assumptions for UL synchronization:
· GW pre/post compensates common Doppler shift / Doppler shift variation over the feeder link 
· GW pre/post compensates any transponder frequency error at the satellite

Proposal 5: Epoch time is implicitly known as a reference time linked to DL subframe where NTN SIB is broadcast. 

Proposal 6: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 84 bits
· The field size for velocity [m/s] is 60 bits
· Orbital parameter ephemeris format (18 byte payload)
· Semi-major axis α [m] is 33 bits
· Eccentricity e is 19 bits
· Argument of periapsis ω [rad] is 24 bits 
· Longitude of ascending node Ω [rad] is 21 bits
· Inclination i [rad] is 20 bits
· Mean anomaly M [rad] at epoch time to is 24 bits

	R1-2102865
	China Telecom
	Proposal 1: The TA margin shall be included in the common TA.
Proposal 2:  and  are updated together by a combined TA command based on closed loop updating.
Proposal 3:  is updated by adding the newly estimated offset directly: 
Proposal 4: gNB applies a common frequency pre-compensation on the DL link and a common post-compensation for the same amount on the UL link. 
Proposal 5: As the amount of the pre-compensation for the DL link is indicated to the UE, the post-compensation for the UL does not need another indication.
Proposal 6: UE only take charge of the frequency shift cause by UE’s own behaviour, i.e. UE’s location or speed.

	R1-2102885
	CMCC
	Proposal 1: The common TA is determined as

where:
 is the slot number of the targeted UL slot.
 is a “time stamp” slot number.
 is the common TA (in  units) at slot number .
 is the common TA drift rate (in  units per slot).
and,


where: 
 represents the synthetical impact of time-invariant parameters.
 is a scaling factor.
,  are time-variant parameters, and they need to be updated with time.
Proposal 2: Indication of parameter  (a time-invariant offset of ) should be supported.
· For DL and UL aligned at satellite,  can be used to absorb TA margin.
· For DL and UL not aligned at satellite (including aligned at gNB),  can be used to absorb TA margin and the minimum RTT on the feeder link.

Proposal 3: Indication of parameter  and  at least should be supported.
· For DL and UL not aligned at satellite (including aligned at gNB),  and  should be indicated and updated to capture the rapidly changed RTT on the feeder link.

Proposal 4: TA margin should be absorbed in common TA configuration, and it should be transparent to the UE.
Proposal 5: Confirm the working assumption that the existing TAC 12-bit field in msg2 (or msgB) can be reused without any extension.
Proposal 6: Enhanced TA command based TA determination mechanism for UE in RRC_CONNECTED should be supported, where, the enhanced TA command consists of (, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 7: For i-th uplink transmission occasion at  (),  can be determined as

where,
· m is the last received enhanced TA command before .
·  is the m-th accumulated TA command. 
· Note: When UE received the m-th enhanced TA command  at , then it updates the m-th accumulated TA command  as 


Proposal 8: Support indication of DL frequency compensation for the service link Doppler, i.e.,
· If NR NTN gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of frequency pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.

Proposal 9: If NR NTN gNB applies frequency post-compensation in UL, the gNB should broadcast a parameter giving the amount of frequency post-compensation, to achieve a common understanding between UE and gNB. This parameter should indicate the RX frequency offset at the satellite receiver relative to the nominal UE RX frequency of the service link.

Proposal 10: Support both ephemeris formats based on satellite position and velocity state vectors (Option 1) and based on orbital elements (Option 2), if possible.

Proposal 11: If down-selection is needed, ephemeris format based on satellite position and velocity state vectors (Option 1) should be supported for implicit compatibility to support HAPS and ATG scenarios.

Proposal 12: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.


	R1-2102915
	ZTE
	Proposal 1: The indication of common TA should always be assumed.


Proposal 2: The signaling granularity of common TA can be chosen as.

Proposal 3: Indication of common TA drift rate should be supported to assist TA adjustment.

Proposal 4: Postpone the discussion on TA margin until RAN4 determines time synchronization requirements.

Proposal 5: If TA margin is needed, it should be absorbed in common TA to save signaling.

