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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 #106-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. 
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[bookmark: _Toc84786629]Issue#1: Indication of Common TA drift parameters 
The Timing Advance to be applied by an NR NTN UE in the different RRC sates was discussed in RAN1 Meeting #104-bis-e and the following formula was agreed: 

 is network-controlled common TA, and may include any timing offset considered necessary by the network.  with value of 0 is supported. 

The indication of common TA has been agreed in RAN1#104b-e, while the common TA related parameters are still under discussion. 
In case of LEO/MEO based non-terrestrial access network, if feeder link timing drift is to be compensated by the UE, such compensation shall be performed with a very good accuracy to ensure aligned DL and UL symbol level processing (FFT and IFFT window) at RU/gNB. Thus finer granularity of Common TA will be required and indicating parameters indicating timing drift to assist the UE deriving the actual Common TA will be needed.
The following working assumption was made in RAN1#106-e:
	
Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.




In current RAN1’s meeting, we will hopefully to define the appropriate Common TA parameters that need to be indicated by the Network to allow accurate prediction/calculation of the common TA.
Companies proposals regarding Common TA parameters indicating timing drift are collected in the following table:

	Companies
	Proposals

	THALES
	Observation 1 For better accuracy of self-estimated Common TA a second-order approximation is needed, thereby, both Common TA drift rate and Common TA drift variation rate may need to be jointly broadcast by the Network.
Observation 2. Maximum one way Common Delay estimation error shall take into account the error on satellite position and the error of  quantization of common TA parameters broadcast in SIB.

Observation 3. The UE can estimate the Common one delay on the feeder link with a maximum error less than 0,084   (= 2.6 ) assuming the UE acquires the Common TA related parameters once every 10 microseconds.

Observation 4. The residual timing inaccuracy due to common TA approximation can be managed by gradual timing adjustment using closed loop TA commands if necessary

Proposal 1: 
The Network may periodically broadcast:
· Common TA 
· Common TA drift rate 
· Second-order derivative of Common Delay drift



	Huawei, HiSilicon
	Observation 4: Compared to indicating 1st order, or both 1st and 2rd order delay drift, the fitting function based scheme have a much longer validity duration.

Proposal 5: Common TA is derived based on fitting function  where the fitting parameters a, b, c are indicated to the UE in SIB.

	vivo
	Proposal 3: Defer common TA calculation discussion after common TA drift parameters are determined.

	OPPO
	Observation 1: For feeder link delay tracking, when common TA and common TA drift rate are provided to the UE, the UE can track the FL delay up to 3 s assuming tracking error under 1 us. When a second order derivative is additionally provided to the UE, the tracking duration can be increased up to 35 s under the same tracking error assumption. 


	Nokia, Nokia Shanghai Bell
	Observation 4: Information on Common TA drift rate and estimates of Common TA drift rate variation are beneficial for tracking the Common TA over time.
Observation 5: Using estimates of higher order derivatives will improve common TA prediction.
Observation 6: UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
Proposal 3: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 5: It should be left up to the gNB to decide whether and how often to broadcast the Common TA drift rate.
Proposal 7: Common TA drift rate variation indication is not supported.


	MediaTek Inc.
	Observation 1: In case the reference point is at the gNB, broadcast common TA with a SIB periodicity as high as 1 second is not sufficient to maintain accurate UL-UL subframe alignment, which exceeds the cyclic prefix for PUSCH and PUCCH transmission 
Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2

	CMCC
	Proposal 1: Confirm the following working assumption on feeder link timing drift handling.
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
Proposal 2: In addition to common TA, at least periodically broadcast common TA drift rate. FFS indication of common TA drift rate variation.


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


	NEC
	Proposal 2. Discuss the calculation of NTA, Common after the decision of common TA parameters indicated by the network.
Proposal 3	In addition to common TA, the network shall periodically broadcast the Common TA drift rate. Standardation of other parameters is subject to RAN4 requirement.

	Xiaomi
	Proposal 1: Confirm the working assumption that common TA may include parameters(s) indicating timing drift and the UE will apply common TA according to the parameters provided by the network (if any).
Proposal 2: Support that common TA drift rate is indicated by network.


	Samsung
	Observation 1: The common TA, , can be divided into the minimum common TA, , and a residual common TA, . The minimum common TA, , can be derived by UE from satellite ephemeris (or simply altitude) information without additional signalling.
Proposal 6: 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 8: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 9: 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.


	Intel Corporation
	Proposal 1: 
· Support indication of the Common TA second order derivative
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
· Support indication of Common TA at least with granularity of Rel. 15 TA indication


	NTT DOCOMO, INC.
	Observation 1: Taking the timing error requirements of CP length/4 as example, the requirements of common TA for both SCS 15kHz and 120kHz can be satisfied in the following two cases:
· Case 1: Set 1 (i.e., Common TA and common TA drift rate) are broadcasted and UE acquires the new broadcasting parameters every 0.5sec.
· Case 2: Set 2 (i.e., Common TA, common TA drift rate and common TA drift variation rate) are broadcasted and UE acquires the new broadcasting parameters every 4sec.

Proposal 1: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Proposal 2: Following common TA parameters can be indicated by the network:
· Common TA
· Common TA drift rate
· FFS: Higher order derivatives of common TA


	Baicells
	Observation 1: If feeder link timing drift handled by gNB,  the implementation of gNB would be very complicated. UE should at least handle the service link timing drift and is more suitable to handle feeder link timing drift together with service link timing drift.

Proposal 1: UE compensates the feeder link timing drift.


	Sony
	Observation 2: Changes in satellite location due to orbital movement affect the propagation delay of the feeder link and can be configured to the UE as a drift rate.
Observation 3: Applying beam-specific timing drift rate can improve the throughput approximately 15% compared to the case of no timing drift rate.

Proposal 3: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.

Proposal 4: UE should update the common TA with timing drift for common TA when UE transmits uplink data.


	ZTE
	Observation 1: Timing drift rate is recommended to be included in common TA parameters to reduce gNB complexity on handling feeder link RTT variation.
Observation 2: The common TA error, i.e., offset between common TA according to the parameters provided by the network and the actual feeder link RTT, should be small enough to ensure low gNB complexity and good performance.

Proposal 1: Indication of the first and second order common TA drift rates should be supported along with common TA.

Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing

	PANASONIC R&D Center Germany
	Proposal 1: We propose to allow for a non-zero DL-UL timing difference managed by the network.
Proposal 2: Residual feeder link timing drift is compensated by the network.
Proposal 3: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common

	Ericsson
	Observation 9	Without closed-loop TA control, it is necessary to characterize the common TA with 2nd and 3rd order terms in addition to the drift rate and base value.
Observation 11	
Including a 3rd order term characterize the common TA reduces the dependence on closed-loop TAC and extends the validity time of the common TA.

Proposal 7	The network broadcasts parameters describing the (one-way) common delay by a polynomial function as follows: where:
 is the time the signal passes the satellite
 is the implicit epoch time 
 is the common one-way delay at time   
 is the common one-way delay drift rate 
 is the common one-way delay drift rate variation 
 is the common one-way delay 3rd order term

Proposal 11	Confirm the working assumption that Common TA may include parameter(s) indicating timing drift.

Proposal 12	Characterize the common TA with the following parameters:  
- Common delay  
- Drift rate  
- Drift rate variation  
- 3rd order term


	Apple
	Proposal 1: Confirm the working assumption: Common TA may include parameter(s) indicating timing drift. 
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Proposal 5: When the common TA drift rate is provided by network, the network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate (if indicated) and  is the time gap between the latest common TA transmission and the corresponding uplink transmission.


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


	Fraunhofer IIS - Fraunhofer HHI
	Observation 1: Signaling the 2nd and 3rd order drift rate parameters improve the common TA estimation at the UE side substantially.
Proposal 1: RAN1 to confirm the working assumption agreed in RAN1#106 regarding providing the UE with parameter(s) in common TA indicating timing drift.




[bookmark: _Toc84786630]Company views 
On the Common TA parameters indicating timing drift, different views were expressed within the contributions submitted to RAN1#106-bis-e.
The summary of the expressed views is the following: 
	Common TA may include the following parameter(s) indicating timing drift:

	First-order derivative of Common delay
(Delay TA drift rate)
	Second-order derivative of Common delay 
	Third-order derivative of Common delay 

	Thales, Huawei, HiSilicon, MediaTek, CMCC (at least), Lenovo, Motorola Mobility, 
NEC: other parameters is subject to RAN4 requirement)
Xiaomi, Samsung, Intel, NTT DOCOMO, 
Sony: ~10 s validity, timing error ~1% CP
ZTE, Ericsson, Apple, Fraunhofer IIS - Fraunhofer HHI
LG Electronics: with series of common TA and common TA drift rate.
	Thales: ~10 s validity @ 2.6 ×
 Huawei, HiSilicon: Fitting function a.t^2+b.t+c, ~12.91 s validity @Te= 3*64.Tc.
MediaTek, Lenovo, Motorola Mobility, Intel, ZTE, Ericsson, Fraunhofer IIS - Fraunhofer HHI
	MediaTek:  ~25 s validity
ZTE: to further optimize the overhead of signalling
Ericsson: 
Fraunhofer IIS - Fraunhofer HHI

	Nokia, Nokia Shanghai Bell: -
· 1st order with multiple SIB readings: (~20 s validity, SIB interval = 3 s, TA drift rate granularity ~10-3 µs/s or 10 bits
· up to gNB
	
	



[Nokia] observed that information on Common TA drift rate and Common TA drift rate variation is beneficial for tracking the Common TA over time and. Also, according to [Nokia] UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
[Huawei] observed that compared to indicating 1st order, or both 1st and 2rd order delay drift, the fitting function based scheme have a much longer validity duration.
Additionally, [LG Electronics] proposed to provide series of common TA and common TA drift rate.
To further optimize the overhead of signalling [ZTE] proposed to indicate third order common TA drift rate or multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing.
From Moderator’s perspective, for better accuracy of self-estimated Common TA at least a second-order approximation is needed, thereby, both Common delay drift rate and Common delay drift variation rate may need to be jointly broadcast by the Network. 
[Nokia] proposed to indicate only the Common TA value in SIB and this is (according to Nokia) sufficient for common TA tracking and It should be left up to the gNB to decide whether and how often to broadcast the Common TA drift rate. W.r.t Nokia’s proposal, the Moderator’s view is that the proposed solution will require multiple-SIBs reading, 3 seconds are needed to read the SIBs (assuming 1 second SIB periodicity), if the UE is not configured with Common search space within the active BWP, it will need to switch to Initial/default BWP to read the multiple-SIBs, this may impose a significant gap/ data interruption. Also, it is worth noting that the algorithm / fitting method to process the Common TA parameters has significant impact on the precision of Common TA approximation, it is preferable that Common TA parameters are generated by the Network and signaled to the UE. Furthermore, indicating the 2nd order derivative of Common delay will require a bit allocation of only 1 to 2 Bytes maximum.
Also, some companies proposed to indicate series of common TA or multiple set of {common TA, first order drift rate, second order drift rate}but it is not clear how this would reduce the signalling overhead knowing that in this case the time associated to each set should be also indicated.

Base on the above discussion the initial proposals 1-1 and 1-2 are made as follows:
Initial Proposal 1-1:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Companies are encouraged to provide inputs within the following table:
	Companies
	Comments and Views

	ZTE
	We agree to confirm the WA and regarding the parameters for common TA calculation, we can start with common delay and 1st order drift rate.

	Nokia, Nokia Shanghai Bell
	We agree to confirm the working assumption as in Initial Proposal 1-1.

	LG
	Support.

	Intel
	Support

	MediaTek
	Support

	Panasonic
	Support.

	vivo
	Support

	QC
	Support

	Ericsson
	Support.

	Sony
	We support the proposal.

	CATT
	We agree to confirm the common TA parameters with 1st order drift rate and 2nd order drift rate variation provided by the network.

	Xiaomi
	Support



Initial Proposal 1-2:
The Network may periodically indicate the following parameters indicating Common delay drift. One of following options should be supported:

· Option 1: Common delay and Common delay drift rate.
· Option 2: Common delay, Common delay drift rate and Common delay drift rate variation.
· Option 3: Common delay, Common delay drift rate, Common delay drift rate variation and Common delay third order derivative.
· Option 4 [Nokia]: Common delay which is periodically indicated by the Network and it is left up to the gNB to decide whether and how often to indicate the Common TA drift rate.
· Note: With option 4, UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
· Option 5 [LG]: Series of common delay and common delay drift rate


Companies are encouraged to comments on all the above options:
	Companies
	Comments and Views

	ZTE
	Regarding this proposal, it’s confused to introduce the new terminology as ‘Common delay’ instead of legacy wording in previous agreement: ‘common TA’. To avoid the confusion and potential implication on other following-up discussion, the corresponding description should be revised as below:
Updated Initial Proposal 1-2:
The Network may periodically indicate the following parameters indicating Common TA delay drift. One of following options should be supported:

· Option 1: Common TA delay and Common TA delay drift rate.
· Option 2: Common TA delay, Common TA delay drift rate and Common TA delay drift rate variation.
· Option 3: Common TA delay, Common TA delay drift rate, Common TA delay drift rate variation and Common TA delay third order derivative.
· Option 4 [Nokia]: Common TA delay which is periodically indicated by the Network and it is left up to the gNB to decide whether and how often to indicate the Common TA drift rate.
· Note: With option 4, UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
· Option 5 [LG]: Series of common TA delay and common TA delay drift rate

Then, among all Options above, based on the analysis in our contribution, higher order drift is beneficial to improve the accuracy and at least Option 2 should be supported. 

	OPPO
	From our simulation results, we don’t think option 1 can work properly. UE needs to frequently obtain a set of new common TA parameters. Thus, to us, at least option 2 is needed. Thus, we think option 2 or option 3 are more workable solutions. 

	Samsung
	Option 1. We think Option 1 can be used.

	NTT DOCOMO, INC.
	As shown in our contribution R1-2109676, the required parameters are related to the time scale of validity duration. Therefore, we could firstly discuss the acceptable range of validity duration for common TA, e.g., <1second, or several seconds, or tens of seconds, etc. Once the consensus on the acceptable range of validity duration is achieved, the required parameters as well as the granularity in Issue#2 would be clearer.
For example, if the time scale of validity duration for common TA can be smaller than 1 second, option 1 would be enough. However, if the time scale is in several seconds, option 2 should be considered.

	Nokia, Nokia Shanghai Bell
	We support Option 4. As shown by our analysis and results, the UE can easily estimate the Common delay drift rate and drift rate variation from multiple SIB readings providing the Common delay, and use this information to keep track of the common delay for longer time intervals. Therefore, it is not necessary to always provide the drift rate and should be left up to the network to decide whether and how often to do so. If this option 4 is not acceptable by the group, we would be supportive of Option 1. There is no need for providing higher order derivatives on the feeder link timing behavior when there are possible solutions for this (either providing NTN-GW position or letting the UE read SIB to extract and/or extrapolate into the future).

	LG
	Support. And, updated proposal 1-2 from ZTE is also fine.

	NEC
	We support Option 1. But also fine with Option 2.

	Intel
	In our view Option 2 should provide reasonable overhead and update rate

	Spreadtrum
	Support. We prefer Option 1.

	MediaTek
	We have preference on Option 3 which would require UE to only read SIB once to do prediction with an accuracy consistent with RAN4 discussions on timing requirements. 
Option 2 could work but would likely require to read at least two SIBs to estimate the third order to meet the RAN4 timing requirements. 
Option 4 based on companies simulations would require UE to read SIBs several times. Assuming SIB is broadcast every second, it could take several seconds for UE to acuire the SIB before it can predict and apply the pre-compensation. This seems to add to latency to access satellite cell and UE power consumption. 
Option 5 is likely to increase SIB overhead assuming that anyway the SIB carrying common TA parameters need to be broadcast every second for initial  access where a paged UE should ideally access cell immediately.

	Panasonic
	We support Option 4. 

	vivo
	We support Option 1. Indication of high order common TA drift rate can be used to further optimize the overhead of signaling in future release.

	QC
	We should at least support the following: no common TA, common TA, common TA+drift, common TA+drift+drift variation. And discuss if thirdorder derivative is needed.

	Ericsson
	Option 3 is preferred. Simulations from several companies show that higher order terms are needed. 2nd order term (drift rate variation) is a minimum to get reasonable validity duration but in the most challenging scenarios, also 3rd order will be useful in avoiding frequent re-acquisition of common delay parameters. Adding a 3rd order term is straightforward both from implementation and specification point of view. Therefore, a 3rd order term should be supported. Each common delay parameter should be optional to signal in SIB to minimize overhead when they are not needed (or wanted) by the network.

	Sony
	Support option 1

	CATT
	We agree the Option 2, that is, Common TA parameters with 1st order drift rate and 2nd order drift rate variation. Moreover, I think Common TA parameters should be acquired periodically from SIB readings with reference time.

	Baicells
	Support Option 2. 

	Xiaomi
	Support, we share similar view with DOCOMO that the common TA related parameters depends on the validity timer, we can firstly decide the validity timer of common TA.
One parallel discussion is whether the validity timer for common TA related parameters are same with the validity timer for satellite ephemeris. 




[bookmark: _Toc84786631][bookmark: _Toc56168766]Updated proposal based on company views (First round of email discussions)
Updated Proposal 1-1:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements

Updated Proposal 1-2:
The Network may periodically indicate the following parameters indicating Common delay drift. One of following options should be supported:

· Option 1: Common TA and Common TA drift rate.
· Option 2: Common TA, Common TA drift rate and Common TA drift rate variation.
· Option 3: Common TA, Common TA drift rate, Common TA drift rate variation and Common TA third order derivative.

[bookmark: _Toc84786632][bookmark: _Toc56168767]Updated proposal based on company views (2nd round of email discussions)

[bookmark: _Toc84786633]Issue#2: Granularity and signalling of Common TA parameters
Having the timing drift on the feeder link compensated by the UE will require from the Network to indicate  Common TA parameters with finer granularity to limit the quantization error.
Preliminary discussions on the granularity of Common TA were already initiated in RAN1#105 and RAN1#106  e-meetings. 
At RAN1#106-e, the following FL recommendation was made:
-	For RAN1#106-bis-e: Companies are encouraged to provide more inputs on the suitable granularity of Common TA parameters that need to be indicated by the gNB to allow accurate prediction of the common TA.
These are the proposals on Common TA granularity and Common TA bit allocations submitted to RAN1#106-bis-e:
	Companies
	Proposals

	THALES
	Proposal 2: 
The granularity of Common TA is equal to 64/2^μ*Tc
μ is the highest allowed numerology for the given Frequency Range
Proposal 3: 
The Network may periodically broadcast:
	in case of GEO based non-terrestrial access network:
	Common TA in a field of 26 bits 
	in case of LEO/MEO based non-terrestrial access network:
	Common TA in a field of 23 bits 
	Common TA drift rate in a field of 13 bits
	Common TA drift rate variation in a field of 6 bits


	Huawei, HiSilicon
	Proposal 2:  can have both positive and negative values corresponding to a reference point at feeder link and service link.
Proposal 3: The granularity of common TA is .
Proposal 4: The required number of bits for broadcasting common TA for LEO (600 km), LEO (1200 km), and GEO are respectively 22, 23 and 26 and the MSB indicate sign of common TA.


	Spreadtrum Communications
	Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.


	Nokia, Nokia Shanghai Bell
	Proposal 4: The granularity of common TA should be .
Proposal 6: If the TA drift rate is provided by the gNB, the quantization step size should be in the order of .
Proposal 15: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.


	MediaTek 
	Observation 2: If   (16∙64)⁄2^μ ∙T_c is used for GEO, this gives a common delay error of 0.52 us, which exceeds the legacy UE timing error (Te) in TS 38.133.
Observation 3: The maximum range of common TA is 

Proposal 2: The granularity of Common TA is set to be 64⁄2^μ ∙T_c for LEO/MEO/GEO based non-terrestrial access network.


	CATT
	Proposal 1: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 2: Common TA should be greater than or equal to 0 if indicated.


	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .


	Samsung
	Observation 1: The common TA, , can be divided into the minimum common TA, , and a residual common TA, . The minimum common TA, , can be derived by UE from satellite ephemeris (or simply altitude) information without additional signalling.


	NTT DOCOMO, INC.
	Proposal 3: For small valid_duration less than 1 second, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz
Proposal 4: For valid_duration larger than 1 second, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz
Proposal 5: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.

Proposal 12: Reference time of common TA parameters should be known by UE.


	Sony
	Proposal 5: If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be 64/2μ ∙Tc.


	ZTE
	Observation 3: The required bit size for broadcasting of TA parameters for LEO is:
· one common TA in a field of 21 bits; 
· one first order drift rate in a field of 12 bits;
· one second order drift rate in a field of 9 bits if supported;
Observation 4: The required bit size for broadcasting of TA parameters for GEO is 24 bits.

Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of second order drift rate can be chosen as 1.13*10-3 us/s2.


	PANASONIC R&D Center Germany
	Proposal 4: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration. The slot length is expressed in the same way as Koffset. Whether using a single value covering all scenarios or a value range separating among GEO, MEO or LEO, the same approach as for Koffset should be used

	Ericsson
	Observation 7	The common delay, , can be signaled with granularity (64/23)Tc using 26 bits.
Observation 8	The common delay drift rate , the common delay drift variation rate  and the 3rd order term,  can be signaled with 16, 15 and 15 bits, respectively.
Proposal 9	The granularity of the NTA,common applied by the UE should be 64/2µ to limit its impact to the total timing error budget to less than 1% of the CP length.


	Apple
	Proposal 2: The broadcasted common TA is in the unit of , where the value  is the subcarrier spacing used for cell specific . 
Proposal 3: The value range of broadcasted common TA depends on satellite scenario. 
Proposal 4: The broadcasted common TA drift rate follows the same granularity as that for broadcasted common TA per second. The value range of broadcasted common TA drift rate depends on satellite scenario.




[bookmark: _Toc84786634]Company views 
On Common TA granularity, different view were expressed within the contributions. The following granularities were proposed by companies:

	The granularity of  
	THALES, Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, MediaTek, Sony, Ericsson

	The granularity of  
	ZTE

	The same as the granularity of N_TA, i.e., :
	Spreadtrum Communications, Lenovo, Motorola Mobility, NTT DOCOMO, INC, Apple

	slot or half slot duration
	PANASONIC




In Moderator’s view finer granularity would be beneficial to reduce the quantization error. Looking at the number, Common TA granularity of  would meet the RAN4 Transmit timing requirements as it will limit the quantization error impact on the total timing error budget to less than 1% of the CP length: The error is in the order of 1 Ts = 64.Tc (Ericsson, MediaTek with ~20s validity).
As observed by some companies a Common TA granularity of  will give an additional common TA error of  more than 10% of the CP.
Based on the above, the initial proposal is made as follows:


Initial Proposal 2:

The granularity of Common TA is set to be 

· μ is the highest allowed numerology for the given Frequency Range


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

	ZTE
	We are fine to take this proposal.

	OPPO
	Support

	Samsung
	 Okay

	NTT DOCOMO, INC.
	We agree that finer granularity would be beneficial to reduce the quantization error. However, considering the trade-off between overhead and performance, the granularity should be designed to satisfy the timing error requirement, instead of the finer the better.

	Nokia, Nokia Shanghai Bell
	We agree with Proposal 2.

	LG
	We are OK with proposal 2. 

	NEC
	Agree. 

	Intel
	Support

	Spreadtrum
	Support.

	MediaTek
	Support

	Panasonic
	Support

	vivo
	Support the proposal.

	QC
	The exact meaning of the “granularity” is unclear. Is it the required accuracy of the calculated TA common with respect to the signaled value based on a floating-point calculation? In addition, it’s preferred to have separate requirement depending on SCS or frequency range. The proposed value is unnecessarily tight for FR1

	Ericsson
	Support. Clarify that the proposal concerns the granularity of the Common TA applied by the UE, not a broadcast parameter (since which broadcast parameters to use for indicating Common TA is still under discussion).

	Sony
	We support the proposal. In our evaluation, granularity of  can keep any errors within less than 1% of the CP length. 

	CATT
	Support

	Baicells
	Support



[bookmark: _Toc84786635]Updated proposal based on company views (First round of email discussions)

Updated Proposal 2:

The granularity of Common TA is set to be 

· μ is the highest allowed numerology for the given Frequency Range

[bookmark: _Toc84786636]Updated proposal based on company views (2nd round of email discussions)

[bookmark: _Toc84786637]Issue#3: The reference time of common TA parameters
The UE will apply and self-calculate the common TA according to the parameters provided by the network (if any). When calculating the  the UE should take into account the ageing of values indicated by the network: The reference time and reference point of these Common TA parameters should be known by the UE. 
The common TA parameters reference time (or epoch time) might be or not the same as the Satellite ephemeris epoch time.
The companies proposals and observations regarding issue#3 are collected in the following table:
	Companies
	Proposals 

	Nokia, Nokia Shanghai Bell
	Proposal 15: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.


	NTT DOCOMO, INC.
	Observation 9: The reference time of common TA parameters in SIB may be different from the transmitting time at gNB or receiving time at UE side.
Observation 10: To avoid ambiguity at UE side, the reference time of broadcasted common TA parameters should be defined.
Proposal 12: Reference time of common TA parameters should be known by UE.
Proposal 13: The reference time of common TA parameters should be indicated to UE.
· Note: The reference time can be the starting time of a DL slot and/or frame.
· FFS: The relationship between the reference time of common TA parameters and satellite ephemeris data Epoch time.


	Ericsson
	Proposal 19	The epoch time of the Common TA parameters is defined by the start of the Nth slot after the start of the SI window of the SI message containing the Common TA parameters, where N is optionally signaled with the Common TA parameters (otherwise 0).
Proposal 20	The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.




[bookmark: _Toc84786638]Company views 
[NTT DOCOMO, INC.] observed that to avoid ambiguity at UE side, the reference time of broadcasted common TA parameters should be defined. And proposed the reference time of common TA parameters should be indicated to UE. 
[Ericsson] proposed the epoch time of the Common TA parameters is defined by the start of the Nth slot after the start of the SI window of the SI message containing the Common TA parameters, where N is optionally signaled with the Common TA parameters (otherwise 0).
From Moderator’s perspective, the epoch time of broadcasted common TA parameters should be known to the UE and implicitly indicated. 
[Ericsson] proposed for the Common TA epoch time reference to be Nth slot after start of SI window of SI message with  common TA parameters. 
To the Moderator, it is not yet clear which SIB will be used to transmit Assistance information (Common TA related parameters, Ephemeris…) and not yet clear which System Information (SI) message will be used to carry this SIB. The Moderator shares the view that such assistance information is essential for initial access and thereby, Common TA parameters and ephemeris data should be carried within Minimum System Information (MSI), that is, SIB1 which contains information required for initial access. SIB1 is not transmitted within SI window and SIB1 is subject to repetitions which make it difficult to adopt the solution proposed by [Ericsson]. Furthermore, if the UE is not configured with a Common Search space within the active BWP, the assistance information (Common TA and ephemeris data) might need to be indicated via dedicated signaling.
Another alternative is to provide the common TA reference time as part of the Common TA parameters by indicating the SFN and the slot number that the information is valid for.
Additionally, [Ericsson, Thales] observed that it is necessary to define a reference point for Common TA to make the epoch time unambiguous. The epoch time is then the time at which the slot start that defines the epoch is transmitted from the reference point. And  [Ericsson, Thales] proposed to use the satellite as reference point for serving satellite ephemeris epoch time.
Based on the above, Initial Proposal 3-1 and Initial Proposal 3-2 are made as follow :
Initial Proposal 3-1:
Epoch time of common TA parameters should be known by UE. 
One of following options is to be supported:
· Option 1: Provide the common TA epoch time as part of the Common TA parameters by indicating the SFN and the sub-frame number that the information is valid for.

· Option 2: The Common TA epoch time is set to be the Nth slot after start of SI window of SI message carrying common TA parameters.

· FFS: Whether to use the same epoch time for Common TA and serving satellite ephemeris 

Companies are encouraged to provide inputs within the following table:
	Companies
	Comments and Views

	ZTE
	Regarding the tis issue, we share the views on the main bullet to inform the Epoch time of common TA parameters to UE. 
But for the detailed solution, for the Option-2, we share the views from moderator with consideration on the updates issue. But for Option-1, additional overhead is required. Then, from our perspective, we prefer to add the new option below:
Option-3: The Common TA epoch time is set to be boundary of last DL slot carrying the SIB. For example, it can be the start or end of this slot. The restriction to the last slot is beneficial to ensure the valid time of indicated value, especially when the large repetition is used, e.g., in IoT case.
Moreover, same epoch time for both common TA and ephemeris can be considered if they are broadcast in same SIB. And in our view, it should be the case, especially when the reference point for both common TA parameter and satellite ephemeris is at the satellite transmitter.

	Samsung
	Epoch time can be set as the start of SI message, i.e., Option 2 with the fixed N = 0. We don’t see the necessity of the configurability of N. 

	Nokia, Nokia Shanghai Bell
	It might be beneficial that the group first discussed whether or not the Common TA related parameters and the serving satellite ephemeris information are transmitted together. Our preference here would be that both Common TA related information and satellite ephemeris information is provided jointly (they relate to the satellite’s motion and hence would have high correlation).
Our preference to the specific indication method would be Option 1.


	LG
	As mentioned in our contribution, we think it is reasonable to explicitly or implicitly indicate the epoch time of common TA parameters. One example of implicit indication, if the common TA parameters are provided via SIB1, the epoch time corresponding to the common TA parameters can be defined as the starting slot timing of SIB1 reconfiguration period. 

	Intel
	In our view option 2 should give enough flexibility. The solution for Common TA and satellite ephemeris shall be aligned. 

	Spreadtrum
	We prefer that the Common TA epoch time is set to be the end of SI window of SI message carrying common TA parameters.

	Panasonic
	Agreed. We find the overhead acceptable and prefer Option 1.

	Ericsson
	We agree that the epoch time of common TA parameters should be known to UE.
The definitions of epoch time for Common TA and serving satellite ephemeris should be aligned. If Common TA and ephemeris are sent in the same SIB, the epoch time could also be the same.
It should be decided (in RAN2?) in which SIB/SI message the Common TA parameters are sent before concluding on this. The explicit signaling of SFN+subframe number adds overhead. But it is a valid point that Common TA should be part of MSI. On the other hand, in RRC_CONNECTED, it is a drawback if SIB1 (which could be large?) must be read each time Common TA is re-acquired. Could it be a separate SIB from SIB1 but still part of MSI?
We suggest merging the discussions on epoch time for Common TA and serving satellite ephemeris.

	Sony
	We agree that Epoch time of common TA should be made known to the UE. We prefer Option 1 as a solution but Option 2 is fine too.

	CATT
	In order to reduce the signalling overhead, the epoch time can be linked to the slot carrying the ephemeris information. It is more like as ZTE option 3. Moreover, same epoch time for both common TA and ephemeris can be considered if they are broadcast in same SIB. It is favorable for UE processing.

	Xiaomi
	Support to define a reference time for common TA. We Prefer Option 2.



Initial Proposal 3-2:
The reference point for epoch time of the Common TA parameters is the satellite transmitter.

Companies are encouraged to provide inputs within the following table:
	Companies
	Comments and Views

	ZTE
	We are supportive to this proposal. By taking the reference point at satellite transmitter is beneficial to enable the UE to take the impact of propagation delay into the calculation of common TA, which will simply the calculation according to the common TA and drift rate.

	OPPO
	It is not clear what the motivation is for this proposal. Does it mean that the UE should calculate the epoch time by removing the service link DL delay?

	Samsung
	It’s okay with the following modification.
The reference point for epoch time of the Common TA parameters is the satellite transmitter.

	NTT DOCOMO, INC.
	We support this proposal as a default solution. Besides, other definition of reference point for epoch time (or reference time) of the common TA parameters could also be considered and flexibly known by the UE for lower computation complexity at UE side and better performance. For example, if the reference point is defined as the beam center, maybe the timing error caused by the ambiguity between UE and network would be negligible.

	Nokia, Nokia Shanghai Bell
	Do not agree. The reference point should be the NTN-GW. There would be no benefit from forcing the gNB to perform pre-adjustment of the common TA parameters to account for the time-varying FL delay, as well as adjustment of the received uplink transmissions to align with the downlink transmit times. 

	LG
	The intention of this proposal is still unclear. So, we think further clarification should be necessary. 

	NEC
	Agree with LG. This proposal is not clear for us. 

	Intel
	Same comment as LG

	Spreadtrum
	Agree.

	MediaTek
	Option 1 seems to add complexity to the configuration for the SIB information and overhead. It should be only considered if there is real concern from gNB implementation
Option 2 also needs re-wording based on RAN1#106-e agreement.
The serving satellite common TA epoch time is implicitly known as a reference time set to be the Nth slot after start of SI window of SI message carrying common TA parameters.
 we are discussing the reference time for the Epoch time. Assuming a similar way for satellite ephemeris and common TA for the reference time,  
RAN1#106-e agreement
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
On FFS, it would be simpler to transmit the Common TA and serving satellite ephemeris together and use the same reference time option for the epoch time.
On explicit epoch time mentioned by LG as was discussed in GTW this would re-open the difficult discussion we had in RAN1#106-e on explicit Vs implicit epoch time for the satellite ephemeris. The explicit Epoch time has serious issue for the UE implementation and would require the GNSS module in UE to be continuous on in tracking mode to keep NR module synchronized to GNSS time via 1 pps signal. The RAN1#106-e agreement was compromise for UE implementation and gNB implementation. The issue is similar for common TA parameters.

	Panasonic
	We agree. 

	QC
	We don’t see the need of a reference point for common TA.

	Ericsson
	Support

	Sony
	We support this proposal

	CATT
	Network don’t know the accurate time of SIB  with Common TA parameters arriving satellite. The reference point for epoch time of Common TA at satellite is impractical. Suppose that the reference point for epoch time of the Common TA parameters is the GW transmitter.

	Baicells
	Support. Same comment as ZTE.

	Xiaomi
	Does this proposal mean the UE need to calculate the common TA considering the service link transmission duration? 
For example, the SIB includes common TA and common TA drift, the service link transmission duration for UE#1 is 4 ms, the service link transmission duration for UE#2 is 3 ms. Then for UE#1, the common TA = common TA + common TA drift*4 ms, while for UE#2 TA=common TA + common TA drift*3 ms.
If the understanding is correct, we support this proposal.
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[bookmark: _Toc84786641]Issue#4: The need and the indication of TA margin
The need of TA-margin was discussed since RAN1#103-e. It was further discussed in Last RAN1’s meeting and different options were proposed to avoid the over pre-compensation of TA during RACH procedure.
The following agreement was made at RAN1#106-e:
Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered and it is explicitly indicated to the UE
· Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation

This issue was discussed within the contributions submitted to RAN1#106-bis-e. Related observations and proposals are collected in the following table:
	Companies
	Proposals 

	THALES
	Proposal 4: 
The selection of the option to avoid that the UE over pre-compensates its TA during RACH procedure can be postponed discussion until the initial transmit timing error requirement is defined.

	Huawei, HiSilicon
	Proposal 6: To avoid that the UE over pre-compensates its TA during RACH procedure, a TA margin is included within common TA. 

	Spreadtrum Communications
	Proposal 3: TA margin can be considered and it is included within the Common TA.


	vivo
	Proposal 1: Further discuss TA-margin issue after timing synchronization requirements are determined.

	OPPO
	Observation 5: it is not convinced that introducing a fixed TA margin is absolutely needed. 
Observation 6: TA margin is not suitable to be indicated in common TA due to the mis-match of the granularity. 
Observation 7: gNB controlled TA margin configuration in system information is lack of motivation and the benefits are not clear. 
Proposal 1:TA margin is no longer needed to be discussed. 
Proposal 2: for TA margin, option 4: UE handles it via implementation can be adopted, which avoids further RAN1 discussions. 


	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 11: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the Common TA value (Option 3). In case the TA margin is handled via UE implementation (Option 4), the UE must still ensure that it fulfils RAN4 synchronization requirements.

	CATT
	Proposal 3: PRACH transmission should be delayed by , to avoid over-pre-compensation during RACH procedure.

	CMCC
	Observation 1: If option 1 (PRACH transmission is delayed by ) is supported to avoid that the UE over pre-compensates its TA during RACH procedure, NTA for PRACH is set as , and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Observation 2: To avoid that the UE over pre-compensates its TA during RACH procedure, if solutions other than option 1 (PRACH transmission is delayed by ) is supported, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Proposal 3: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support option 3 (i.e., TA margin can be considered and it is included within the Common TA). TA margin should be transparent to the UE.


	Lenovo, Motorola Mobility
	Proposal 4: Support TA margin to be included in common TA to avoid over pre-compensation.

	Xiaomi
	Observation 1, TA margin to avoid that the UE over pre-compensates its TA during RACH procedure is not necessary.

	Samsung
	Proposal 3: RAN1 sends an LS to RAN4 requesting that they take the possibility of TA overcompensation into account when setting requirements for random access preamble transmissions.
Proposal 4: Network can implicitly include TA margin relevant to Common TA overestimation within the Common TA.
Proposal 5: Handling of TA margin due to UE’s overestimation of UE-specific TA is left to UE implementation.


	Intel Corporation
	Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA

	NTT DOCOMO, INC.
	Observation 6: Option 1 (PRACH transmission is delayed by min(CP/2, GP/2)) is equivalent with setting a fixed TA margin, which is much larger than the timing requirements. This fixed and large TA margin would affect the budget of other error sources.
Observation 7: Option 2 (Explicit indication of TA margin) and Option 3 (Including TA margin in Common TA) can both solve over pre-compensation issue. However, option 3 has less spec. impacts.
Proposal 7: In NTN, to avoid that the UE over pre-compensates its TA during PRACH procedure, TA margin can be considered and it is included within the Common TA (i.e., Option 3 is preferred).


	Baicells
	Proposal 4: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, PRACH transmission is delayed by .


	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 2	Do not support N_(TA, old). If TA margin is supported, a new parameter or reusing common TA to indicate TA margin shall be considered.


	ZTE
	Proposal 4: The over pre-compensation of TA during RACH procedure should be handled by UE via implementation.


	PANASONIC R&D Center Germany
	Proposal 5: Include the TA margin transparently to the UE in the Common TA (Option 3).


	Ericsson
	Proposal 10	Do not define a TA margin. The RAN4 requirements on UE TX timing accuracy are expected to ensure that the performance impact of the potential TA over-compensation of PRACH will be insignificant.


	Apple
	Proposal 6: PRACH transmission is delayed by min(CP/2, GP/2). 

Proposal 7: TA margin used in PRACH transmission is counted when UE adjusts TA value upon receiving the TAC in msg2/msgB. 


	LG Electronics
	Proposal 2. Support option 2 in the agreement in RAN1 #106-e regarding TA margin.
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE




[bookmark: _Toc84786642]Company views
The companies shared different views w.r.t the option to be adopted to avoid that the UE over pre-compensates its TA during RACH procedure.
This is the recap of the views expressed in the Tdocs submitted to RAN1#106-b-e:
	Option 1: PRACH transmission is delayed by 

	CATT, Baicells, MediaTek, Apple

	Option 2: TA margin can be considered and it is explicitly indicated to the UE
	LG

	Option 3: TA margin can be considered and it is included within the Common TA
	Huawei, Spreadtrum, Samsung, Intel, CMCC, Lenovo, Motorola Mobility, NTT DoCoMo, Panasonic, Thales, (MediaTek)

	Option 4: UE handles it via implementation

	Ericsson, ZTE, OPPO, Xiaomi, Nokia, Nokia Shanghai Bell, (MediaTek), 


	Postponed discussion until the initial transmit timing error requirement is defined
	Vivo, Thales




In Moderator ‘s view:
· W.r.t Option 1: the UE initial transmission timing error requirement for the PRACH transmission or the msgA transmission is the same requirement for UE initial transmission timing error in RRC_CONNECTED. This error requirement being less than or equal to  ±Te_NTN. It is yet-to-be defined but certainly it will be very small/tight error requirement. Therefore, delaying the PRACH by min⁡(CP/2,GP/2  ) may not be needed.
· Option 2 and Option 4 may have an impact on  NTA update/accumulation in Initial access (Issue#5-1), indeed, with these two options when TAC (T_A) in msg2/msgB is received, NTA,old may not be equal to 0. This is not a wanted change as per many expressed views. 
· Another alternative is not introduce TA margin and not support option 4.: By considering the tight initial transmission error requirement (≤  ±Te_NTN), an over compensation of TA during PRACH transmission will not lead to a significant unwanted interference with previous slot or PRACH occasion, as already observed by some companies. Therefore, TA margin might not be needed. Nevertheless, when the transmission timing error between the UE timing and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. Such adjustment is to be transmitted via the TAC in RAR. But negative TA adjustment in RAR is not supported.
· The Moderator shares the view that TA margin is not needed. Any uncertainty related to UE initial TA may be covered by the Common TA value (Option 3).
With the above considerations in mind, a possible way forward could be:  RAN1 to conclude that TA margin is not needed. 
Then, the initial proposal is made as follows:

Initial proposal 4: 
Do not define a TA margin. Any over pre-compensation of TA during RACH procedure can be covered by the Common TA.

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

	ZTE
	We are supportive to this proposal.

	OPPO
	support

	Samsung
	Okay

	NTT DOCOMO, INC.
	Support this proposal.