Proposal 6: In RRC_CONNECTED state, if the expression of applied TA determined as:

,
where
· 

,  is estimated by UE based on GNSS and indicated information.
· 



,  is the common TA drift rate indicated by BS, and  is the interval between the time when  is valid and current time.
· 

,  is indicated in MAC CE TA command.

Proposal 7: The indication of frequency offset is sufficient to address issues for both DL and UL.

Proposal 8: Ephemeris format based on instant state vectors with implicit time should be at least supported.


	R1-2102986
	Xiaomi
	Proposal 1: With consideration on the signalling overhead, the large granularity of  i.e.  is preferred. 
Proposal 2: The UE should assume that   , when common TA is not broadcasted by network.
Proposal 3:    is controlled by RAR and TAC in MAC-CE as in Release-16.
Proposal 4:  Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode assume   =0. 
Proposal 5: The common timing drift rate indicated by network should be supported.
Proposal 6: Pre-compensation value for DL frequency should be indicated by network.
Proposal 7: The residual offset value of UL frequency at the reference point should be indicated by network.

	R1-2103011
	Mitsubishi Electric RCE
	Proposal 1: UEs using self-acquired timing advance for initial access signal the pre-compensation value NTA to the network during the initial access process.
Proposal 2: In NTN, the network broadcasts a beam-specific default value NTA_default of the user-specific NTA value for initial access purposes.
Proposal 3: Support network assistance indicating to the UE whether to skip timing advance acquisition during handover.

	R1-2103033
	Intel Corporation
	Proposal 1: 
•	Support common TA drift rate indication 
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration

Proposal 2: 
•	Support DL frequency pre-compensation for the service link Doppler
o	Indication of the applied frequency pre-compensation value is required

Proposal 3: 
•	It is assumed by RAN1 that compensation of feeder link Doppler shift is done at the gNB side for UL/DL


	R1-2103059
	Ericsson
	Proposal 1	The reference point for time and frequency in an NTN should be under control of the network and should at least support the option of having gNB as the reference point.
Proposal 2	 The TA for NTN should use the legacy granularity of  units or a multiple of  units, i.e., the common TA component  should be placed within the brackets as follows: 
Proposal 3	The TA to be used by NTN UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states should be as follows: where:   and  are defined as in Rel-16.    is UE-autonomous TA calculated based on the GNSS-acquired UE position and the serving satellite ephemeris to pre-compensate for the service link RTT.   is network-controlled common TA to compensate (e.g.) for feeder link RTT.
Proposal 4	The UE calculates the UE-specific TA (in  units) as follows: where  is the DL service link delay of the signal to which the UE local time reference is synchronized and  is the UL service link delay of the signal the UE is about to transmit
Proposal 5	 The network broadcasts parameters describing the common delay by a linear function as follows: where:  is the time the signal passes the satellite  is a reference time of the broadcast common delay  is the common one-way delay at time    is the common one-way delay drift rate
Proposal 6	The UE determines the common TA (in  units) as follows: where  is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and  is the time the UL signal to be transmitted by the UE will be relayed by the satellite.
Proposal 7	The characterization of the common delay should include drift rate information.
Proposal 8	If gNB applies frequency pre-compensation in DL, the gNB should broadcast a parameter giving the amount of pre-compensation. This parameter should indicate the TX frequency offset at the satellite transmitter relative to the nominal DL TX frequency of the service link.
Proposal 9	The gNB may broadcast a parameter giving an additional frequency shift that the UE should apply at transmission. The value of this parameter should be configurable. It may be used for compensating for the Doppler shift observed on the feeder link.
Proposal 10	RAN1 should investigate the possibility of the solution where the gateway pre/post-compensates the feeder link Doppler shift in a way transparent to the gNB and UE.
Proposal 11	Support broadcasting a reference point of the feeder link and UE autonomous determination of the time and frequency offset of both the service link and the link between the satellite and the reference point of the feeder link.
Proposal 12	RAN1 to determine the relevance of the case of NTN coverage but no GNSS coverage.
Proposal 13	RAN1 to study the required accuracy of satellite ephemeris to support timing and frequency offset pre-compensation.