	Nokia, Nokia Shanghai Bell
	We agree to not provide a TA margin, and believe that any uncertainty related to TA should be covered by the Common TA value (Option 3), or handled via UE implementation (Option 4), however the UE must still ensure that it fulfils RAN4 synchronization requirements. The UE should not perform any over pre-compensation, so the second sentence of Initial proposal 4 is not needed.

	LG
	We are not agree with the proposal 4. According to the last agreement, RAN1 should down-select among the four options. Actually, we prefer to support the option 2, but, the option 3 is also acceptable for the sake of progress.

	NEC
	Agree with this proposal. 

	Intel
	Support

	Spreadtrum
	Agree with this proposal.

	MediaTek
	Support. The potential over pre-compensation by the UE should be very small based on companies analysis and simulations contributed in RAN1 / RAN4 and required to be within the RAN4 timing requirements +/-Te_NTN. We do not see any serious issue there. This can be handled by the UE implementation and gNB implementation to meet the RAN4 timing requirements.

	Panasonic
	Support

	vivo
	Support the proposal. There is a concern that when the RP is located at satellite, common TA will be zero, how to handle TA margin requires further clarification. 

	QC
	We have a very strong concern on the proposal. Including the TA margin in the common TA introduces a bias for UL transmissions. A UE wakes up from a long DRX cycle maybe preferred to use only UE specific TA and common TA for an initial UL transmission. Such an UL transmission will have a built-in bias.

	Ericsson
	This solution will not work well since all UL signals will be equally impacted by Common TA so it cannot be used to change the relative timing of UL signals.
Instead, we propose not to define a TA margin. The RAN4 requirements on UE TX timing accuracy are expected to ensure that the performance impact of the potential TA over-compensation of PRACH will be insignificant.

	Sony
	Support

	CATT
	We are opposed to this proposal. 
The roles of TA margin and common TA are different. Common TA is varied  continuously  with satellite orbiting, whereas TA margin is only a fixed delay. When reference point is set at the satellite, common TA will be equal to zero. These two things should not be mixed. 
We support that UE transmit PRACH after delaying TA margin or fixed delay or UE handles it via implementation if the TA margin is not defined .

	Baicells
	We do not agree at this point.
If TA margin is covered in Common TA, and the value of the TA margin is unknown to a UE, then the UE can not get an correct TA when close-loop TA is reset to zero. We do not support, unless such case can be avoided.

	Xiaomi
	Support this proposal in general. In our understanding, the issue of TA pre-compensation will not happen when UE meets the error requirement. The use of common TA should be clarified. 
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[bookmark: _Toc84786645]Issue#5 : TA update in RRC_CONNECTED state 
In RAN1 Meeting #104-e and RAN1#104-bis-e the following agreement were made: 
	Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e 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 X as agreed in RAN1 #103-e.

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




At the end of RAN1#106-e meeting, the following FL recommendation was made:
	FL Recommendation:  
For next RAN1 meeting: Companies are encouraged to provide more inputs on:
·  The update/maintenance of  NTA,UE-specific and NTA,common  
· And provide details on the combination of open and closed loop TA control



Many issues related to TA maintenance/update in connected mode remain open:
· FFS: Operation of closed loop and open loop TA control:
· FFS: details of NTA update/accumulation
· FFS: details of  update
· FFS: details of update
· FFS: Details of the combination of open and closed loop TA control

The discussions related to these remaining open issues are summarized in the following sub-sections: 5.1, 5.2 and 5.3.
[bookmark: _Toc84786646][bookmark: _Ref72326257]Issue#5-1: NTA update/accumulation
NTA update/accumulation was discussed in RAN1#106-e. The followings agreement was made:
Agreement:
· in NR NTN, NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

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


When TAC (T_A) in msg2/msgB is received, the value of  in the above agreement was FFS.
Observations and proposals related to NTA update/accumulation are collected in the following table:
	Company
	Proposals

	vivo
	Proposal 4: Not support to change existing NTA update specified in Rel-15/16, considering the following aspects.
· When TAC (TA) is provided in msg2/msgB, UE receives the first adjustment and NTA is updated as follows:
1. , where TA is the TAC field in msg2/msgB.
· When TACs (TA) is provided by the MAC CE, NTA is updated as follows:
2. , where TA is the TAC field received in MAC CE command.

	Nokia, Nokia Shanghai Bell
	Proposal 9: 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 10: For the timing advance command present in the Random Access Response (Msg2/Msg B) the value of the NTA,old is the value corresponding to NTA for the PRACH transmission, i.e., NTA,old = 0. 
Proposal 13: The TAC value definitions for msg2/msgB remain the same as for NR in Rel.16.


	CMCC
	Proposal 4: In NTN, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.

Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: 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 



	Samsung
	Proposal 1: For TAC (T_A) in msg2/msgB is received, .


	NTT DOCOMO, INC.
	Proposal 8: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , where is the TAC field in msg2/msgB

	Baicells
	Proposal 6:  For TA update in msg2/msgB, N_TA_old is the value of UE TA pre-compensation for PRACH transmission if  the PRACH detection window at the gNB keeps unchanged from Release16.


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


	FGI, Asia Pacific Telecom, III, ITRI
	Observation 1	TA update in RRC_CONNECTED shall include the absolute timing advance command MAC CE.
Observation 2	For an RRC_CONNECTED UE, if the TA timer is still running, and if accumulated N_TA < 0, using N_TA = 0 for PRACH/MSGA transmissions may not ensure the gNB can receive the preamble within the preamble receiving window.
Observation 3	For a UE in RRC_CONNECTED with its TA timer still running, if the N_TA > 0, using N_TA = 0 for PRACH/MSGA transmissions may make the gNB receive the PRACH/MSGA in the wrong RO.
Proposal 1	N_TA updates based on TA Command field in Absolute TAC MAC CE is used for UL timing alignment correction as follows: when TAC (T_A) in Absolute TAC MAC CE is received, UE receives the first adjustment and N_TA is updated as follows: N_TA = N_(TA, old) + T_A1664/, where T_A  is the TAC field in Absolute TAC MAC CE.
Proposal 3	RAN1 shall study the N_TA value used for PRACH/MSGA transmissions if the TA timer is still running in RRC_CONNECTED.


	ZTE
	

Proposal 5: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:

,


where  is the TAC filed in msg2/msgB and .


	Ericsson
	Proposal 4	When TAC () in msg2/msgB is received,  is calculated as follows: 




[bookmark: _Toc84786647]Company views
Based on views expressed within the Tdocs submitted to RAN1#106-bis-e, when TAC (in msg2/msgB is received, NTA,old shall equal to 0  according to [ Nokia, ZTE, Vivo, CMCC, DoCoMo, Samsung, CATT, Baicells, Ericsson MediaTek]

As discussed earlier, Issue#5-1 is linked to Issue#4. Moderator shares the view that if Initial proposal 4 is agreed, existing N_TA update during initial access based on TA Command  field in msg2/msgB command is used for UL timing alignment correction without specification change. 
Based on the expressed views, the following Initial proposal 5-1 is made:

Initial proposal 5-1: 
When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  and   = 0


Companies are encouraged to provide their comments on Initial Proposal 5-1 :
	Companies
	Comments and Views

	ZTE
	We are fine with this proposal and for simplicity, the N_TA_old can be removed from equation since it should be 0.

	OPPO
	Support, but we can simply remove 

	Samsung
	Okay, as OPPO suggests, we can remove that parameter.

	NTT DOCOMO, INC.
	Support the proposal with updates as discussed during GTW session.
Updated proposal 5-1:
When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:

 

	Nokia, Nokia Shanghai Bell
	Agree. During the GTW session it was proposed that NTA_old was completely removed, but for general applicability (and for reuse with existing equations), it might be beneficial to maintain the NTA equation.

	LG
	Support. And in this case, if the parameter  is always 0, we prefer to delete .

	NEC
	Agree with the proposal. And support to remove . 

	Spreadtrum
	Agree with this proposal.

	MediaTek
	Support proposal.

	Panasonic
	Support

	vivo
	Support. In this case, the  can be removed.

	QC
	Need to decide on proposal 4 first.

	Ericsson
	Agree in principle. Detailed comments:
· Since  = 0,  could be omitted from the agreement
We suggest that the statement “UE receives the first adjustment” is removed since it is redundant and may not be true if UE sends random access in RRC_CONNECTED. 

	Sony
	Share OPPO’s view.

	CATT
	We are fine with this proposal. We think the  is positive here assuming UE transmit preamble after a fixed delay (or TA margin).

	Baicells
	We agree, and  can be removed.

	Xiaomi
	Support and okay to remove 




[bookmark: _Toc84786648]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc84786649]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc84786650]Issue#5-2: Combination of open and closed loop TA control
Observations and proposals related to the combination of open and closed loop TA control are collected in the following table:
	Companies
	Proposals

	Huawei, HiSilicon
	Observation 5: There is no need to reset the closed-loop TA to 0 when  is updated.

	Nokia, Nokia Shanghai Bell
	Observation 10: Operation of closed loop and open loop TA control in RRC connected state needs careful design to avoid instability due to erroneous calculation of the UE-specific TA value by the UE.
Observation 11: If TAC is generated to fix a temporary deviation in the UE transmission timing, when UE updates their autonomous components on the timing advance formula, there may be an overcompensation of the timing advance, generating a similar deviation on the opposite direction.
Observation 12: If TAC is generated to introduce an offset in UE timing due to gNB internal optimizations, the TAC should be applied regardless of UE accuracy for timing estimation. 
Observation 13: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
Proposal 9: 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 16: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.
Proposal 17: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
Proposal 18: the TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.


	CATT
	Proposal 4: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  
Proposal 5: Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 

	CMCC
	Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: 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 



	Lenovo, Motorola Mobility
	Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.

	Samsung
	Proposal 2: Each of the following options are supported based on the gNB configuration:
· Closed-loop TA control
· Open-loop TA control
· Combination of open&closed-loop TA control

	NTT DOCOMO, INC.
	Observation 8: Independent closed-loop and open-loop TA control may cause large timing error.
Proposal 9: Independent combination of closed-loop and open-loop TA should be avoided. To reduce the timing error in RRC_CONNECTED, the revision of open-loop TA update methods, while maintaining the closed-loop TA control methods, should be considered.
Proposal 10: To reduce the error caused by the combination of common TA and N_TA, following options can be considered.
· Option 1: Configure small validity duration for common TA.
· Option 2: Revise the common TA update equation into gradual update equation, e.g., NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N, where N is an integer and (NTA, common_new – NTA,common_old)/N should be equal with or smaller than the step Tstep,common. 

	Sony
	Observation 1: The accuracy of both open and closed loop TAs is impacted by the age of the parameters used in their calculation.
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.

	FGI, Asia Pacific Telecom, III, ITRI
	Observation 4	For UL timing maintenance in RRC_CONNECTED, valid satellite ephemeris is not essential. UE may rely on the legacy closed-loop timing control and DL reference signal to maintain UL timing.


	ZTE
	Proposal 8: In RRC_CONNECTED state in NR NTN, when a new GNSS fix and/or new ephemeris are applied, UE could subtract the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA to avoid TA jump.
Proposal 9: In RRC_CONNECTED state in NR NTN, when new common TA parameters are applied, UE could subtract the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA to avoid TA jump.


	PANASONIC R&D Center Germany
	Proposal 6: The UE computes the UE specific TA as the sum of the service link delay on UL and DL. In RRC_CONNECTED state, the UE adds it autonomously on the TA command.


	Ericsson
	Observation 10	When closed-loop TA control is used to compensate for the residual errors in the open-loop TA control, the common TA + ephemeris parameter update interval can be significantly increased. With a 400 ms interval of TAC, an update interval of 25 seconds or more can be achieved if the common TA is characterized with a 2nd order terms in addition to the drift rate and base value.


	Apple 
	Proposal 8: RAN1 to study whether and how to reset  when UE specific TA is estimated with updated GNSS position or updated satellite ephemeris parameters. 

	LG Electronics
	Proposal 7: Define the appropriate TA control method for each TA as follows: 
· Closed loop TA control is applied to common TA (i.e., )
· Open loop TA control is applied to UE specific TA (i.e., )
Proposal 8: Support independent TA update for each TA using independent TA control methods.

Observation 2: It is desirable to set open loop TA control and closed loop TA control as non-conflicting. If not, the conflicts between both TA control methods may occur, and additional UE behaviour might be necessary.

Proposal 9. RAN1 should discuss when to apply the updated UE specific TA for UL signal/channel transmission.

	Qualcomm Incorporated
	Observation 1: For calculating the TA in RRC_CONNECTED state, always adding the open-loop TA and the closed-loop TA may cause large timing errors due to double correction of timing error caused by UE movement. 
Proposal 1: In connected mode , when UE specific TA calculated based on the UE location corresponds to the last applied UE specific TA  differs from the UE specific TA calculated based on most recent GNSS fix by more than x1 ,  i.e., |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1, where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location, UE is required to adjust the  UE location when calculating the UE specific TA such that the applied UE-specific TA is closer to the TA calculated using the most recent GNSS fix than using GNSS_c. The adjustment made to UE specific TA due to UE location adjustments shall satisfy the following conditions:
· the maximum amount of UE specific TA change of one adjustment due to UE location update shall be y,   i.e, |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2.
· the minimum aggregate adjustment rate shall be x3 per T1 seconds.
· the maximum aggregate adjustment rate shall be x4 per T2 seconds.
· FFS the values of x1, x2, x3, x4, T1 and T2.




[bookmark: _Toc84786651]Company views
This is the summary of the expressed views regarding the combination of open and closed loop TA control:
i. Closed-loop TA when NTA,UE-specific is updated in RRC Connected state:
· No need to reset: [Huawei, Vivo]

· Reset: [Nokia, Nokia Shanghai Bell (two operation states for TAC update are needed), Apple]

· NTA –( NTA,UE-specific,new - NTA,UE-specific,old ): [CATT, ZTE]
· Moderator’s view: this can be up implementation to use such algorithms

·   : [CMCC] 
· 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  

· Moderator’s view: if TA,drift is known, this can total drift service + feeder link, then UE implementation can do this

· Cap max adjustment: [Qualcomm]
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustment rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds

· Up to UE implementation: [DoCoMo, (MediaTek)]
· To the moderator understanding up to UE implementation means that the UE will implement a solution that meets the RAN4 Transmit Timing requirements for NR NTN using UE-specific TA and MAC TA, common TA. Do companies share understanding?

ii. Closed-loop TA when NTA,common is updated in RRC connected state: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N: [DoCoMo]
· NTA –( NTA,Common,new - NTA,Common,old ): to avoid TA jump [ZTE]


Initial Proposal 5-2
Companies are encouraged to comment on all the below options:
1- Closed-loop TA when NTA,UE-specific is updated in RRC Connected state:
· Option 1-1: No need to reset
· Option 1-2: Reset
· Option 1-3: NTA –( NTA,UE-specific,new - NTA,UE-specific,old )
· Option 1-4 :   
· 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  
· Option 1-5: Cap max adjustment: 
· if |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1
· |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2
· minimum aggregate adjustment rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· Option 1-6: Up to UE implementation

2- Closed-loop TA when NTA,common is updated in RRC connected state: 
· Option 2-1: Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Option 2-2: NTA –( NTA,Common,new - NTA,Common,old )
· Option 2-3: Up to UE implementation

Companies are encouraged to provide their comments on initial Proposal 5-2 :
	Companies
	Comments and Views

	ZTE
	As analysis in our contribution, we support option 1-3 and 2-2 for each case to avoid the jitter of the TA compensation.  In our view, remove the deterministic impacts is quite straightforward comparing to the reset.

	OPPO
	1- Closed-loop TA when NTA,UE-specific is updated in RRC Connected state:
Does the proposal intend to discuss how to update the NTA when UE receives a TAC from gNB or intend to discuss how to handle NTA,UE-specific when UE receives a TAC from gNB?
From our view, in this case, the UE only needs to update NTA by the legacy algorithm, i.e. NTA_new= NTA_old + TAC. The value of NTA,UE-specific is handled independently of TAC. Note that up to now, we are not discussing about the concrete algorithm for UE to estimate NTA,UE-specific, thus, it is completely up to UE implementation. 
For option 1-2, if UE reset NTA,UE-specific=0, then it is not clear if the UE should keep NTA,UE-specific=0 till the next uplink transmission? It may be the case there this interval is quite long, then there is a risk that the UL sync becomes completely wrong. 
For option 1-3, it is not clear how to determine NTA,UE-specific_new and NTA,UE-specific_old

1- Closed-loop TA when NTA,common is updated in RRC connected state: 
We think there should be an option that the NTA, common is independent of TAC. This option has a similar flavour as option 1-1. 
Regarding option 2-1 and 2-2, at least more discussion is needed to clarify how the UE determines NTA,common,new and NTA,common,old

	Samsung
	Option 1-1
Option 2-3

	NTT DOCOMO, INC.
	We would like to clarify that this proposal should discuss how to combine open-loop and closed-loop TA in RRC Connected state. Then, the four options should be firstly discussed before discussing the detailed sub-options or solutions.
· Option 1: Always combine (or plus) the values of open-loop and closed-loop TA directly.
· Option 2: When parameters related to open-loop TA (NTA,UE-specific and/or NTA,common) are updated in RRC connected state, revise the calculation equations of open-loop TA without changing the update method of closed-loop TA (NTA).
· Option 3: When parameters related to open-loop TA (NTA,UE-specific and/or NTA,common) are updated in RRC connected state, revise the update equations of closed-loop TA (NTA) without changing the calculation equations of open-loop TA (NTA,UE-specific and/or NTA,common).
· Option 4: When parameters related to open-loop TA (NTA,UE-specific and/or NTA,common) are updated in RRC connected state, revise the update equations of closed-loop TA (NTA) as well as the calculation equations of open-loop TA (NTA,UE-specific and/or NTA,common).
Based on our understanding, the sub-options in initial proposal 5-2 are trying to solve the combination method of open-loop and closed-loop TA, when open-loop TA (NTA,UE-specific and/or NTA,common) is updated in RRC connected state:
· Option 1-1/1-2/1-3/1-4/2-2 in initial proposal 5-2 are related to option 3 above. 
· Option 1-5/1-6 in initial proposal 5-2 are related to NTA,UE-specific revision in option 2 above. 
· Option 2-1/2-3 in initial proposal 5-2 are related to NTA,common revision in option 2 above.
Before discussing the detailed solutions, we’d better discuss the options listed above.
Regarding the detailed solutions, we support option 1-6 and option 2-1.

	Nokia, Nokia Shanghai Bell
	We believe the views we provided in our T-Doc were not properly captured by the Feature Lead summary. 
We believe that there is a need to introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (legacy operation) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates. In this way, stability of the closed loop control will be maintained, while allowing for UE-specific updates (open loop). There are several situations where the gNB may require to indicate absolute offset to UE’s TA. 

	LG
	Regarding UE specific TA, we think it can be up to UE implementation.
Regarding common TA, the common TA parameters (if supported) should be also considered.

	MediaTek
	Option 2-3 should be the understanding. It is up to the UE implementation to meet the RAN4 timing requirements. This may include Open loop and closed loop TA adjustments. 
We see Option1-3, 1-4 and 1-5 as potential UE implementation methods. There can be others. It is up to the UE implementation to design such method to best meet the requirements with compromise between complexity of algorithms and performance. In a way, this is already done like this and consistent with the understanding that receiver algorithms and implementation methods are not specified.
Option 1-2 Reset will not work because the OL and CL TA adjustment are not the only source of timing error in UE implementation. There can be other reasons for the UE to have inaccurate transmit timing – e.g. delay spread of the channel, AFC error, HW filtering, and so on. Resetting the CL TA command may actually cause additional timing error.

	Panasonic
	We support Option 1-6 and Option 2-3: Up to UE implementation. On Option 2-3, RAN1 needs to specify how to compute N_TA,common based on the provided parameters (coefficients, epoch time). 

	QC
	The issue is highly related to RAN4. Suggest to send an LS to RAN4 to describe the issue and possibly solutions being discussed.

	Ericsson
	 Difficult to comment on all different options, most of which are new. More study is needed. It should also be noted that there is already a cap on the max adjustment rate of UE TX timing in 38.133.

	Sony
	We think that the relative age of open versus closed loop TAs should be considered. These proposals do not seem to do that.

	CATT
	Due to timing error introduced by propagation delay  and unknown time of signal arriving satellite, As analysis in our contribution, we support option 1-3 and 2-2 for each case to avoid the jitter of the TA compensation.  

	Baicells
	1 - Closed-loop TA when NTA,UE-specific is updated in RRC Connected state:
It depends. Both  Option 1-2 and Option 1-3 can be used in different scenarios.
· Option 1-2: Reset 
· Option 1-3: NTA –( NTA,UE-specific,new - NTA,UE-specific,old )


2 - Closed-loop TA when NTA,common is updated in RRC connected state: 
Same as the case of NTA,UE-specific
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[bookmark: _Toc84786653]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc84786654]Issue#5-3: UE-specific and Common TA determination
Observations and proposals related to UE-specific and Common TA determination are collected in the following table:
	Companies
	Proposals

	Spreadtrum Communications
	Proposal 2: The calculation of UE-specific TA is up to UE implementation.

	vivo
	Proposal 2: The calculation of UE-specific TA is up to UE implementation.