	R1-2103108
	Apple
	Proposal 1: The TA used for Msg1/MsgA transmission is given by 
,
where 
· ,  and  are defined as in Release-16
·  is UE self-estimated TA
·  is network-controlled common TA if indicated by network, or is 0 if not indicated by network.

Proposal 2: The broadcast common timing offset is in the unit of .
Proposal 3: Consider common TA drift rate is broadcasted together with common TA. If common TA is not indicated, then the common TA drift rate is also not indicated. 
Proposal 4: The network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate and  is the time gap between the latest common TA reception and the corresponding uplink transmission, in the unit of .
Proposal 5: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 
Proposal 6: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE pre-compensates an accurate UE specific TA and TA margin in its Msg1/MsgA transmission. 
Proposal 7: In RRC connected mode, UE updates its TA value using 
,
where 
·  is based on the updated TA command MAC CE
·  is based on the updated GNSS positioning signal or satellite ephemeris
·  is based on the updated common TAand common TA drift rate .

Proposal 9: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.
Proposal 10: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.
Proposal 11: Support both ephemeris formats, i.e., state vectors and orbital elements.

	R1-2103169
	Qualcomm Incorporated
	Proposal 1: 
· In NTN, the network may broadcast a common timing offset value with granularity of one slot assuming SSB subcarrier spacing. 
· Before Msg1/MsgA transmission, the NR NTN UE in idle/inactive mode calculates its TA as follows:

           where X is derived from the common timing offset.
Proposal 2 : Send an LS to RAN4 to inform RAN1’s decision on timing control and to enquire details of combination of open and closed-loop TA. 

Proposal 3 : Support closed-loop frequency control commands by MAC-CE.

Proposal 4 : Consider group-common DCI for UL time and frequency control.

Proposal 5 : Support SRS with multiple coherent symbols with configurable gaps.  

	R1-2103242
	Samsung
	Proposal 1: A gNB signals the serving satellite ephemeris to UEs in system information, including the followings:
· index to a pre-defined table of satellite altitude levels and altitude offset scaling factors, i.e., NTN type
· satellite altitude offset
· satellite position
· satellite velocity
· reference time for satellite position and velocity.

Proposal 2: Support Ephemeris format based on satellite position and velocity state vectors.

Proposal 3: The TA update with  is used.

Proposal 4: UE’s estimated TA value is reported to gNB.

Proposal 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.

Proposal 6: Multiple reference points and common TA values should be considered for extremely large cells.

Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.

Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.

Proposal 9: The gNB indicates the additional UL frequency offset value.


	R1-2103277
	InterDigital, Inc.
	Proposal 1: X is expressed as the legacy granularity of Tc unit.
Proposal 2: a PRACH resource set is configured per distance group from the UE to satellite and a UE determine a PRACH resource set for Msg1 transmission based on the distance group the UE belongs to.
Proposal 3:	For ephemeris format, both formats are supported.
Proposal 4:	Option 1 is used for GEO deployment and Option 2 is used for LEO deployment.

	R1-2103305
	Sony
	Proposal 1: In setting combination rules, RAN1 should consider the relative age of open versus closed loop TAs.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.
Proposal 3: RAN1 should support the signalling of timing drift rate information to the UEs in a beam specific manner.
Proposal 4: UE should update the common TA with common timing drift rate when UE transmits uplink data.

	R1-2103533
	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of same as granularity of TA command.
Proposal 2: TA margin indication is not supported.
Proposal 3: Support indication of common timing offset drift rate.

	R1-2103544
	BUPT
	Proposal 1: It is necessary to compensate for doppler code deviation in low orbit satellite system.
Proposal 2: Configuration of small bandwidth and large subcarrier spacing should be considered to weaken the effect of doppler code deviation.
Proposal 3: Make further study on whether timing and frequency synchronization schemes in terrestrial network can eliminate doppler code deviation.