	MediaTek Inc.
	Observation 4: Inclusion in NTA,UE-specific formula of additional timing in DL between satellite denoted by ds,DL and device and in UL between device and satellite denoted by ds,UL is not necessary. 
Proposal 3: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.

	CMCC
	Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.


	NEC
	Proposal 1. The calculation of NTA, UE-specific can be left to UE implementation. 

	NTT DOCOMO, INC.
	Proposal 10: To reduce the error caused by the combination of common TA and N_TA, following options can be considered.
· Option 1: Configure small validity duration for common TA.
· Option 2: Revise the common TA update equation into gradual update equation, e.g., NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N, where N is an integer and (NTA, common_new – NTA,common_old)/N should be equal with or smaller than the step Tstep,common. 
Proposal 11: UE-specific TA update in RRC_CONNECTED state can be up to UE implementation.
· Note: The constraints on update step of UE-specific TA should be considered based on the definition by RAN4.

	ZTE
	
Proposal 6: In RRC_CONNECTED state in NR NTN,  is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.

Proposal 7: In RRC_CONNECTED state in NR NTN,  is updated autonomously by the UE based on the parameters acquired from SIB as follows:

,





where  is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.


	PANASONIC R&D Center Germany
	Proposal 6: The UE computes the UE specific TA as the sum of the service link delay on UL and DL. In RRC_CONNECTED state, the UE adds it autonomously on the TA command.


	Ericsson
	Observation 1	When calculating the DL service link delay of a signal, ignoring the satellite movement during the signal propagation from satellite to UE will lead to a calculation error of up to 0.25 µs, which corresponds to 5% of the PUCCH/PUSCH CP length for 15 kHz SCS and 43% of the CP length for 120 kHz SCS.
Observation 2	Using a low-complex approximative “two-step” method is sufficient to get a good approximation of the impact of satellite movement on DL service link delay.
Observation 3	The algorithm used by the UE to calculate the DL service link delay can be implementation dependent but the DL service link delay should be defined in the specifications taking satellite movement during DL signal propagation into account.
Proposal 1	As part of defining the UE-specific TA, RAN1 should define the DL service link delay taking into account satellite movement during DL signal propagation from satellite to UE.
Proposal 2	As part of defining the UE-specific TA, RAN1 should define the UL service link delay taking into account satellite movement during UL signal propagation from UE to satellite.
Proposal 6	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 UL signal to which the UE applies the TA.
Proposal 8	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 which the UE applies the TA will be relayed by the satellite.


	LG Electronics
	Proposal 9. RAN1 should discuss when to apply the updated UE specific TA for UL signal/channel transmission.



[bookmark: _Toc84786655]Company views
On Issue#5-3, the following views were expressed in the RAN1#106 Tdocs:
The calculation of UE-specific TA is up to UE implementation: [Spreadtrum, vivo, (MediaTek), NEC, NTT DOCOMO, INC, ZTE]
UE-specific and TA common determination: [CMCC, Ericsson, Panasonic, (MediaTek)]
· , where 𝑑𝑠,𝐷𝐿 is the DL service link delay of the signal to which the UE local time reference is synchronized and 𝑑𝑠,𝑈𝐿 is the UL service link delay of the UL signal to which the UE applies the TA
· , where tsat,DL is the time the DL signal to which the UE local time reference is synchronized was relayed by the satellite, and tsat,UL is the time the UL signal to which the UE applies the TA will be relayed by the satellite.
[Ericsson]: observed that the algorithm used by the UE to calculate the DL service link delay can be implementation dependent but the DL service link delay should be defined in the specifications taking satellite movement during DL signal propagation into account. And made the following observation: When calculating the DL service link delay of a signal, ignoring the satellite movement during the signal propagation from satellite to UE will lead to a calculation error of up to 0.25 µs, which corresponds to 5% of the PUCCH/PUSCH CP length for 15 kHz SCS and 43% of the CP length for 120 kHz SCS.

Initial Proposal 5-3:
Question 1: Do you agree that RAN1 should define the DL service link delay taking into account satellite movement during DL signal propagation from satellite to UE?
Question 2: Do you agree that RAN1 should define the UL service link delay taking into account satellite movement during UL signal propagation from UE to satellite?
Question 3: Shall RAN1 specify how UE calculates/update the UE-specific TA?
Question 4: Shall RAN1 specify how UE calculates/update the NTA,common?

Companies are encouraged to provide their answers the questions above- please elaborate:
	Companies
	Comments and Views

	ZTE
	Option 1 and 2: We understand the impacts of propagation delay on the TA calculation, but in our view, there is no need to explicitly define the define UL and DL service link delay. According to our analysis, with clear define time instant for the indicated value, e.g., reference point and epoch time, the UE can directly calculate the required TA for the UL transmission. Introducing the “DL service link delay” and “UL service link delay” will complicate the spec.
Option 3: We think calculation/update of UE-specific TA should be left as implementation, and which is also related to its own propagator on satellite ephemeris.
Option 4: Regarding how to achieve the proper TA, it should be sufficient once the common TA and higher order drift rate is indicated with the applicable time. The detailed equation may not be specified and we can try to identify the required indication.

	OPPO
	DL and UL delays are time varying parameters. If we want to differentiate them we need further discuss the reference time at which we calculate these delays. A simple solution is to leave it for UE implementation. Otherwise, we see that it is quite complicated to discuss. 

	Samsung
	Q1: No need
Q2: No need
Q3: No
Q4: No

How to calculate UE specific TA and common TA can be up to UE implementation.

	NTT DOCOMO, INC.
	Q1: With the definition of reference time for satellite ephemeris epoch time, the propagation delay between satellite and UE could be estimated by UE at the time of transmission from satellite and at the time of receiving at UE. The further detailed modelling on satellite movement could be up to UE implementation without any spec. impacts.
Q2: Similar view with Q1. The further detailed modelling on satellite movement could be up to UE implementation without any spec. impacts.
Q3: The calculation/update method for UE-specific TA should be up to UE implementation satisfying the timing error requirement (to be) defined by RAN4.
Q4: A default calculation/update method for common TA with the broadcasting parameters could be defined and specified in RAN1 to align the understanding between the network and UE. Further optimization on the calculation/update method for common TA at the UE side could be up to UE implementation.

	Nokia, Nokia Shanghai Bell
	General comment. The network should provide parameters at a rate and at an accuracy that allows the UE to perform the needed compensations for the UL transmission. For the DL reception, the operation should be completely UE proprietary implementation, while for the UL transmissions it is simply required that the UE performs the needed compensation based on the provided information (and it would be fine to explain what the parameters are to, but we should not describe in detail now the UE obtains the transmit timing and/or frequency offset). The UE will just have the responsibility to abide to the requirements on the transmitted signal as per RAN4 requirements.
Q1: No. This would be the task of the UE to derive using the provided information and part of the UE’s DL synchronization task.
Q2: No. This would be the task of the UE and part of the UE’s task to apply its propagator model. It would be the responsibility of the UE to ensure that UL signals are received at the satellite antenna (first point of signals from different UE to be merged for network processing) with the expected reception timing and frequency offset.
Q3: No, RAN1 shall not explain in detail how the UE calculates the UE-specific TA, but should rather explain the needed functionality, which should be already clear with the Agreement on TA calculation so far. That is, which timing advance it should represent. 
Q4: No, RAN1 shall not explain in detail how the UE calculates the Common TA. In principle there are still outstanding aspects related to providing the NTN-GW location, which might potentially change the calculations. Hence, such calculations should be UE proprietary. 

	LG
	Q1 & Q2: We think that DL/UL service link delay can be considered to calculate the UE specific TA, but it is not necessary to define in specification. We think it should be left as UE implementation. 
Q3: We don’t think so. The updating and calculating UE specific TA should be left as UE implementation.
Q4: If the common TA parameters are supported, RAN1 should further discuss how to calculate/update the NTA,common, and it should be defined in specification.

	NEC
	For Q1& Q2, define the DL and/or UL service link delay with respect to satellite movement will introduce extra complexity to specs. We do not see the need to define them. 
Q3: No. UE-specific TA shall be calculated/ updated based up to UE implementation. 
Question 4: Yes. Agree with DOCOMO.

	Intel
	In our understanding calculation of UE specific TA and common TA can be up to UE implementation

	Spreadtrum
	Q1: No need
Q2: No need
Q3: No need
Q4: No need

	MediaTek
	On Q1&Q2 It is of course needed for the UE implementation to calculate the UE specific TA based on the DL/UL service link delay. Otherwise the RAN4 timing requirements will not be best met. This this can be up to the UE implementation.
On Q3 & Q4, as mentioned it can be up to UE implementation. It is not normal RAN1 practise to specify implementation algorithms. There are different implementation algorithms that could be considered. What is important is that no matter the implementation, the RAN4 timing requirements should be met based on some RAN4 test.

	Panasonic
	Q1 & Q2: We agree. The satellite movement has a noticeable impact on the delay and should not be ignored.
Q3: No. Can be up to the implementation.
Q4: Yes. There should be guidance from RAN1 of how to correctly employ common TA parameters, epoch time, and reference timing.

	vivo
	Q1 & Q2:  No need to define DL/UL service link delay. It is rough estimation to calculate UE-specific TA/Common TA by DL service link delay and UL service link delay.
Q3: No. The calculation of UE-specific TA can be up to UE implementation.
Q4: Yes. UE and network need the same way to calculate common TA to keep consistent understanding on common TA.

	QC
	Q1&Q2&Q3: No. 
Q4: Yes. The formula based on the parameters need to be clearly defined

	Ericsson
	Q1,Q2: Yes, this is necessary to get an accurate UE-specific TA definition.
Q3: Partially. UE-specific TA should be defined as the sum of UL and DL UE-specific delay, quantized to e.g.  granularity:

where  is the DL delay of a signal, to which the UE is synchronized, received by the UE at time :

and where  is the UL delay of a signal transmitted by the UE at time :

and where  and  are the position vectors of the satellite and UE, respectively, at time .
How these are calculated can be up to UE implementation as long as accuracy requirement specified by RAN4 are fulfilled.
Q4: Similar to Q3: Common TA is the sum of UL and DL common delay. But common delay will likely be defined by a polynomial (to be defined). How to calculate the value of the polynomial is straightforward and need not be further specified.

	Sony
	Q1: No need but we think definition and/or indication of epoch time is also needed.
Q2: No need but we think definition and/or indication of epoch time is also needed.
Q3: It’s up to UE implementation.
Q4: This is related to common TA drift rate. How to calculate common TA from indicated information of common TA drift rate could be needed.

	CATT
	Question 1and Question 2: Since network and UE don’t known time of signal arriving satellite and can’t calculate accurately DL and UL delay. In our opinion, there is no need to define DL and UL delay.
Question 3: UE calculation/update the UE-specific TA should be left for implementation
Question 4: UE calculation/update the NTA,common should be left for implementation.  

	Baicells
	Q1: No need
Q2: No need
Q3: No need
Q4: No need
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[bookmark: _Toc84786658]Issue#6 : NTN UE Time Alignment Timers
This issue was discussed in RAN1#104-bis-e and RAN1#105 and further discussed in RAN1#106. The following agreement was made in RAN1#106:
Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Regarding uplink time sync validity duration, these proposals were submitted to RAN1#106-bis-e:
	Companies
	Proposals

	THALES
	Proposal 5:
The UE assumes that it has lost uplink synchronization if new ephemeris data is not available within  validity duration.    
Proposal 6: 
a single validity timer (tnULSyncValidityDuration) is used for satellite ephemeris and common TA parameters.
Proposal 7:
ntnULSyncValidityDuration is broadcast within the SIB and can be provided using dedicated signaling.


	Huawei, HiSilicon
	Proposal 7: A single valid timer for both common TA related parameters and satellite ephemeris is defined if they are carried in the same system information.


	Spreadtrum Communications
	Proposal 6: The validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
Proposal 7: Separate validity duration for satellite ephemeris data and Common TA need to be supported.

	vivo
	Proposal 5: Support single validity timer configured for both satellite ephemeris information and common TA.


	OPPO
	Proposal 3: it is important to clarify the RAN1 agreement which interpretation is a common understanding
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· Interpretation 1: UE is not required to acquire new satellite ephemeris within the validity duration
· Interpretation 2: UE is required to acquire new satellite ephemeris within the validity duration. 
Proposal 4: When UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost and follow the legacy mechanism to re-establish the uplink synchronization. 
Proposal 5: When UE is required to acquire new satellite ephemeris within the validity duration, legacy system information update mechanism can be reused. 
Proposal 7: When UE acquires a new satellite ephemeris, the validity duration should be reset. 


	Nokia, Nokia Shanghai Bell
	Observation 14: The network is not able to know whether the validity timer has expired at the UE side or is about to expire soon. This may lead to situations where the UE is not able to fulfil the requirements associated to the scheduling commands (PUCCH and PUSCH transmissions).
Proposal 19: A validity timer configured by the network for both satellite ephemeris data and Common TA defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.
Proposal 20: in case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.  
Proposal 21: upon receiving a signal from the UE that the UE’s validity timer will expire soon, the gNB either 
· Stops scheduling the UE in the uplink and broadcast ephemeris information and Common TA as planned via SIB.
· Provides UE-specific assistance signal including ephemeris information of the satellite, Common TA and potentially higher order derivatives of it.
Proposal 22: after having received UE-specific synchronization information or after having read the SIB again while having earlier informed the gNB on an oncoming validity timer expiration, the UE indicates to the gNB that it has maintained or re-established UL synchronization and that it has reset the validity timer.     
Proposal 23: The UEs are configured so that they can autonomously adjust the value of the validity timer based on a set of parameters.
· The default value of the validity timer is provided by the gBN.
· The UE adjusts its validity timer value based on a set of UE-specific parameters.


	MediaTek 
	Observation 5: A prediction time of 30 seconds with  maximum common delay error in the order of 1.Ts  and a prediction time of 30 seconds with  maximum delay error over the service link in the order of 1.Ts can be achieved. 
Proposal 4: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters

	CMCC
	Proposal 9: If the validity timer expires and if a UL transmission is scheduled, the UE drops the UL transmission due to uplink synchronization lost.
Proposal 10: If the validity timer expires and if UL transmission is not scheduled, UE may rebuild uplink synchronization via re-acquire the ephemeris, which depends on UE’s implementation.


	NEC
	Proposal 4. Introduce a validity duration configured by the network for Common TA indicates the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters.
Proposal 5. Introduce one validity duration that applies for both Common TA and satellite ephemeris data.
Proposal 6. The UE assumes that it has lost uplink synchronization if the validity timer expires.


	Xiaomi
	Proposal 3: The same validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris is applied for common TA.   


	Intel Corporation
	Proposal 3: 
· The following is supported for validity time
· Validity time for satellite ephemeris and Common TA are the same
· If UE doesn’t read the satellite ephemeris/Common TA within the validity duration it declares RLF
· There is no need for gNB to be aware of state of the validity at the UE


	NTT DOCOMO, INC.
	Observation 2: Under given requirement of maximum TA error, there is a tradeoff between the broadcast parameters and validity duration parameter ‘valid_duration’.
· Note: Validity duration indicates the time period during which the common TA parameters are valid and accurate TA satisfying TA error requirement can be obtained at the UE side. UE should not re-acquire or can skip re-acquiring new common TA parameters in a validity duration after an acquirement timing.
Observation 5: Non-uniform validity duration can reduce the TA error, which could be different from the validity duration for satellite ephemeris data for UE-specific TA estimation. Validity duration for common TA parameters can be updated after RRC connection was established.

Proposal 6: For common TA parameters, a validity duration separate from that for satellite ephemeris data can be indicated to UE, during which UE assumes common TA parameters are valid.


	Baicells
	Proposal 7-1: UE assumes that it has lost uplink synchronization if  the satellite ephemeris validity timer expires.
Proposal 7-2: Validity timer of Common TA is configured separately with that of satellite ephemeris. 


	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 4	UE shall clear configured UL resources and N_TA when a validity timer for ephemeris expires.


	ZTE
	Proposal 10: A validity timer can be defined for assistance information, e.g., common TA parameters and ephemeris data:
· The timer should be started/restarted when the updated assistance information is activated based on configured validity duration. 
· Upon expiry of timer, the UL synchronization is assumed to be lost.
Proposal 12: The activation time instant of validity duration for assistance information can be implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast.
Proposal 13: An index associated to the SIB delivering the assistance information is needed to enable the derivation of active time for assistance information.
Proposal 14: The validity duration length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period

	PANASONIC R&D Center Germany
	Proposal 7: In RRC_CONNECTED mode, on 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 8: Introduce the validity duration also for the Common TA to maintain UL synchronization in NTN. 


	InterDigital, Inc.
	Proposal-1: 	Support a same validity timer for both satellite ephemeris and common TA

	Ericsson
	Proposal 15	Use separate validity timers for serving satellite ephemeris and common TA if they are transmitted in different SIBs, otherwise use a single validity timer for both.
Proposal 16	The validity timer(s) should be started at the epoch time(s) of the satellite ephemeris and common TA.


	Apple
	Proposal 9: Common TA has a different validity duration from satellite ephemeris

	LG Electronics
	Observation 1. 
· It is desirable for the UE to read and receive the satellite ephemeris within the validity duration.
· If the UE fails to read the satellite ephemeris during the validity duration, the UE can determine that the existing satellite ephemeris is no longer valid and stop UE specific TA updating/reporting.

Proposal 6. Support independent validity durations for common TA and satellite ephemeris in Rel-17 NTN.
Proposal 10. Support independent validity durations for two different satellite ephemeris formats in Rel-17 NTN.



[bookmark: _Toc84786659]Company views
i. W.r.t NTN uplink sync Validity duration interpretation, and the associated UE behaviour if the UE does not read the ephemeris within the validity duration:
 [Oppo] highlights that it is important to clarify the RAN1 agreement which interpretation is a common understanding:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris:
· Interpretation 1: UE is not required to acquire new satellite ephemeris within the validity duration
· Interpretation 2: UE is required to acquire new satellite ephemeris within the validity duration.

To the moderator understanding, the UE assumes that it has lost uplink synchronization if new ephemeris data is not available within validity duration. That is, the UE is required to acquire new satellite ephemeris within the validity duration  (Interpretation 2).
[Thales, OPPO, CMCC, NEC, Intel (declare RLF), Baicells, FGI, Asia Pacific Telecom, III, ITRI, ZTE, PANASONIC]: When UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost
[Nokia]: in case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon. 
[Intel]: There is no need for gNB to be aware of state of the validity at the UE
 
ii. W.r.t Validity timer start/restart:
The validity timer(s) should be started/restarted:
· Epoch time reference: [Ericsson, ZTE, (MediaTek)]
· Every time NTN SIB read/UE acquires a new satellite ephemeris: [Spreadtrum, Oppo]
· Indicated by UE: [Nokia]

iii. Validity timer(s) for ephemeris / Common TA:
· Separate: Ericsson (if different SIB), Spreadtrum, NTT DoCoMo, LG, Apple
· Single: Thales, Huawei, HiSilicon (if carried within same SIB), Nokia, Nokia Shanghai Bell, Intel, Vivo, NEC, ZTE, Xiaomi, Apple, InterDigital, MediaTek, PANASONIC, Ericsson (if same SIB)

iv. Indication of The validity duration: 
[Thales, ZTE]: broadcast along with assistance information, coarse signalling granularity. 
[Nokia]: The default value of the validity timer is provided by the gNB


Base on the above discussion, the following initial proposals (6-1, 6-2, 6-3 and 6-4) are made:
Initial Proposal 6-1:
The UE assumes that it has lost uplink synchronization if new assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within validity duration.
Companies are encouraged to provide their comments and views on Initial Proposal 6-1:
	Companies
	Comments and Views

	ZTE
	Yes, as baseline assumption, we are supportive to this proposal

	Samsung
	Okay

	Nokia, Nokia Shanghai Bell
	In case new assistance information is not available within the validity duration, the UE assumes that it has lost UL synchronization (interpretation 2 above). When the validity timer is about to expire, the UE should inform the gNB that it will lose synchronization soon so that the gNB stops scheduling the UE or expecting UL feedback from the UE. It would be the responsibility of the gNB to provide satellite ephemeris information (or common TA related information) at a sufficient rate, but it would be the responsibility of the UE to ensure that such information is read before the associated timer expires. Expiry of validity timers should be an extremely rare case.

	LG
	Support

	NEC 
	Agree.

	Intel
	Note shall be added that UE shall reacquire SI (Common TA and ephemeris) before PRACH transmission in such event. 