	R1-2103579
	NTT DOCOMO, INC.
	Proposal 1: Common timing drift rate can be indicated to users to cover all the foreseen implementations and scenarios.
Proposal 2: Common TA margin and user-specific TA margin should be considered separately.
Proposal 3: Common TA margin can be included in the common TA. The indication of common TA margin is not necessary. 
Proposal 4: UE capability on user-specific TA self-estimation/pre-compensation can be defined to indicate the self-estimation accuracy.
Proposal 5: One or multiple common TAs can be broadcasted for UEs with different UE capabilities on TA self-estimation/pre-compensation accuracy.
Proposal 6: Two options can be both supported with different indication accuracy and periodicity.
· Option 1: Ephemeris format based on satellite position and velocity state vectors
· FFS: Details on state vectors formats 
· FFS: Details on time reference provisioning/format
· Option 2: Ephemeris format based on orbital elements
· FFS: Details on orbital elements formats 
· FFS: Details on time reference provisioning/format

	R1-2103620
	LG Electronics
	Proposal 1. The option of UE-specific TA calculation based on the time difference between the reference time provided by network and the reference time acquired by the GNSS is not supported in Rel-17 NTN.

Proposal 2. Prioritize NTN designs that the reference point is located at the gNB. (i.e., DL timing and UL timing are aligned at the gNB)

Proposal 3. Support the latest updated proposal 1-1 in R1-2102215 [3] 

Proposal 4. Support additional signaling by the network in order to apply proper common timing offset according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common timing offset
· Alt 2) providing series of common timing offset.

Proposal 5. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)

Proposal 6. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).

Proposal 7. It is desirable to support the TA indication from gNB, because the accuracy of the GNSS can be degraded in specific scenario such as indoor, underground, etc.

Proposal 8. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.

Proposal 9. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR.
· Support multiple reference points.

Proposal 10. 
· At least for the case when the UE is in RRC_IDLE and/or RRC_INACTIVE states, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC_CONNECTED states, it can be considered that the information is provided by dynamic signaling.

Proposal 11. RAN1 should discuss how to update and/or report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.

Proposal 12. Regarding satellite ephemeris format,
· Support one option to reduce both specification work and UE implementation complexity.
· If two options need to be supported, only one option should be mandatory feature.

Proposal 13. Support validity timing window for satellite ephemeris information in Rel-17 NTN.


	R1-2103655
	Fraunhofer IIS, Fraunhofer HHI
	Proposal 1: RAN1 to strive for a unified design of common RTT/delay signaling in order to avoid duplicate signaling of common RTT/delay. 
Proposal 2: The characteristic of the common RTT/delay (or feeder link RTT/delay) shall be taken into account for the design of its corresponding signaling.
Proposal 3: RAN 1 should agree on studying common delay signaling design with reduced signaling overhead. 
Proposal 4: RAN1 to consider the signaling of the parameter set , drift scale rate, , a constant, and , an exponent (can take integer values), for signaling of the common RTT/delay in NTN.    
Proposal 5: RAN1 to consider UE autonomous drift rate calculation for common RTT/delay signaling. 