	MediaTek
	Agree. This scenario is highly unlikely assuming the validity duration can be several minutes (this was shown to be the prediction error with 5 minutes prediction with position error of about 4 meters from NTN Control Center in Thales R1-2108720), the UE should have no issue re-acquiring the satellite ephemeris and common TA parameters if these are broadcast with say a periodicity in the order of 1 second

	Panasonic
	Support

	vivo
	Support

	Ericsson
	Support.

	Sony
	Yes – the network should broadcast new ephemeris information before the current ephemeris information becomes stale.

	CATT
	Support

	Xiaomi
	Support




Initial Proposal 6-2:
NTN uplink sync validity duration should be started/restarted at the epoch time of the assistance information (i.e. serving satellite ephemeris data/Common TA parameters) 

Companies are encouraged to provide their comments and views on Initial Proposal 6-2:
	Companies
	Comments and Views

	ZTE
	Agree 

	Samsung
	Okay

	Nokia, Nokia Shanghai Bell
	Agree. Moreover, the validity duration can be restarted in case the gNB provides UE-specific synchronization assistance information to the UE, which the UE receives before the validity timer expires.

	LG
	We prefer that NTN uplink sync validity duration should be started/restarted at the time when the UE acquires a new satellite ephemeris.

	NEC 
	Agree. 

	Intel
	OK

	MediaTek
	We agree with the intention. We proposed to clarify further the wording to align with RAN#106e agreement on implicit epoch time.
NTN uplink sync validity duration should be started/restarted at the epoch time implicitly known as a reference time of the assistance information (i.e. serving satellite ephemeris data/Common TA parameters)

	Panasonic
	Support

	vivo
	OK with the proposal.

	Ericsson
	Support.

	Sony
	Agree.

	CATT
	Agree

	Xiaomi
	Agree



Initial Proposal 6-3:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined if they are carried in the same system information. Otherwise, separate validity timers are defined if they are transmitted in different system information.

Companies are encouraged to provide their comments and views on Initial Proposal 6-3:
	Companies
	Comments and Views

	ZTE
	It should be indicated in the same SIB, at least for the initial indication. Otherwise, it will be useless to decode the common TA part only without information on the satellite ephemeris, especially the reference point for epoch time of common TA is defined at satellite side.

	Samsung
	We see a single duration is fine for all cases.

	Nokia, Nokia Shanghai Bell
	We think it would be sufficient to carry both common TA related information and serving satellite ephemeris information jointly, so it is sufficient to use a single validity timer for both satellite ephemeris data and Common TA.

	LG
	We prefer to support the separate validity duration for serving satellite ephemeris and common TA, since the appropriate update duration for common TA may be different from the appropriate update duration for satellite ephemeris.

	NEC
	Fine with the proposal. But it would be more sufficient to carry the common TA and satellite ephemeris in the same SIB. 

	Intel
	OK

	MediaTek
	The second sentence can be dropped. It seems to pre-empt RAN2 discussion and is not necessary. To our understand based on simulations, it is very possible to have prediction time for satellite ephemeris and common TA of same order. This would allow UE to read the SIB carrying this information at the same time and in a similar fashion, which anyway need to be broadcast once per second for initial access for a paged UE.

	Panasonic
	We don’t see the need for separate validity durations. The validity duration should be carried in the same SI. 

	vivo
	Fine with the proposal. But we think one single validity duration for both serving satellite ephemeris and common TA related parameters will be better. 

	QC
	Recommend to add the condition “if ephemeris and common TA related parameters are signalled in the same SIB message, “…

	Ericsson
	Support.

	Sony
	We need to discuss whether the same validity duration can be applied or not for Common TA at first.
If serving satellite ephemeris data and common TA are indicated in different SIB, validity timers should be separated as proposal.
If serving satellite ephemeris data and common TA are indicated in same SIB, validity timer could be same. However, validity timer of Common TA could be difference value from serving satellite ephemeris data considering feeder link switching.

	CATT
	Agree. But we think a single validity duration is favorable for UE implementation.

	Xiaomi
	Support, and we propose that the satellite ephemeris and common TA be carried in the same SIB to avoid frequent SIB acquisition. 



Initial Proposal 6-4:
For the indication of NTN uplink sync validity duration:
· Is it only broadcast within the SIB? 
· Can it be provided also using dedicated signalling when UE is RRC connected? e.g. if UE is not configured with common search space.
· Shall be configured per cell? Or per BWP? as different Subcarrier spacing have different target accuracy and thereby different required parameter update period
· Can a coarse signalling granularity be applied, e.g., a SIB period?

Companies are encouraged to provide their response in the following table- please elaborate:
	Companies
	Comments and Views

	ZTE
	1. We support to only broadcast in SIB to simplify the signaling design.
2. Validity duration can be broadcast along with common TA and ephemeris. If UE cannot obtain broadcast validity duration, it is also not able to obtain updated common TA and ephemeris. Therefore, it is no needed to separate indication of validity duration with common TA or ephemeris.
3. The configuration can be per cell. Even with largest SCS, the validity duration of common TA and ephemeris can be longer than 10s, which is long enough. Therefore, simply broadcast the validity duration based on highest supported numerology is enough.
4. Yes. With relatively coarse granularity, the signaling overhead can be saved without much impact on validity duration length.

	OPPO
	The validity duration is cell-specific and it should be broadcast to UE. While it can be provided to UE by dedicated RRC, e.g. handover command. 
The configuration is not needed to be per BWP. If the BWP SCS is the issue, it can be scaling up/down according to the SCS initial BWP vs. SCS active BWP. 
It is not needed to defined SIB period, the legacy system already defines a SI modification period. 

	Samsung
	We think the validity time is depending on the satellite, not in the UE or BWP specific manners. So, it is fine with only SIB and per cell.

	NTT DOCOMO, INC.
	Q1/2: Dedicated signalling can be considered when UE is RRC connected.
Q3: The validity duration could be configured per cell. As discussed in our contribution, non-uniform validity duration could be considered for better performance. Basically, the configuration of non-uniform validity duration is related to the relative position between satellite and gNB/GW, which could be related to the cell locations.

	Nokia, Nokia Shanghai Bell
	It is a bit unclear what is meant with NTN uplink sync validity duration, but as we understand it, the UE may assume itself as having uplink time synchronization when it is having (a) a validity timer (for serving satellite ephemeris information and common TA), and (b) the TA timer is running. We would expect the serving satellite ephemeris information to be provided as broadcast (SIB) information, meaning that the UE would need to monitor for SIB on a regular basis. Providing regular updates to the UE of the satellite ephemeris information would be a waste of bandwidth.

	LG
	In case of satellite switching, NW may provide the validity duration of up-coming satellite via RRC signalling.

	NEC
	Support to indicate the NTN uplink sync validity duration using both SIB and RRC singalling.  

	MediaTek
	1 and 2: Broadcast on SIB should be assumption. It is not clear why it should also be configured via dedicated signaling.
3 Validity duration should be cell-specific. Even assuming multiple beams per cell / BWP / SCS. The prediction time for satellite ephemeris / common TA parameters will not change significantly from one beam to the next based on analysis and simulations. 
4 Yes. This seems reasonable way to save signalling overhead.

	Panasonic
	1. Is it only broadcast within the SIB?
Yes
2. Can it be provided also using dedicated signalling when UE is RRC connected? e.g. if UE is not configured with common search space.
No
3. Shall be configured per cell? Or per BWP? as different Subcarrier spacing have different target accuracy and thereby different required parameter update period
per cell would be sufficient.
4. Can a coarse signalling granularity be applied, e.g., a SIB period?
Yes

	Ericsson
	It could be provided in SIB but using dedicated signalling should also be supported. It should be provided together with the serving satellite ephemeris/common delay parameters.
Configured per BWP. Coarse signalling is sufficient, in the order of 1 second.

	Sony
	Share OPPO’s view.

	CATT
	1. We think NTN uplink sync validity duration should be stable, and we support to broadcast in SIB to simplify the signaling design in general.
2. The validity duration can be provided to UE by dedicated RRC, but only in case UE is not configured with common search space, e.g. handover command. 
3. The configuration is not needed to be per BWP, but can be per cell. We think the validity timer should not be designed too complicated. If the timing target accuracy is different for SCS subcarrier, then it can be scaled up/down.
4. Yes, a coarse signalling granularity can be applied to save signalling overhead.

	Baicells
	Sync validity duration shall be configured per cell. It is broadcast within the SIB and can also be provided using dedicated signalling when UE is RRC connected, eg. in handover.
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[bookmark: _Toc84786662]Issue#7: Broadcasting the position of a reference point
RAN1 has discussed in RAN1#105-e the possibility to enable the direct broadcast of un-ciphered position of the NTN-Gateway or un-ciphered position of gNB as a potential backup solution for Uplink synchronization in NTN. 
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.
At RAN1#105-e an LS on broadcast of NTN GW or gNB position (refer to R1-2106332) was sent to TSG SA WG1, TSG SA WG3 with SA3-LI in Cc. RAN1 identified the following questions that need clarification from SA1 and SA3:
Question 1: Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted including any aspects related to accuracy of the position?
Question 2:  Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is possible to be derived by the UE with assistance information from the network including any aspects related to accuracy of the position?
Regarding Issue#8 these proposals were submitted to RAN1#106-bis-e:
	Companies
	Proposals

	OPPO
	Observation 2: a delay between a virtual RP position and the NTN satellite is a time shifted delay of the one between the actual RP position and the NTN satellite. The delay tracking accuracy using a virtual RP position is better than those using common TA, common TA drift rate and second order derivative. 
Observation 3: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed. 
Observation 4: Feeder link delay tracking using a virtual RP position can significantly reduce the signaling overhead. 

Proposal 1: for common TA estimation, support network providing a virtual RP position and a time shift. The UE estimates the common TA based on ephemeris, the virtual RP position and the time shift.


	Nokia, Nokia Shanghai Bell
	Observation 7: By using the satellite ephemeris information and Common TA, the UE may be able to roughly estimate the NTN-GW/gNB position.
Proposal 8: Wait for SA3 response to the LS on broadcast of NTN GW or gNB position before discussing further in RAN1.


	CMCC
	Observation 4: Broadcasting the position of a reference point of the feeder link (GW or gNB position) is beneficial to simplify the time compensation procedures and reduce signaling overhead for frequent update of .
Observation 5: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 6: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 11: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.


	Baicells
	Observation 2: If the position of the gNB and a semi-static TA compensated by network are indicated, UE can calculate TA_common autonomously, eliminating the need for frequent updates, and make the issue of signaling overhead and aging problem easy to solve.
Proposal 2: The network indicates gNB’s position , and the UE calculate common TA autonomously.
Proposal 8-1: The network provides indication about the position of the gNB.
Proposal 8-2: Broadcast the distance between the reference point and gNB  (or TA compensated by the network) . 


	Ericsson
	Observation 12	If the position of a reference point of the feeder link and the UL and DL carrier frequencies of the feeder link are signaled 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.
Proposal 14	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: _Toc84786663]Company views
[CMCC, Ericsson, OPPO, Baicells ] support broadcasting the position of a reference point with certain artificial bias [CMCC] or as virtual RP position arbitrarily located [OPPO].
[Oppo] made the following observation: network providing a virtual RP position does not cause any security issue as the actual RP position is not disclosed.
In Moderator’s view, the group needs still to wait for the answers for SA3 to the questions about the security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted. 
The following is Reply LS  from SA1that can be found in [R1-2108699] :
	[R1-2108699 - Reply LS on broadcast of NTN GW or gNB position]
Source: SA1
SA1 thanks RAN1 for the LS. SA1 have the following answers to the 2 questions.
Question 1: Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is broadcasted including any aspects related to accuracy of the position?
SA1 have not reviewed laws and regulations in all regions. Based on some identified regulations, telecommunication network elements, including gNBs, can be considered as infrastructure which may require certain protected measures (ref: China’s 2016 Cybersecurity Law[footnoteRef:1]; European Electronic Communications Code EECC[footnoteRef:2]). These regulations include (amongst other aspects) requirements on preserving the physical security of network infrastructure, which may not differ between NTN GW/gNBs and non-NTN gNBs or gateways.  Based on the understanding of the regulations, SA1 recommends that SA3 analyse the security implications of distributing information that may be used to calculate the approximate physical location of the NTN-GW/gNB. [1:  	2016 Cybersecurity Law https://www.chinalawtranslate.com/en/2016-cybersecurity-law/;
中华人民共和国网络安全法 http://www.cac.gov.cn/2016-11/07/c_1119867116.htm]  [2:  	5G Supplement - to the Guideline on Security Measures under the EECC https://www.enisa.europa.eu/publications/5g-supplement-security-measures-under-eecc] 

Question 2:  Is there any security/regulatory aspect that needs to be taken into account if the NTN-GW/gNB position is possible to be derived by the UE with assistance information from the network including any aspects related to accuracy of the position?
Based on the understanding of the regulations, SA1 recommends that SA3 further analyse the security implications of distributing assistance information from the network that may be used to calculate the approximate physical location of the NTN-GW/gNB.





FL Recommendation 7: 
RAN1 to discuss Issue#7 after SA3 response to the LS on broadcast of NTN GW or gNB position.

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

	ZTE
	Although no statement has been provided  by SA, based on the current reply, it seems that the risk is clear since the GW/gNB is important physical entity. 
We are fine with FL’s proposal.

	OPPO
	We wonder if the GW position is a very coarse position, whether we still need a response from SA3 before making any decision. 

	Samsung
	Fine.

	NTT DOCOMO, INC.
	Agree with FL recommendation.

	Nokia, Nokia Shanghai Bell
	We are fine with waiting for the SA3 response to the LS on broadcast of NTN GW or gNB position. 
However, NTN GW and gNB will not necessarily be co-located, hence knowing the location of the NTN GW would not directly provide knowledge of the delay between satellite and gNB to the UE. Hence, by reading the satellite ephemeris information and Common TA as provided by SIB multiple times, the UE should be able to estimate the NTN GW/gNB position.

	LG
	Agree

	NEC
	Agree. 

	MediaTek
	Agree

	Vivo
	Agree.

	Ericsson
	Agree.

	Sony
	Support.

	CATT
	Agree

	Baicells
	Agree

	Xiaomi	
	Agree



[bookmark: _Toc84786664]Updated proposal based on company views (First round of email discussions)

[bookmark: _Toc84786665]Issue#8: 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: _Toc84786666][bookmark: _Toc69116329][bookmark: _Toc26620959][bookmark: _Toc30079771][TR38.821] :
[bookmark: _Toc84786667]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.



This issue was discussed in RAN1#104-bis-e and RAN1#105-e the detail on signalling is still remained to be discussed.
Several companies shared the view that a common signalling for both earth-fixed and earth-moving cells is preferred. 
It means that for both earth-fixed and earth-moving cells the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE.

The most challenging case is the Earth-fixed cell: In this case if DL frequency compensation for the service link Doppler is applied, gNB needs to periodically update and broadcast the DL pre-compensated frequency offset (FO). This pre-compensated  FO is time-varying in case of Earth fixed cell.

The pre-compensated  FO will be used by the UE to perform its own estimation of the residual Doppler experienced on the DL. The UE needs to know this residual Doppler to be able to generate  UL frequency carrier for its uplink transmission. Any residual error will lead to a UE transmit frequency error twice in the uplink.

In RAN1#105-e meeting the following FL recommendation was made:
	Companies are encouraged to study the pro and cons of support of  Common DL frequency compensation for the service link Doppler. By taking into account the impact on the UE, gNB and the signalling overhead especially in case of  the Earth fixed cell.
· Is support of  Common DL frequency compensation for the service link Doppler beneficial and needed?
· Companies are encouraged to provide simulations on the benefits of support of  Common DL frequency compensation for the service link Doppler:
Note: the performance evaluation on the DL synchronization performance is conducted during the SI. The corresponding results are summarized in [R1-1909479]. But it seems that they do not clearly show the necessity  of support of  Common DL frequency compensation for the service link Doppler
· What would be the reasonable Way forward?
· WF1: Similar to Earth moving cell, the amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 

Note: In this case , the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. every 2.3 seconds. Which make this is WF questionable.

· WF 2:  Indicate 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. 

Note: The UE will assume that the pre-compensation changes continuously with time. Thereby,  the gNB DL frequency needs to be periodically updated so that the deviation between the UE self-calculated DL pre-compensation (based on indicated beam-specific ECEF co-ordinates and Satellite ephemeris) and actual pre-compensation remains within a defined threshold e.g. 10% of 0.1PPM.

WF3: deprioritize support of DL frequency compensation for the service link Doppler in Release 17.




The issue was further discussed during RAN1#106-e. But not agreement was made. Support of DL frequency compensation for the service link Doppler is still an open issue. The following FL recommendation was made:
FL recommendation: For the next RAN1’s meeting, proponents are encouraged to provide more details on the solution, signalling design …if common DL frequency compensation is supported.
If common DL frequency compensation is not supported, as pointed out by some companies the main concern is that the frequency hypotheses tests during initial SSB search could be increased and it could be at low frequencies the UE may not know what the absolute value of ARFCN is if it synchronized in the neighbor channel raster grid. Companies are encouraged to discuss other solutions to be considered in this case .e.g. the feasibility to adapt the channel raster to the much enlarged space search.

Companies proposals regarding Issue#8 are collected in the following table:

	Companies
	Proposals

	THALES
	Observation 5. If DL frequency compensation for the service link Doppler is supported, in case of Earth-fixed cell, the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters.

Observation 6. At least 19 bits are needed to indicate the amount of frequency compensation and associated drift rate.

Proposal 8:
 Deprioritize support of DL frequency compensation for the service link Doppler in Release 17.


	Huawei, HiSilicon
	Observation 6: With the information of frequency pre-compensation on DL, the frequency offset at the gNB of UL reception will be minimized.
Observation 7: DL detection complexity can be largely reduced with DL frequency pre-compensation.
Proposal 8: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.


	Spreadtrum Communications
	Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE

	Nokia, Nokia Shanghai Bell
	Observation 15: For earth-moving cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell is constant over time.
Observation 16: For earth-fixed cells the common frequency offset caused by Doppler shift on the service link as observed at a reference location in the cell changes with time.

Proposal 24: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 25: The amount of common frequency pre-compensation in downlink in a cell shall be indicated to the UE and thereby be used for determining the amount of uplink frequency pre-compensation. 
Proposal 26: A common signaling as part of the SIB should be used to indicate the amount of applied frequency pre-compensation in downlink for both earth-moving and earth-fixed cells. 


	MediaTek
	Observation 6: The degradation due to Feeder Link delay drift is not marginal for initial access. 

Observation 7: For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.

Observation 8: There are significant benefits if DL frequency compensation for the service link Doppler is not supported:
· High update rate of DL common frequency parameters NTN SIB by UE is not needed.
· Doppler Frequency shift discontinuity when switching the beam is avoided if DL common frequency compensation is not applied, which greatly simplifies AFC implementation for frequency tracking, cell search and cell measurement.
· Signalling overhead and complexity for indication of common Doppler shift pre-compensation for earth-moving bemas and earth-fixed beams.

Observation 9: The UE can determine the DL ARFCN by using its GNSS-acquired location and satellite ephemeris to calculate the Doppler Frequency Shift (DFS) corresponding to the satellite Doppler shift and subtracting it from the DL carrier frequency it synchronized to during initial access.

Proposal 6: DL frequency compensation for the service link Doppler is not supported.


	Xiaomi
	Proposal 4: Pre-compensation value for DL frequency should be indicated by network.


	Intel Corporation
	Proposal 2: 
· For GEO or non-GEO with earth-moving beams, common Doppler pre-compensation for DL may be indicated in SIB
· Granularity of SSB SCS is used
· It is not expected by the UE that value of common Doppler pre-compensation is changed during connection time
· For earth-fixed beams (non-GEO), information about time-varying common Doppler pre-compensation for DL can be indicated in SIB
· Location of reference point for DL frequency compensation can be used
· It is not expected by the UE that the location of the reference point is changed during connection time


	Baicells
	Proposal 9:  Discuss DL common frequency pre-compensation on SSB and PDSCH/PDCCH separately.


	ZTE
	Proposal 15: With consideration on the limited time, it is recommended to deprioritize support of common DL frequency compensation for the service link Doppler shift in Rel-17.


	PANASONIC R&D Center Germany
	Proposal 9: Support the indication of the frequency offset that the UE shall apply for uplink transmissions at least for Earth moving cells. The offset is up to the network implementation and can comprise both DL pre-compensation and UL post-compensation at the network. 
Proposal 10: For Earth-fixed cells, make use of the information on the reference location of the cell to perform common frequency pre-compensation.

	Ericsson
	Proposal 13	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

	Apple
	Proposal 10: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point. 
· For earth fixed cell, gNB indicates the GNSS location of the frequency reference point. 
· For earth moving cell, gNB indicates the value of frequency offset pre-compensated in downlink transmission. 




[bookmark: _Toc84786668]Companies views
Support of Common frequency compensation on DL service link:  [Huawei, HiSilicon, Spreadtrum Communications, Nokia, Nokia Shanghai Bell, Xiaomi, PANASONIC, Intel, Apple] 
Deprioritize support of DL common frequency compensation for the service link Doppler: [Thales, MediaTek, ZTE, Ericsson].
[MediaTek] observed that there are significant benefits if DL frequency compensation for the service link Doppler is not supported. [MediaTek] raised three main issues if DL frequency compensation for the service link Doppler is supported: 
1. Impact on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is applied by the network. Details can be found in [R1-2109169] and recopied hereafter.
2. Impact on Doppler shift discontinuity at the beam boundary if DL common frequency pre-compensation offset is applied by the network:
3. Impact on signaling if DL common frequency pre-compensation offset is applied by the network

	[MediaTek: R1-2109169]
The main issues are:

1. Impact on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is applied by the network:

Before receiving the NTN SIB with the indication of the DL common Doppler shift pre-compensation, the UE cannot track the delay drift over the service link if the received frequency has been pre-compensated by the DL common Doppler shift. This is because the DL frequency is shifted by the differential Doppler shift based on DL common Doppler shift pre-compensation, while the delay drift is based on the satellite movement regardless of whether the DL common Doppler shift is applied or not. In such case the UE cannot derive the right sampling rate for the DL signal using the DL frequency as a reference resulting in a delay drift rate of ±23 ppm. We include some analysis below to further describe this issue.


Satellite links impacts on DL signals transmitted by the gNB is illustrated in Figure 5:
· Doppler shift on the service link () which is a result of the service delay drift impact to the carrier frequency
· Satellite Common Doppler shift pre-compensation on the service link (-) if applied; zero otherwise. 
· Feeder link delay  and service link delay  
· Feeder link delay drift  and service link delay drift 

· Baseband signal:  a(t)
· Signal at the satellite: 
· Received signal UE:   
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Figure 5: Impact of moving satellite on UE signals transmitted by the UE


After Initial cell search UE is synchronized to the DL reference frequency  = 

The received signal in baseband is  

Since the UE does not know yet about the feeder link delay drift, the sampling frequency is generated based on   but assuming the nominal  
· / x 1/= / 
· Sampled signal: 

  DL common Doppler shift pre-compensation over service link is not applied by the network:

With dc = 0, we have ideal sampling result at UE with  

There is some marginal degradation of DL performance for PDSCH before SIB decoding with common TA parameters is indicated due to the delay drift term df. 
The distortion will lead to Demod SINR degradation, where 
 
Demod SINR = S/(I+Noise/Nrx)
Demod SNR degradation is small for low SNR  (~0.2dB degradation @ 0dB) as can be observed in Figure 6.

Observation 6: The degradation due to Feeder Link delay drift is not marginal for initial access. 

Observation 7: For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.
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Figure 6: Impact of moving satellite on gNB signals transmitted by the UE with df.


DL common Doppler shift pre-compensation over service link is applied by the network:

With dc ≠ 0, we have non ideal sampling result at UE with  

In case DL common Doppler shift pre-compensation is applied, during initial stage of DL synchronization before DL Common Doppler shift pre-compensation are indicated, there can be issue with DL synchronization due to the delay to the delay drift term dc. It is preferable if dc = 0, which can be achieved simply by not supporting the DL common Doppler shift pre-compensation. If applied still, then it is better if indication of related parameters are provided as early as can be during initial cell search and DL synchronization 

Note that there is similar issue with the delay drift term over the feeder link df. In case reference point is at the satellite, df can be assumed to be zero. In that case we get  . 

With 48ppm drift, the degradation is more significant due to the delay drift term over the feeder link, df, and the delay drift term due to the DL common Doppler shift compensation dc as shown in Figures 7 and 8. It is NRB=48 : 0.9dB@SNR=0dB and NRB=96 : 2.6dB@SNR=0dB
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Figure 7: Impact of moving satellite on UE signals transmitted by the UE with df and dc, NRB=48.
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Figure 8: Impact of moving satellite on UE signals transmitted by the UE with df and dc, NRB=96.




Moderator holds the view that although this feature may have some benefits (reduce the frequency hypotheses tests during initial SSB search), it will come with some drawbacks/constraints, especially in case of Earth-fixed cell. To the moderator, this is not an essential feature and RAN1 can conclude common DL frequency compensation is not supported in NTN Release.17.
But we may (re)discuss first the drawbacks/constraints if the feature is supported and discuss if there can be an issue on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is applied by the network as raised by MediaTek.
The Initial Proposal 8 is made as follows:
Initial Proposal 8:
Question 1: Is it companies understanding that there can be an issue/impact on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is applied by the network?
Question 2: Is it companies understanding that DL synchronization is possible without DL pre-compensation (as SI concluded)?

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

	ZTE
	Regarding the Q2, as concluded in SI, there is possibility to enable the network without DL pre-compensation but the following-up performance on MIB/SIB demodulation has not been fully investigated.
For the Q1: it’s up to the UE’s design on frequency tracking.

	NTT DOCOMO, INC.
	For Q1: There could be slightly impact on DL synchronization and demodulation performance when DL common frequency pre-compensation offset is applied by the network, but whether it is negligible still need discussion.
For Q2:  Yes, UE is capable of performing frequency compensation without DL pre-compensation by the network, while additional complexity is needed to achieve robust performance on synchronization.

	Nokia, Nokia Shanghai Bell
	We believe that the issues/impact on DL synchronization may be larger in case a DL common frequency offset is not pre-compensated. Large frequency offsets will shift the signal by multiples of SCS and force the UEs to perform multiple hypothesis and exhaustive search to detect the SSB. Moreover, the frequency discontinuity when switching satellite will be large in case of no DL pre-compensation, and even larger than the one in case of beam switch in case of DL pre-compensation.
In case DL frequency pre-compensation is applied, the amount of pre-compensation must be signalled to the UE in the same way for earth-fixed and earth-moving cells.

	MediaTek
	Q1: Yes, the impact are (i) impact on AFC convergence / packet interruption due to Doppler shift discontinuity at the beam boundary; (ii) impact on SNIR for DL demodulation performance of delay drift term added by the common Doppler shift pre-compensation. This would make UE implementation for DL synchronization more challenging. 
Q2: Yes, this can be done by UE implementation. If no DL common frequency applied, the UE may synchronize to the neighbor raster, but still use the DL signal to generate its sampling rate. This removes the delay drift from service link. The UE can receive the SIB with satellite ephemeris and common TA parameters and remove the impact of service link Doppler shift and feeder link delay drift to achieve near ideal sampling rate in implementation. This is a reasonable complexity for the UE implementation.   

	Panasonic
	Q2: DL synchronization may be possible without DL pre-compensation, but it would cause a significant delay of DL synchronization. 

	Ericsson
	Q1: Yes.
Q2: Yes.

	CATT
	Q1 should be revised the following description:
Question 1: Is it companies understanding that there can be an issue/impact on DL Synchronization and DL demodulation performance if DL common frequency pre-compensation offset is not applied by the network?
For the Q1: it will increase the process burden for UE.
For the Q2: It is possible without DL pre-compensation on DL synchronization, but it will increase the processing burden for UE. We prefer to indicate the DL common frequency pre-compensation offset. 




[bookmark: _Toc84786669]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc84786670]Updated proposal based on company views (2nd round of email discussions)
[bookmark: _Toc84786671]Issue#9: 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: _Toc84786672][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.



Since 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 at RAN1#106-e:
	FL Recommendation:
On the need/support of Closed-loop UL frequency compensation in NTN, proponents are encouraged to have offline discussions with other companies.



Closed-loop frequency control was discussed within 4contributions submitted to RAN1#106-bis-e:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 9: For GNSS UE, closed-loop UL frequency compensation is not needed.


	Spreadtrum Communications
	Proposal 5: Close control loop for UL frequency alignment is not needed.


	Nokia, Nokia Shanghai Bell
	Observation 17: UE-specific closed-loop transmit frequency control for RRC connected mode may ensure UE frequency alignment for UL transmission in case of UE GNSS loss.
Proposal 27: Study whether UE-specific closed-loop transmit frequency control for RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.

	Samsung
	Proposal 10: The gNB indicates the additional UL frequency offset value for the pre-compensation at UE side.


	Baicells
	Proposal 11: Closed-loop UL frequency compensation is not supported in NTN Release.17.


	Qualcomm
	Proposal 2: Support closed-loop frequency control commands by MAC-CE.
Proposal 3: Consider group-common DCI for UL time and frequency control.



[bookmark: _Toc84786673]Companies views
On Issue#9, the situation does not change much since last meeting:
Closed-loop UL frequency compensation is not needed according to [Huawei, Spreadtrum, Baicells]
According to [Qualcomm]  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, Nokia Shanghai Bell] proposed to further study whether closed-loop control for UEs in RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.
In  Moderator’s view with GNSS capability, there is no need for closed control loop as long as the UE pre-compensation of Doppler shift is done with sufficient accuracy: Release 17 GNSS equipped UEs shall pre-compensate the Doppler shift with sufficient accuracy to satisfy the frequency synchronization requirements defined by RAN4 for both initial access and RRC connected state. Moreover, additional frequency error from “NTN-Payload + Feederlink + NTN-GW” is expected to be negligible compared to the ±0.1ppm UE frequency error requirement as per RAN4 reply to RAN1 LS on NTN UL time and frequency synchronization requirements (refer to R4-2108648). And as per RAN1#105-e agreement the Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.
The Moderator holds the view that this feature is not essential and it may require a lot of specification work and by considering the limited remaining TUs the reasonable way forward is to not support this feature in Release 17.
The FL recommendation is made as follows:
Initial Proposal 9:
Proponents are encouraged to further justify the need/support of Closed-loop UL frequency compensation in NTN.
Companies are invited to provide their comments in the following table:
	Companies
	Comments and Views

	ZTE
	No need

	Samsung
	In order to compensate the residual frequency offset, we also see the necessity of closed loop UL frequency compensation. It would be similar to TA mechanism, e.g., gNB indicates the change of UL frequency offset to the UE.

	NTT DOCOMO, INC.
	Not needed.

	Nokia, Nokia Shanghai Bell
	In case of GNSS loss, the UE will have difficulties to acquire and maintain UL frequency synchronization. Therefore, UE-specific closed-loop transmit frequency control for RRC connected mode may be beneficial to ensure UL frequency alignment and avoid the raise of inter-carrier interference between multiple UEs’ transmissions at the receiver end.

	Spreadtrum
	No need.

	MediaTek
	This can be de-prioritzed.

	Panasonic
	Support. Keep closed-loop UL frequency on the agenda but at a low priority.

	Ericsson
	Ok.

	CATT
	No need



[bookmark: _Toc84786674]Updated proposal based on company views (First round of email discussions)
[bookmark: _Toc84786675]Updated proposal based on company views (Second round of email discussions)

[bookmark: _Toc84786676]Issue#10: Serving satellite ephemeris format bit allocations
In RAN1#104-bis-e, the following agreement was made:
	Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in 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 impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported




RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #105-e:
	Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements



The field size for each ephemeris parameter is till FFS. Ti was further discussed in RAN1#106-e but no agreement was made. The follwoing FL recommendation was made:
FL recommendation : RAN1 to discuss serving satellite ephemeris bit allocations in the next RAN1 meeting, and hopefully agree on WA on the field size for the different ephemeris parameters that can be revisited/updated after RAN4 response to the LS on timing synchronization requirements. 

On Issue#10, the following proposals were submitted to RAN1#106-bis-e:
	Companies
	proposals

	THALES
	Proposal 9:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]


	Huawei, HiSilicon




	Proposal 10: The orbital satellite ephemeris is based Keplerian orbit elements as defined below

	
	a
	E
	ω
	Ω
	I
	M0

	Number of bits
	33
	19
	24
	21
	20
	24

	Range
	[6500, 43000]km
	[0,0.015]
	[0,2π]
	[-180, +180]
	[, ]
	[0,2π]



Proposal 12: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information. 


	Nokia, Nokia Shanghai Bell
	Observation 19: The currently agreed list of Set2 ephemeris parameters are not sufficient for the UE to determine the current exact location of the satellite along an orbit.
Observation 20: The update rate at which the Set1 satellite ephemeris location information is available at the UEs, combined with the UE GNNS location accuracy, is a critical factor in the overall achievable location accuracy, and the RAN1 mechanisms depending on it.
Proposal 29: Include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.
Proposal 30: The Set1 and Set2 satellite ephemeris data may have different update rates.


	MediaTek
	Proposal 7: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 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


	CATT
	Proposal 6: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.   

	Baicells
	Proposal 12: FFS the field size for each ephemeris parameter.

	ZTE
	Proposal 16: Allocate different number of bits for different network type, at least for HAPS.
Proposal 17: Use relative position in PV indication to reduce payload in SIB, at least for HAPS
Proposal 18: UE can be assumed to know the accessing network type without extra signallings, at least for HAPS.
Proposal 19: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as pre-provisioned reference ephemeris 
· Use delta correction in the form of PV.


	InterDigital, Inc.
	Proposal-2:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-3:	State vector is used for GEO/HAPS and orbital elements is used for LEO.


	Apple
	Proposal 11: For satellite ephemeris state vectors parameters, the granularity is 1.3 m for position parameters and the granularity is 0.06 m/s for velocity parameters; The field size of each position parameter is 26 bits and the field size of each velocity parameter is 18 bits. 
· The velocity parameters are not used for GEO satellite. 
· The conclusion can be revisited once receiving further RAN4 response on the uplink timing synchronization requirements. 


	Qualcomm
	Observation 3: The altitude of many satellites relative to the earth center varies much slower than the ECEF coordinates and can be signaled separately from the ECEF coordinates. When the altitude is known, only two ECEF coordinates need to be signaled. 

Proposal 4: For PVT ephemeris, consider signaling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates.
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Companies [MediaTek, Huawei, HiSilicon, Thales] proposed bit allocation for satellite ephemeris: 

[Huawei, HiSilicon ] Signaling overhead and dynamic range of Keplerian orbit elements:
	[Huawei, HiSilicon, R1-2108748]:
For quantization error analysis, the dynamic range and signaling overhead of each Keplerian orbit element is given in Table 2. For semi-major axis, the dynamic range [6500, 43000] km could cover all the LEOs, MEOs and GEOs. For eccentricity, the dynamic range [0, 0.015] is suitable for satellites operating in near circular orbit. The orbit propagator input quantization noise is defined by the allocated bits number for each element. 
Table 2 Signaling overhead and dynamic range of Keplerian orbit elements
	
	a
	E
	ω
	Ω
	I
	M0

	Bit allocation
	33bit
	19bits
	24bits
	21bits
	20bits
	24bits

	Range
	[6500, 43000]km
	[0,0.015]
	[0,2π]
	[-180, +180]
	[, ]
	[0,2π]






[MediaTek] proposed to broadcast ephemeris data in 16 bytes payload in case of Position and velocity state vector ephemeris format  and in 18 byte payload in case of orbital parameter ephemeris format.
	[MediaTek- R1-2109169]
Payload of Position and velocity state vector ephemeris format: 
It was observed via simulations that a SIB overhead for satellite position {SX, SY, SZ} and velocity {VX, VY, VZ} ephemeris of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 3.  
Table 3: Payload of Position and velocity state vector ephemeris format.
	Position and Velocity Ephemeris
	Resolution
	#bits
	Resolution
	#bits

	Satellite Location (Range  ≤ ±43000 km)
	0.33m 
	3*28=84 
	1.3m 
	3*26=78 

	Satellite Velocity  (Range ≤ ±8 km/s)
	0.015 m/s 
	3*20=60 
	0.06 m/s 
	3*18=54 

	Payload
	18 bytes
	16 bytes



Payload of Orbital parameter ephemeris format: 
It was observed via simulations that a SIB overhead for orbital parameters of 16 bytes are sufficient to allow accurate prediction of satellite delay and Doppler shift as shown in Table 4.  
Table 4: Payload of orbital parameter ephemeris format.
	Orbital ephemeris
	α
	e
	ω
	Ω
	I
	Mo

	Bit allocation
	26 bits
	19 bits
	24 bits
	18 bits
	17 bits
	24 bits

	Range  
	±43000 km
	≤ 0.015
	[0, 2π]
	[-180o , +180o]
	[-90o  , +90o ]
	[0, 2π]

	Payload
	~18 bytes






[Apple] made the following analysis:
	[Apple- R1-2110032]
The field size for each parameter was discussed in RAN1 #106-e meeting. It was proposed [2] that in state vector format, the quantization step for position is 1.3 m and the quantization step for velocity is 0.06 m/s. The position error of 1.3 m results in about 8.7 ns (or ) on UE uplink transmission timing error. Consider the timing error requirement  [7], the position error of 1.3 m from satellite ephemeris is acceptable. If the validity duration of satellite ephemeris configured by network is about 20 seconds, then the velocity error of 0.06 m/s results in about 1.2 m position error, which is also acceptable. 
The value range of ECEF position vectors could be bounded by GEO scenario. Specifically, each of () has value range +/- 43000 km. Hence, the number of bits allocated for each of (x, y, z) is calculated by , which can be represented by 26 bits. 
The value range of ECEF velocity vectors could be bounded by LEO scenario. Specifically, each of () has value range +/- 8 km/s. Hence, the number of bits allocated for each of () is calculated by , which can be represented by 18 bits. Note that the velocity vectors are not necessary for GEO satellite. 
Based on the reply LS from RAN4 [8] with conclusions on ,  and , we think the granularity of 1.3 m for position parameters and the granularity of 0.06 m/s for velocity parameters are generally fine. But as mentioned in the reply LS [8], the values of X1-X3, Y1-Y3, Z1-Z3 are still open. In case further response from RAN4 on the uplink timing synchronization requirements is received, then we could revise the design. 




To reduce the signalling overhead : [Qualcomm] proposed for the format based on state vectors, consider signalling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates. a bit saving of 26 bits on the mean absolute error and a bit saving of 28 bits on the maximum absolute error can be achieved without sacrificing the accuracy. 
[Nokia] proposed to include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.
[ZTE] observed  that it is a large waste to assume HAPS also allocate 17 bytes in SIB to represent ephemeris and proposed different number of bits for PV indication should be supported per network type, at least for HAPS.
Moderator holds the view that the following Working assumption could be a starting point to define the serving satellite ephemeris bit allocation. The group can revisit and update it if necessary .e.g. after receiving RAN4 response on timing synchronization requirements or further optimization solutions to reduce the signalling overhead are proposed and agreed: The field sizes, resolution and ranges are baseline that can be further optimized. It worth noting that, the required precisions for position and velocity of 1.3 m and 0.06 m/s respectively  are acceptable. 
Based on the proposals from different contributions, the following  working assumption is made. 
Initial Proposal 10:
Working assumption :
Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
FFS: Additional enhancement to optimize the signalling overhead.
FFS: Ephemeris format bit allocations for HAPS

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

	ZTE
	It fine to take this WA and it’s better to address the whole issue in this meeting.

	Samsung
	Okay

	Nokia, Nokia Shanghai Bell
	The true anomaly at epoch t0 (or equivalent) parameter should be also included as part of the Set2 parameters and considered as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters. 

	LG
	Support

	MediaTek
	Support

	Panasonic
	Support

	Ericsson
	Fine as a working assumption.

	CATT
	We are fine to have this WA.
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[bookmark: _GoBack]Updated Proposal 10:
Working assumption :
Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]
FFS: Additional enhancement to optimize the signalling overhead.
FFS: Ephemeris format bit allocations for HAPS
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The issue on serving satellite ephemeris Epoch time, implicit or explicit was discussed since RAN1#104-bis-e. 
We had very difficult discussions on this implicit epoch time during RAN1#106-e. Some companies [ Nokia and Ericsson] pointed that this implicit epoch time may create some additional complexity at gNB: We might need to have a tight alignment between explicit epoch time (as provided by the NCC) and SIB transmissions. Further, the gNB might need to have/or to be synchronized to a GNSS. As compromise, it was agreed that serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. 
The following agreement was made at RAN1#106-e :
Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network


The principle of the implicit epoch time for serving satellite ephemeris is shown in the Figure below:
[image: ]
· Step 1: On board GNSS-based measurements of the satellite position and velocity are made and dated.
· Step 2: The measurements are collected in the NTN Control Center (NCC) where the satellite Orbit Determination (OD) is performed.
· Step 3: The satellite OD is performed in the NCC. This operation can be more or less complex depending on the models considered, the quantity of measurements available and the algorithms used.
· Step 4: Satellite orbit prediction is performed and ephemeris data with explicit Epoch time is shared with GW and gNB. 
· Step 5: gNB broadcast the ephemeris data periodically. Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame. By considering the reference point for epoch time on the satellite (yet to be discussed in current meeting). The UE, based on its GNSS can estimate the ageing of ephemeris data corresponding to one way satellite-UE propagation delay.