	R1-2103670
	Nokia, Nokia Shanghai Bell
	Proposal 1: Any UE should only attempt to access the 5G system over NTN for situations where it is absolutely sure that proper time and frequency compensation is applied.
Proposal 2: Having the time reference point at the satellite should be de-prioritized as it adds complexity and overhead to the gBN and creates unnecessary specification effort.
Proposal 3: The gNB is the default time reference point of the system.
Proposal 4: The cyclic prefix of the random access preamble must be able to cover the aggregate contribution of all sources of time inaccuracy and multipath propagation delays.
Proposal 5: The GNSS-assisted pre-compensation solution used by the UE shall meet the demands of the preamble format chosen by the operator. The UE shall ensure that requirements in TA adjustment and frequency pre-compensation for all preamble formats are met at any time.
Proposal 6: Self-estimated UE-specific TA in RRC idle or inactive mode based on GNSS-provided time reference in conjunction with the time provided by referenceTimeInfo-R16 is independent on satellite ephemeris and should be standardized as well.
Proposal 7: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the common TA value and CP of random access preamble.
Proposal 8: It should be left up to the gNB to decide whether to broadcast the TA drift value or not.
Proposal 9: Network must be in control of the timing advance updates applied at the UE in RRC connected mode.
Proposal 10: Closed-loop TA control in RRC connected mode is preferable to ensure stability of the TA control loop.
Proposal 11: Open loop TA control in RRC connected mode should be applied only in a way that does not impact the closed loop TA control messages.
Proposal 12: For RRC connected mode, self-estimated UE-specific TA estimation based on GNSS-provided time reference and the time provided by referenceTimeInfo-R16 is a beneficial solution and should be standardized as well.
Proposal 13: The location and determination of the frequency reference point must be agreed before developing further solutions for open technical aspects in NTN standardization.
Proposal 14: If the frequency reference point is at the satellite, the satellite is responsible for pre-compensating the feeder link Doppler shifts applicable for both uplink and downlink.
Proposal 15: The satellite has the responsibility of compensating the feeder link Doppler shift in DL and if needed in UL. The feeder link should be seen as an ideal link without any Doppler shift by the gNB.
Proposal 16: The reference point for frequency should be under control of the network. In case the frequency reference point is not at the gNB, the satellite is responsible for compensating the feeder link Doppler shift in the uplink and downlink. 
Proposal 17: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 18: The amount of common frequency pre-compensation in DL in a cell may be indicated to the UE and thereby be used for determining the amount of UL frequency pre-compensation.
Proposal 19: UE frequency adjustment based on GNSS-acquired frequency reference, DL signals and the time provided by referenceTimeInfo-R16 has benefits and should be standardized as well.
Proposal 20: Closed-loop control in RRC connected mode can be applied for UE frequency alignment in UL. The UE must follow commands provided by the gNB and ensure stability with any open-loop frequency alignment.


	R1-2103687
	Sequans Communications
	Proposal 1: For common TA broadcast design, RAN1 shall consider drift rate accuracy and signalling overhead aspects.
Proposal 2: If TA margin is introduced in NR NTN, its indication should be absorbed within common TA signalling.
Proposal 3: GNSS-specific measurement gaps should be defined to accommodate various UE design options for NR NTN.
Proposal 4: RAN1 to consider indication to UE regarding frequency pre-compensation performed at neighbouring cells.
Proposal 5: RAN1 to discuss signaling overhead and frequency update of satellite ephemeris broadcast design, considering altogether the serving satellite, constellation, and neigbouring cells’ ephemeris data.

	R1-2103731
	CEWiT, IITM, IITH
	Proposal 1: The final equation for the full TA at UE should be, 

Where:
   and  are defined as in Release-16.
    is UE self-estimated TA
   is network-controlled common TA and may include any timing offset considered necessary by the network.

Proposal 2: gNB broadcast the common TA value in the NTN specific SIB message along with other NTN specific broadcast messages.

Proposal 3: In NTN, the network may broadcast a common timing drift rate and update duration to update the common TA by UE in periodic interval. It can be broadcasted in the NTN specific SIB.

Proposal 4: TA margin should be configured to the UE directly or indirectly to control the uncertainty in the full TA estimation at the UE. Full TA equation including TA margin will be .

Proposal 5: TA margin can be configured indirectly as faction or multiple of the CP of the configured PRACH. . FFS Y value.

Proposal 6: Agree the working assumption on TAC 12-bit field reuse.

Proposal 7: gNB should provide the set of instructions to refine the TA estimated by the UE for better control of the gNB over UE specific TA estimation.

Proposal 8: UE should report the applied TA to the gNB for better control over UE’s behaviour.

Proposal 9:  In UE specific TA estimation, TA value estimated by UE is quantized using predefined step size to get the final TA. The step size can be the TA margin configured to the UE. 

Proposal 10: UE will report the applied TA to the gNB in terms of number of steps used in the quantization of TA.

Proposal 11: gNB can provide the  value to the UE per beam/cell where is the minimum timing advance UE can experience in the beam/cell. 

Proposal 12: UE will correct the TA in connected mode using velocity information of satellite apart from the MAC-CE TA based update.

Proposal 13: In connected mode, combination of open and close loop TA update should be adopted. New TA value update equation will be,  . 

Proposal 14: The  will be determined by UE using estimated drift value and additional drift provided by gNB.
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