On Issue#11, the following proposals were submitted to RAN1#106-bis-e:
	Companies
	proposals

	Huawei, HiSilicon
	Proposal 11: The serving satellite ephemeris epoch time is implicitly known as the starting time of the DL slot and/or frame carrying ephemeris.

	Spreadtrum Communications
	Proposal 8: Epoch time should be implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast.

	Nokia, Nokia Shanghai Bell
	Proposal 31: The starting time or reference time for satellite ephemeris information is provided as part of the ephemeris information by indicating the slot and SFN that the information is valid for.

	MediaTek
	Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe index and System Frame Number where NTN SIB is broadcast.


	Baicells
	Proposal 13: The starting time of a DL slot which carries satellite ephemeris data and  indicates the Epoch time is given by predefined rule.

	Sony
	Proposal 6: Support explicit configuration of ephemeris validity epoch time


	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 5	For Epoch time, the starting time of a DL slot and/or frame is given by predefined rule, or it is indicated by the Network.


	Ericsson
	Proposal 18	The epoch time of the serving satellite ephemeris is defined by the start of the Nth slot after the start of the SI window of the SI message containing the ephemeris, where N is optionally signaled with the ephemeris (otherwise 0).
Proposal 20	The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.
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Whether this starting time is given by predefined rule or it is indicated by the Network is still FFS. 
The following was proposed by companies to resolve this FFS:
· Option 1: [Huawei, HiSilicon, Spreadtrum, MediaTek]: The starting time of the DL slot and/or frame carrying ephemeris
· Option 2: [Ericsson]: Nth slot after start of SI window of SI message with ephemeris / common TA parameters: 
· Option 3: [Nokia, Nokia Shanghai Bell, Baircells, MediaTek, Thales ]: SFN and slot number (provided as part of the ephemeris information)
· Option 4: Indicated by network: FGI, Asia Pacific Telecom, III, ITRI, Sony (explicit configuration)

Option 1 is the same as option 2 when N=0. Both options proposed for the serving satellite epoch time reference to be Nth (N= 0 in case of option 2) slot after start of SI window of SI message carrying ephemeris. BUT, as already discussed under Issue#3, to the Moderator, it is not yet clear which SIB will be used to transmit Assistance information (Common TA related parameters, Ephemeris…) and not yet clear which System Information (SI) message will be used to carry this SIB. 
The Moderator shares the view that such assistance information is essential for initial access and thereby, ephemeris data should be carried within Minimum System Information (MSI), that is, SIB1 which contains information required for initial access. SIB1 is not transmitted within SI window and SIB1 is subject to repetitions which make it difficult to adopt the solution proposed by option 1 and Option2. Moreover, if the UE is not configured with a Common Search space within the active BWP, the assistance information (ephemeris data) might need to be indicated via dedicated signaling.
From Moderator perspective, if the SFN and sub-frame number (preferably use sub-frame as it provides an SCS agnostic time reference) are given to indicate the time ephemeris data is valid for, the ephemeris data can be repeated as shown in the figure hereafter. With option 1 and 2, the broadcast data cannot be repeated.

[image: ]


Furthermore, [Ericsson, Thales, MediaTek] observed that it is necessary to define a reference point for serving Ephemeris epoch time to make the epoch time unambiguous. The epoch time is then the time at which the slot start that defines the epoch is transmitted from the reference point. And  [Ericsson, Thales, MediaTek] proposed to use the satellite as reference point for serving satellite ephemeris epoch time.
Based on the views expressed in companies’ contributions, the Initial Proposals 11-1  and 11-2 are made as follows:
Initial Proposal 11-1:
One of following options is to be supported:
· Option 1: The serving satellite epoch time is set to be the Nth slot after start of SI window of SI message carrying common TA parameters
· N is optionally signaled with the ephemeris (otherwise 0).

· Option 2: Provide the serving satellite epoch time by indicating the SFN and the sub-frame number that the ephemeris data is valid for.

· FFS: Whether to use the same epoch time for Common TA and serving satellite ephemeris 

Companies are encouraged to provide their views on Initial Proposal 11-1 in the following table:
	Companies
	Comments and Views

	ZTE
	Regarding the tis issue, we prefer to take the same solution as commented for the common TA and prefer to take:
Option-3: The Common TA epoch time is set to be boundary of last DL slot carrying the SIB. 
For example, it can be the start or end of this slot. The restriction to the last slot is beneficial to ensure the valid time of indicated value, especially when the large repetition is used, e.g., in IoT case.
Moreover, same epoch time for both common TA and ephemeris can be considered if they are broadcast in same SIB. And in our view, it should be the case, especially when the reference point for both common TA parameter and satellite ephemeris is at the satellite transmitter.

	OPPO
	We think a simple option is the epoch time is set to the slot carrying the common TA parameters. We don’t see the motivation to complicate the design. 

	Samsung
	Option 2.

	Nokia, Nokia Shanghai Bell
	As already indicated in the GTW session, the main problem is that the gNB will have to establish a conversion from the external understanding of time (UTC) into the internal understanding of time (SFN, Slot (and potentially symbol)). We strongly prefer option 2 as it allows to generate such mapping between the two system’s understanding of time.
On the FFS: It might be beneficial that the group first discussed whether or not the Common TA related parameters and the serving satellite ephemeris information are transmitted together.

	LG
	The option 1 violates previous agreement that epoch time is indicated by implicit way. So, we prefer to support option 2.

	Spreadtrum
	We prefer that the serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.

	Panasonic
	The same solution as for the common TA should be employed.

	Ericsson
	The definitions of epoch time for Common TA and serving satellite ephemeris should be aligned. If Common TA and ephemeris are sent in the same SIB, the epoch time could also be the same.
It should be decided (in RAN2?) in which SIB/SI message the Common TA parameters are sent before concluding on this. The explicit signaling of SFN+subframe number is a drawback since it adds overhead. But it is a valid point that Common TA should be part of MSI. On the other hand, in RRC_CONNECTED, it is a drawback if SIB1 (which could be large?) must be read each time Common TA is re-acquired. Could it be a separate SIB from SIB1 but still part of MSI?
We suggest merging the discussions on epoch time for Common TA and serving satellite ephemeris.

	Sony
	Option 2

	CATT
	In order to reduce the signalling overhead, the epoch time can be linked to the slot carrying the ephemeris information. It is more like as ZTE option 3.
Moreover, same epoch time for both common TA and ephemeris can be considered if they are broadcast in same SIB. It is favorable for UE processing.



Initial Proposal 11-2:
The reference point for epoch time of the serving satellite ephemeris is the satellite transmitter

Companies are encouraged to provide their views on Initial Proposal 11-2 in the following table:
	Companies
	Comments and Views

	ZTE
	Agree 

	Samsung 
	It’s okay with the following modification.
The reference point for epoch time of the serving satellite ephemeris is the satellite transmitter

	Nokia, Nokia Shanghai Bell
	Translation from the understanding of time from the external system into the NR system’s understanding and provisioning of time is essential. Moreover, the gNB will receive the satellite ephemeris information from another system (the NTN control center), where the satellite’s position in space is provided along with the time by which it is valid. However, the NTN control center is out of control of the 3GPP system, and the gNB would not have any control of the arrival time of this information.
The gNB needs flexibility for mapping information of time from external systems (NTN control center) into the NR system’s understanding of time.

	LG
	The intention of this proposal is still unclear. So, we think further clarification should be necessary. 

	Spreadtrum
	Agree.

	Panasonic
	Support. 

	Ericsson
	Support.

	Sony
	Support

	CATT
	Agree

	Baicells
	Agree
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	RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #106-e:
Working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Agreement:
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· FFS: Associated UE behaviour if the UE does not read the ephemeris within the validity duration.
· FFS: Whether the same validity duration can be applied for Common TA.

Conclusion:
Indication of common post-compensation frequency offset for Uplink is not needed.
Agreement:
Confirm the working assumption on non-extension of TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.
Agreement:
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
Agreement:
In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, down-select one option from below:
· Option 1: PRACH transmission is delayed by 
· Option 2: TA margin can be considered and it is explicitly indicated to the UE
· Option 3: TA margin can be considered and it is included within the Common TA
· Option 4: UE handles it via implementation

Agreement:
· in NR NTN, NTA update based on TA Command  field in msg2/msgB and MAC CE TA command is used for UL timing alignment correction as follows:
· When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
 , FFS: the value of ,

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


RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #105-e:
Agreement:
Specifications should support delivery of ephemeris information using both ephemeris formats, i.e., state vectors and orbital elements.
Agreement:
RAN1 should send an LS to SA3, SA1 and possibly SA3-LI to get more inputs regarding the security/regulatory aspects if the NTN GW/gNB position is broadcast or possible to be derived by the UE with assistance information from the network, and on any aspects related to accuracy of the position.
Conclusion:
The Doppler shift over the feeder link and any transponder frequency error for both Downlink and Uplink is compensated by the GW and satellite-payload without any specification impacts in Release 17.

RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #104-bis-e:
 Agreement:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:

Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance. 

Note-1: Definition of  is different from that in RAN1#103-e 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 X as agreed in RAN1 #103-e.
Agreement:
Support serving-satellite ephemeris broadcast based on one or more of the following:
· Set 1: Satellite position and velocity state vectors: 
· position X,Y,Z in ECEF (m)  
· velocity VX,VY,VZ in ECEF (m/s)
· Set 2: At least the following parameters in 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 impact on signaling due to the required accuracy of serving-satellite ephemeris
· FFS: Whether down-selection is needed or both sets are supported

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.
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)
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	R1-2108720
	THALES
	Proposal 1: 
The Network may periodically broadcast:
· Common TA 
· Common TA drift rate 
· Second-order derivative of Common Delay drift

Proposal 2: 
The granularity of Common TA is equal to 64/2^μ*Tc
μ is the highest allowed numerology for the given Frequency Range
Proposal 3: 
The Network may periodically broadcast:
	in case of GEO based non-terrestrial access network:
	Common TA in a field of 26 bits 
	in case of LEO/MEO based non-terrestrial access network:
	Common TA in a field of 23 bits 
	Common TA drift rate in a field of 13 bits
	Common TA drift rate variation in a field of 6 bits
Proposal 4: 
The selection of the option to avoid that the UE over pre-compensates its TA during RACH procedure can be postponed discussion until the initial transmit timing error requirement is defined.
Proposal 5:
The UE assumes that it has lost uplink synchronization if new ephemeris data is not available within  validity duration.    
Proposal 6: 
a single validity timer (tnULSyncValidityDuration) is used for satellite ephemeris and common TA parameters.
Proposal 7:
ntnULSyncValidityDuration is broadcast within the SIB and can be provided using dedicated signaling.
Proposal 8:
 Deprioritize support of DL frequency compensation for the service link Doppler in Release 17.
Proposal 9:
· Position and velocity state vector ephemeris format [17 bytes payload]. 
· The field size for position [m]  is [78 bits]
· Position range is driven by GEO : +/- 42 200 km
· The quantization step is [1.3m] for position
· The field size for velocity [m/s] is [54 bits]
· Velocity range is driven by LEO@600 km: +/- 8000 m/s
· The quantization step is [0.06 m/s] for Velocity
· Orbital parameter ephemeris format [18 byte payload]
· Semi-major axis α [m] is [33 bits]
· Range: [6500, 43000]km
· Eccentricity e is [19 bits]
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is [24 bits] 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is [21 bits]
· Range: [-180o , +180o]
· Inclination i [rad] is [20 bits]
· Range: [-90o  , +90o ]
· Mean anomaly M [rad] at epoch time to is [24 bits]
· Range: [0, 2π]


	R1-2108748
	Huawei, HiSilicon
	Proposal 1: Common TA 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 2:  can have both positive and negative values corresponding to a reference point at feeder link and service link.
Proposal 3: The granularity of common TA is .
Proposal 4: The required number of bits for broadcasting common TA for LEO (600 km), LEO (1200 km), and GEO are respectively 22, 23 and 26 and the MSB indicate sign of common TA.
Proposal 5: Common TA is derived based on fitting function  where the fitting parameters a, b, c are indicated to the UE in SIB.
Proposal 6: To avoid that the UE over pre-compensates its TA during RACH procedure, a TA margin is included within common TA. 
Proposal 7: A single valid timer for both common TA related parameters and satellite ephemeris is defined if they are carried in the same system information.
Proposal 8: The indicate DL frequency pre-compensation is normalized to a predefined subcarrier spacing.
Proposal 9: For GNSS UE, closed-loop UL frequency compensation is not needed.
Proposal 10: The orbital satellite ephemeris is based Keplerian orbit elements as defined below
	
	a
	E
	ω
	Ω
	I
	M0

	Number of bits
	33
	19
	24
	21
	20
	24

	Range
	[6500, 43000]km
	[0,0.015]
	[0,2π]
	[-180, +180]
	[, ]
	[0,2π]


Proposal 11: The serving satellite ephemeris epoch time is implicitly known as the starting time of the DL slot and/or frame carrying ephemeris.
Proposal 12: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information. 


	R1-2108910
	Spreadtrum Communications
	Proposal 1: NTA, common should be expressed in the legacy granularity of Tc units.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: TA margin can be considered and it is included within the Common TA.
Proposal 4: The amount of frequency that has been pre-compensated in DL, relative to the nominal DL Tx frequency, shall be indicated to the UE. 
Proposal 5: Close control loop for UL frequency alignment is not needed.
Proposal 6: The validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
Proposal 7: Separate validity duration for satellite ephemeris data and Common TA need to be supported.
Proposal 8: Epoch time should be implicitly known as a reference time linked to DL slot where the SIB carrying satellite ephemeris is broadcast.



	R1-2108972
	vivo
	Proposal 1: Further discuss TA-margin issue after timing synchronization requirements are determined.
Proposal 2: The calculation of UE-specific TA is up to UE implementation.
Proposal 3: Defer common TA calculation discussion after common TA drift parameters are determined.
Proposal 4: Not support to change existing NTA update specified in Rel-15/16, considering the following aspects.
· When TAC (TA) is provided in msg2/msgB, UE receives the first adjustment and NTA is updated as follows:
3. , where TA is the TAC field in msg2/msgB.
· When TACs (TA) is provided by the MAC CE, NTA is updated as follows:
4. , where TA is the TAC field received in MAC CE command.
Proposal 5: Support single validity timer configured for both satellite ephemeris information and common TA.


	R1-2109077
	OPPO
	Proposal 1:TA margin is no longer needed to be discussed. 
Proposal 2: for TA margin, option 4: UE handles it via implementation can be adopted, which avoids further RAN1 discussions. 
Proposal 3: it is important to clarify the RAN1 agreement which interpretation is a common understanding
· A validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris.
· Interpretation 1: UE is not required to acquire new satellite ephemeris within the validity duration
· Interpretation 2: UE is required to acquire new satellite ephemeris within the validity duration. 

Proposal 4: When UE does not acquire any new satellite ephemeris within the validity duration, the UE shall declare an uplink synchronization lost and follow the legacy mechanism to re-establish the uplink synchronization. 
Proposal 5: When UE is required to acquire new satellite ephemeris within the validity duration, legacy system information update mechanism can be reused. 
Proposal 6: For UE who is not configured with common search space set in the active DL BWP, the satellite ephemeris update is via UE dedicated RRC signaling. 
Proposal 7: When UE acquires a new satellite ephemeris, the validity duration should be reset. 


	R1-2109165
	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: NTN systems must contain a fall-back conservative solution that allows UE to access the network in case of faulty or malfunctioning GNSS systems.
Proposal 3: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 4: The granularity of common TA should be .
Proposal 5: It should be left up to the gNB to decide whether and how often to broadcast the Common TA drift rate.
Proposal 6: If the TA drift rate is provided by the gNB, the quantization step size should be in the order of .
Proposal 7: Common TA drift rate variation indication is not supported.
Proposal 8: Wait for SA3 response to the LS on broadcast of NTN GW or gNB position before discussing further in RAN1.
Proposal 9: 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 10: For the timing advance command present in the Random Access Response (Msg2/Msg B) the value of the NTA,old is the value corresponding to NTA for the PRACH transmission, i.e., NTA,old = 0. 

Proposal 11: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the Common TA value (Option 3). In case the TA margin is handled via UE implementation (Option 4), the UE must still ensure that it fulfils RAN4 synchronization requirements.
Proposal 12: Confirm the working assumption on non-extension of  TAC 12-bit field in msg2 (or msgB) and that the UE follows the requirements on UL time pre-compensation for Msg1/MsgA transmission as defined by RAN4.
Proposal 13: The TAC value definitions for msg2/msgB remain the same as for NR in Rel.16.
Proposal 14: The update rate that the UE applies for both the UE-specific TA and Common TA should be such that the applied TA fulfilles the RAN4 time synchronization requirements.
Proposal 15: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
Proposal 16: For UE in RRC connected mode, in case closed loop TA control is used, open loop TA control should be applied only in a way that does not impact the stability and accuracy as provided by closed loop TA control.
Proposal 17: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
Proposal 18: the TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.
Proposal 19: A validity timer configured by the network for both satellite ephemeris data and Common TA defines the maximum time during which the UE can apply the satellite ephemeris and Common TA without having acquired new satellite ephemeris and Common TA parameters.
· This validity timer is restarted each time the UE correctly decodes new satellite ephemeris and Common TA information.
· The UE assumes that it has lost uplink synchronization if the timer expires.
Proposal 20: in case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.  
Proposal 21: upon receiving a signal from the UE that the UE’s validity timer will expire soon, the gNB either 
· Stops scheduling the UE in the uplink and broadcast ephemeris information and Common TA as planned via SIB.
· Provides UE-specific assistance signal including ephemeris information of the satellite, Common TA and potentially higher order derivatives of it.
Proposal 22: after having received UE-specific synchronization information or after having read the SIB again while having earlier informed the gNB on an oncoming validity timer expiration, the UE indicates to the gNB that it has maintained or re-established UL synchronization and that it has reset the validity timer.     
Proposal 23: The UEs are configured so that they can autonomously adjust the value of the validity timer based on a set of parameters.
· The default value of the validity timer is provided by the gBN.
· The UE adjusts its validity timer value based on a set of UE-specific parameters.
Proposal 24: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 25: The amount of common frequency pre-compensation in downlink in a cell shall be indicated to the UE and thereby be used for determining the amount of uplink frequency pre-compensation. 
Proposal 26: A common signaling as part of the SIB should be used to indicate the amount of applied frequency pre-compensation in downlink for both earth-moving and earth-fixed cells. 
Proposal 27: Study whether UE-specific closed-loop transmit frequency control for RRC connected mode should be enabled for UE frequency alignment in UL in case of GNSS loss.
Proposal 28: RAN1 to discuss whether information should be shared by cells which will help UEs synchronising to the next cell.
Proposal 29: Include at least the true anomaly at epoch t0 (or equivalent) parameter as part of the Set2 parameters and consider it as delta correction parameter which needs to be updated and signalled more frequently compared to the other Set2 parameters.
Proposal 30: The Set1 and Set2 satellite ephemeris data may have different update rates.
Proposal 31: The starting time or reference time for satellite ephemeris information is provided as part of the ephemeris information by indicating the slot and SFN that the information is valid for.


	R1-2109169
	MediaTek Inc.
	Proposal 1: If feeder link timing drift is to be compensated by UE using common TA parameters, the Network may periodically broadcast:
· Common delay 
· Common delay drift rate 
· Common delay drift rate variation 
· Common third order derivative 
Where 
  
· Common delay  is NTA,common  / 2
· Common delay drift rate is  NTA,common,drift, rate / 2
· Common delay drift rate variation is  NTA,common,drift,rate,variation  / 2 
· Common delay third order derivative is NTA,common,drift,thrird_order,derivative  / 2
Proposal 2: The granularity of Common TA is set to be 64⁄2^μ ∙T_c for LEO/MEO/GEO based non-terrestrial access network.
Proposal 3: How the UE calculates/update the NTA,common can be postponed discussion until the issue of what common TA parameters are indicated on NTN SIB is concluded.
Proposal 4: A single time alignment validity timer is configured by the network defines the maximum time during which the UE can apply the satellite ephemeris and common TA parameters without having acquired new satellite ephemeris or common TA parameters.
Proposal 5: For connected mode, the feeder link delay drift is indicated.
Proposal 6: DL frequency compensation for the service link Doppler is not supported.
Proposal 7: Support satellite ephemeris format bit allocations
· Position and velocity state vector ephemeris format (16 bytes payload). 
· The field size for position [m]  is 78 bits
· The field size for velocity [m/s] is 54 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

Proposal 8: Epoch time is implicitly known as a reference time linked to DL subframe index and System Frame Number where NTN SIB is broadcast.


	R1-2109221
	CATT
	Proposal 7: In order to save signaling overhead, common TA and common timing drift will be equal to 0 if not indicated. 
Proposal 8: Common TA should be greater than or equal to 0 if indicated.
Proposal 9: Support basic ephemeris information indication in SIB and finer ephemeris information indication in RRC signaling per on-demand requirement.   
Proposal 10: PRACH transmission should be delayed by , to avoid over-pre-compensation during RACH procedure.
Proposal 11: On the close-loop and open-TA combination, UE can stop autonomous TA compensation or subtract the accumulated TA compensated by autonomous TA compensation during the gap between two neighboring TAC commands.  
Proposal 12: Need the clarification that  should be set to zero in case that UE re-calculates the  based on new UE position and satellite position not relying on previous TA information. 


	R1-2109280
	CMCC
	Proposal 1: Confirm the following working assumption on feeder link timing drift handling.
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
Proposal 2: In addition to common TA, at least periodically broadcast common TA drift rate. FFS indication of common TA drift rate variation.
Proposal 3: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support option 3 (i.e., TA margin can be considered and it is included within the Common TA). TA margin should be transparent to the UE.
Proposal 4: In NTN, NTA for PRACH is defined as 0, and  in the procedure of NTA update based on TA Command field in msg2/msgB.
Proposal 5: For UE-specific TA () determination, the service link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is the corresponding DL service link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference, and  is the corresponding UL service link delay of the UL signal to which the UE applies the TA.
Proposal 6: For common TA () determination, the feeder link delays corresponding to UL and DL signals should both be considered, i.e.,

where  is corresponding the DL feeder link delay when UE receives the DL signal (e.g., DCI, MAC CE) in UE local time reference,  is the corresponding UL feeder link delay of the UL signal to which the UE applies the TA, and both  and  are derived from the common TA parameters.
Proposal 7: The legacy MAC CE TA command and the enhanced MAC CE TA command consists of  to be both supported, where,  indicates a delta TA, and indicates a TA drift rate.
Proposal 8: 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 9: If the validity timer expires and if a UL transmission is scheduled, the UE drops the UL transmission due to uplink synchronization lost.
Proposal 10: If the validity timer expires and if UL transmission is not scheduled, UE may rebuild uplink synchronization via re-acquire the ephemeris, which depends on UE’s implementation.
Proposal 11: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.


	R1-2109324
	Lenovo, Motorola Mobility
	Proposal 1: Support the granularity of to be same as granularity of TA command for both GEO and LEO/MEO scenario: .
Proposal 2: Study mechanisms to resolve the contradiction between open loop and close loop TA control. The mechanism can be to define a time instance to determine TAC in the MAC CE.
Proposal 3: Support indication of common timing offset drift rate and indication of drift rate variation.
Proposal 4: Support TA margin to be included in common TA to avoid over pre-compensation.

	R1-2109358
	NEC
	Proposal 1. The calculation of NTA, UE-specific can be left to UE implementation. 
Proposal 2. Discuss the calculation of NTA, Common after the decision of common TA parameters indicated by the network.
Proposal 3. In addition to common TA, the network shall periodically broadcast the Common TA drift rate. Standardation of other parameters is subject to RAN4 requirement.
Proposal 4. Introduce a validity duration configured by the network for Common TA indicates the maximum time during which the UE can apply the Common TA without having acquired new Common TA parameters.
Proposal 5. Introduce one validity duration that applies for both Common TA and satellite ephemeris data.
Proposal 6. The UE assumes that it has lost uplink synchronization if the validity timer expires.


	R1-2109410
	Xiaomi
	Proposal 1: Confirm the working assumption that common TA may include parameters(s) indicating timing drift and the UE will apply common TA according to the parameters provided by the network (if any).
Proposal 2: Support that common TA drift rate is indicated by network.
Proposal 3: The same validity duration configured by the network for satellite ephemeris data indicates the maximum time during which the UE can apply the satellite ephemeris without having acquired new satellite ephemeris is applied for common TA.   
Proposal 4: Pre-compensation value for DL frequency should be indicated by network.


	R1-2109487
	Samsung
	Proposal 1: For TAC (T_A) in msg2/msgB is received, .
Proposal 2: Each of the following options are supported based on the gNB configuration:
· Closed-loop TA control
· Open-loop TA control
· Combination of open&closed-loop TA control

Proposal 3: RAN1 sends an LS to RAN4 requesting that they take the possibility of TA overcompensation into account when setting requirements for random access preamble transmissions.
Proposal 4: Network can implicitly include TA margin relevant to Common TA overestimation within the Common TA.
Proposal 5: Handling of TA margin due to UE’s overestimation of UE-specific TA is left to UE implementation.
Proposal 6: 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 7: Multiple reference points and common TA values should be considered for extremely large cells
Proposal 8: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 9: 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 10: The gNB indicates the additional UL frequency offset value for the pre-compensation at UE side.


	R1-2109610
	Intel Corporation
	Proposal 1: 
· Support indication of the Common TA second order derivative
· Alternatively, broadcast of reference point for pre-compensation of feeder link delay can be considered to avoid frequent reconfiguration
· Support indication of Common TA at least with granularity of Rel. 15 TA indication
Observation 1: 
· Separate configuration for TA margin is not needed since it can be considered within common TA
Proposal 2: 
· For GEO or non-GEO with earth-moving beams, common Doppler pre-compensation for DL may be indicated in SIB
· Granularity of SSB SCS is used
· It is not expected by the UE that value of common Doppler pre-compensation is changed during connection time
· For earth-fixed beams (non-GEO), information about time-varying common Doppler pre-compensation for DL can be indicated in SIB
· Location of reference point for DL frequency compensation can be used
· It is not expected by the UE that the location of the reference point is changed during connection time
Proposal 3: 
· The following is supported for validity time
· Validity time for satellite ephemeris and Common TA are the same
· If UE doesn’t read the satellite ephemeris/Common TA within the validity duration it declares RLF
· There is no need for gNB to be aware of state of the validity at the UE


	R1-2109676
	NTT DOCOMO, INC.
	Proposal 1: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.
Proposal 2: Following common TA parameters can be indicated by the network:
· Common TA
· Common TA drift rate
· FFS: Higher order derivatives of common TA
Proposal 3: For small valid_duration less than 1 second, the granularity of Common TA parameters is set to the same as the granularity of NTA, . 
· Common TA: 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate: 7bits payload for SCS 15kHz, 10bits payload for SCS 120kHz
Proposal 4: For valid_duration larger than 1 second, different granularities can be used for multiple common TA parameters.
· Common TA with granularity : 15bits payload for SCS 15kHz, 18bits payload for SCS 120kHz
· Common TA drift rate with granularity : 9bits payload for SCS 15kHz, 12bits payload for SCS 120kHz
· Common TA drift variation rate with granularity : 5bits payload for SCS 15kHz, 8bits payload for SCS 120kHz
Proposal 5: Common TA parameters can be broadcasted in broadcasting information, e.g., SIB.
Proposal 6: For common TA parameters, a validity duration separate from that for satellite ephemeris data can be indicated to UE, during which UE assumes common TA parameters are valid.
Proposal 7: In NTN, to avoid that the UE over pre-compensates its TA during PRACH procedure, TA margin can be considered and it is included within the Common TA (i.e., Option 3 is preferred).
Proposal 8: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , where is the TAC field in msg2/msgB
Proposal 9: Independent combination of closed-loop and open-loop TA should be avoided. To reduce the timing error in RRC_CONNECTED, the revision of open-loop TA update methods, while maintaining the closed-loop TA control methods, should be considered.
Proposal 10: To reduce the error caused by the combination of common TA and N_TA, following options can be considered.
· Option 1: Configure small validity duration for common TA.
· Option 2: Revise the common TA update equation into gradual update equation, e.g., NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N, where N is an integer and (NTA, common_new – NTA,common_old)/N should be equal with or smaller than the step Tstep,common. 
Proposal 11: UE-specific TA update in RRC_CONNECTED state can be up to UE implementation.
· Note: The constraints on update step of UE-specific TA should be considered based on the definition by RAN4.
Proposal 12: Reference time of common TA parameters should be known by UE.
Proposal 13: The reference time of common TA parameters should be indicated to UE.
· Note: The reference time can be the starting time of a DL slot and/or frame.
· FFS: The relationship between the reference time of common TA parameters and satellite ephemeris data Epoch time.
Proposal 14: Support either WF1 with condition that the determined time scale for acquiring TA parameters in SIB is comparable with that for acquiring frequency offset parameters in SIB, or WF3.


	R1-2109764
	Baicells
	Proposal 1: UE compensates the feeder link timing drift.
Proposal 2: The network indicates gNB’s position , and the UE calculate common TA autonomously.
Proposal 4: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, PRACH transmission is delayed by .
Proposal 6:  For TA update in msg2/msgB, N_TA_old is the value of UE TA pre-compensation for PRACH transmission if  the PRACH detection window at the gNB keeps unchanged from Release16.
Proposal 7-1: UE assumes that it has lost uplink synchronization if  the satellite ephemeris validity timer expires.
Proposal 7-2: Validity timer of Common TA is configured separately with that of satellite ephemeris. 
Proposal 8-1: The network provides indication about the position of the gNB.
Proposal 8-2: Broadcast the distance between the reference point and gNB  (or TA compensated by the network) . 
Proposal 9:  Discuss DL common frequency pre-compensation on SSB and PDSCH/PDCCH separately.
Proposal 10: Indication of common post-compensation frequency offset for Uplink is not needed.
Proposal 11: Closed-loop UL frequency compensation is not supported in NTN Release.17.
Proposal 12: FFS the field size for each ephemeris parameter.
Proposal 13: The starting time of a DL slot which carries satellite ephemeris data and  indicates the Epoch time is given by predefined rule.


	R1-2109787
	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: Confirm the working assumption that common TA may include parameter(s) indicating timing drift.
Proposal 4: UE should update the common TA with timing drift for common TA when UE transmits uplink data.
Proposal 5: If feeder link timing drift is compensated by UE using Common TA parameters, the granularity of Common TA is set to be 64/2μ ∙Tc.
Proposal 6: Support explicit configuration of ephemeris validity epoch time


	R1-2109826
	FGI, Asia Pacific Telecom, III, ITRI
	Proposal 1	N_TA updates based on TA Command field in Absolute TAC MAC CE is used for UL timing alignment correction as follows: when TAC (T_A) in Absolute TAC MAC CE is received, UE receives the first adjustment and N_TA is updated as follows: N_TA = N_(TA, old) + T_A1664/, where T_A  is the TAC field in Absolute TAC MAC CE.
Proposal 2	Do not support N_(TA, old). If TA margin is supported, a new parameter or reusing common TA to indicate TA margin shall be considered.
Proposal 3	RAN1 shall study the N_TA value used for PRACH/MSGA transmissions if the TA timer is still running in RRC_CONNECTED.
Proposal 4	UE shall clear configured UL resources and N_TA when a validity timer for ephemeris expires.
Proposal 5	For Epoch time, the starting time of a DL slot and/or frame is given by predefined rule, or it is indicated by the Network.


	R1-2109844
	ZTE
	Proposal 1: Indication of the first and second order common TA drift rates should be supported along with common TA.
Proposal 2: Following solutions can be considered to further optimize the overhead of signaling:
· Indication of third order common TA drift rate.
· Indication of multiple set of {common TA, first order drift rate, second order drift rate} with different applicable timing

Proposal 3: The signaling granularity of common TA can be chosen as . The signaling granularity of first order drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of second order drift rate can be chosen as 1.13*10-3 us/s2.
Proposal 4: The over pre-compensation of TA during RACH procedure should be handled by UE via implementation.


Proposal 5: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:

,


where  is the TAC filed in msg2/msgB and .

Proposal 6: In RRC_CONNECTED state in NR NTN,  is updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.

Proposal 7: In RRC_CONNECTED state in NR NTN,  is updated autonomously by the UE based on the parameters acquired from SIB as follows:

,





where  is the broadcast common TA,  and  are the first and second order common TA drift rate indicated by BS,  is the interval between activation time of broadcast common TA and DL transmission time of scheduling information, and  is the interval between DL transmission time of scheduling information and UL transmission time.
Proposal 8: In RRC_CONNECTED state in NR NTN, when a new GNSS fix and/or new ephemeris are applied, UE could subtract the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA to avoid TA jump.
Proposal 9: In RRC_CONNECTED state in NR NTN, when new common TA parameters are applied, UE could subtract the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA to avoid TA jump.
Proposal 10: A validity timer can be defined for assistance information, e.g., common TA parameters and ephemeris data:
· The timer should be started/restarted when the updated assistance information is activated based on configured validity duration. 
· Upon expiry of timer, the UL synchronization is assumed to be lost.
Proposal 11: An update period of assistance information can be configured to UE and should be equal to or shorter than the validity duration.
Proposal 12: The activation time instant of validity duration for assistance information can be implicitly known as a reference time linked to DL subframe where the initial SIB carrying the assistance information is broadcast.
Proposal 13: An index associated to the SIB delivering the assistance information is needed to enable the derivation of active time for assistance information.
Proposal 14: The validity duration length can be broadcast along with assistance information. A coarse signaling granularity can be applied, e.g., a SIB period.
Proposal 15: With consideration on the limited time, it is recommended to deprioritize support of common DL frequency compensation for the service link Doppler shift in Rel-17.
Proposal 16: Allocate different number of bits for different network type, at least for HAPS.
Proposal 17: Use relative position in PV indication to reduce payload in SIB, at least for HAPS
Proposal 18: UE can be assumed to know the accessing network type without extra signallings, at least for HAPS.
Proposal 19: For the format based on orbital elements, following methods can be considered to further optimize the signaling load:
· Indicate the first five parameters and the associated index to the UEs as pre-provisioned reference ephemeris 
· Use delta correction in the form of PV.


	R1-2109858
	PANASONIC R&D Center Germany
	Proposal 1: We propose to allow for a non-zero DL-UL timing difference managed by the network.
Proposal 2: Residual feeder link timing drift is compensated by the network.
Proposal 3: The common TA value NTA,common is always indicated in SIB. 
· FFS: the value range of NTA,common
Proposal 4: We propose a granularity of the common TA value NTA,common in the order of slot or half slot duration. The slot length is expressed in the same way as Koffset. Whether using a single value covering all scenarios or a value range separating among GEO, MEO or LEO, the same approach as for Koffset should be used. 
Proposal 5: Include the TA margin transparently to the UE in the Common TA (Option 3).
Proposal 6: The UE computes the UE specific TA as the sum of the service link delay on UL and DL. In RRC_CONNECTED state, the UE adds it autonomously on the TA command.
Proposal 7: In RRC_CONNECTED mode, on 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 8: Introduce the validity duration also for the Common TA to maintain UL synchronization in NTN. 
Proposal 9: Support the indication of the frequency offset that the UE shall apply for uplink transmissions at least for Earth moving cells. The offset is up to the network implementation and can comprise both DL pre-compensation and UL post-compensation at the network. 
Proposal 10: For Earth-fixed cells, make use of the information on the reference location of the cell to perform common frequency pre-compensation.

	R1-2109879
	InterDigital, Inc.
	Proposal-1: 	Support a same validity timer for both satellite ephemeris and common TA.
Proposal-2:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-3:	State vector is used for GEO/HAPS and orbital elements is used for LEO.


	R1-2109928
	Ericsson
	Proposal 1	As part of defining the UE-specific TA, RAN1 should define the DL service link delay taking into account satellite movement during DL signal propagation from satellite to UE.
Proposal 2	As part of defining the UE-specific TA, RAN1 should define the UL service link delay taking into account satellite movement during UL signal propagation from UE to satellite.
Proposal 3	The reference point for time 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 4	When TAC () in msg2/msgB is received,  is calculated as follows: 
Proposal 5	The fixed TA offset, , should be defined as in Rel-16.
Proposal 6	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 UL signal to which the UE applies the TA.
Proposal 7	The network broadcasts parameters describing the (one-way) common delay by a polynomial function as follows: where:
 is the time the signal passes the satellite
 is the implicit epoch time 
 is the common one-way delay at time   
 is the common one-way delay drift rate 
 is the common one-way delay drift rate variation 
 is the common one-way delay 3rd order term
Proposal 8	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 which the UE applies the TA will be relayed by the satellite.
Proposal 9	The granularity of the NTA,common applied by the UE should be 64/2µ to limit its impact to the total timing error budget to less than 1% of the CP length.
Proposal 10	Do not define a TA margin. The RAN4 requirements on UE TX timing accuracy are expected to ensure that the performance impact of the potential TA over-compensation of PRACH will be insignificant.
Proposal 11	Confirm the working assumption that Common TA may include parameter(s) indicating timing drift.
Proposal 12	Characterize the common TA with the following parameters:  
- Common delay  
- Drift rate  
- Drift rate variation  
- 3rd order term
Proposal 13	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
Proposal 14	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 15	Use separate validity timers for serving satellite ephemeris and common TA if they are transmitted in different SIBs, otherwise use a single validity timer for both.
Proposal 16	The validity timer(s) should be started at the epoch time(s) of the satellite ephemeris and common TA.
Proposal 17	RAN1 to determine the relevance of the case of NTN coverage but no GNSS coverage.
Proposal 18	The epoch time of the serving satellite ephemeris is defined by the start of the Nth slot after the start of the SI window of the SI message containing the ephemeris, where N is optionally signaled with the ephemeris (otherwise 0).
Proposal 19	The epoch time of the Common TA parameters is defined by the start of the Nth slot after the start of the SI window of the SI message containing the Common TA parameters, where N is optionally signaled with the Common TA parameters (otherwise 0).
Proposal 20	The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.


	R1-2110032
	Apple
	Proposal 1: Confirm the working assumption: Common TA may include parameter(s) indicating timing drift. 
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Proposal 2: The broadcasted common TA is in the unit of , where the value  is the subcarrier spacing used for cell specific . 

Proposal 3: The value range of broadcasted common TA depends on satellite scenario. 

Proposal 4: The broadcasted common TA drift rate follows the same granularity as that for broadcasted common TA per second. The value range of broadcasted common TA drift rate depends on satellite scenario.

Proposal 5: When the common TA drift rate is provided by network, the network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate (if indicated) and  is the time gap between the latest common TA transmission and the corresponding uplink transmission.

Proposal 6: PRACH transmission is delayed by min(CP/2, GP/2). 

Proposal 7: TA margin used in PRACH transmission is counted when UE adjusts TA value upon receiving the TAC in msg2/msgB. 

Proposal 8: RAN1 to study whether and how to reset  when UE specific TA is estimated with updated GNSS position or updated satellite ephemeris parameters. 

Proposal 9: Common TA has a different validity duration from satellite ephemeris. 

Proposal 10: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point. 
· For earth fixed cell, gNB indicates the GNSS location of the frequency reference point. 
· For earth moving cell, gNB indicates the value of frequency offset pre-compensated in downlink transmission. 

Proposal 11: For satellite ephemeris state vectors parameters, the granularity is 1.3 m for position parameters and the granularity is 0.06 m/s for velocity parameters; The field size of each position parameter is 26 bits and the field size of each velocity parameter is 18 bits. 
· The velocity parameters are not used for GEO satellite. 
· The conclusion can be revisited once receiving further RAN4 response on the uplink timing synchronization requirements. 


	R1-2110085
	LG Electronics
	Proposal 1. Support additional signaling by the network in order to apply proper common TA according to time changes at UE side. Potential solutions can include 
· Alt 1) providing the reference time corresponding to common TA
· Alt 2) providing series of common TA and common TA drift rate
Proposal 2. Support option 2 in the agreement in RAN1 #106-e regarding TA margin.
· Option 2: TA margin can be considered, and it is explicitly indicated to the UE
Proposal 3. Support implicit reporting of UE specific TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups).
Proposal 4. 
· 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 5. RAN1 should discuss how to report the UE specific TA in case when the NTN UE is in RRC_CONNECTED states.
Proposal 6. Support independent validity durations for common TA and satellite ephemeris in Rel-17 NTN.
Proposal 7: Define the appropriate TA control method for each TA as follows: 
· Closed loop TA control is applied to common TA (i.e., )
· Open loop TA control is applied to UE specific TA (i.e., )
Proposal 8: Support independent TA update for each TA using independent TA control methods.
Proposal 9. RAN1 should discuss when to apply the updated UE specific TA for UL signal/channel transmission.
Proposal 10. Support independent validity durations for two different satellite ephemeris formats in Rel-17 NTN.


	R1-2110184
	Qualcomm Incorporated
	Proposal 1: In connected mode , when UE specific TA calculated based on the UE location corresponds to the last applied UE specific TA  differs from the UE specific TA calculated based on most recent GNSS fix by more than x1 ,  i.e., |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1, where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location, UE is required to adjust the  UE location when calculating the UE specific TA such that the applied UE-specific TA is closer to the TA calculated using the most recent GNSS fix than using GNSS_c. The adjustment made to UE specific TA due to UE location adjustments shall satisfy the following conditions:
· the maximum amount of UE specific TA change of one adjustment due to UE location update shall be y,   i.e, |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2.
· the minimum aggregate adjustment rate shall be x3 per T1 seconds.
· the maximum aggregate adjustment rate shall be x4 per T2 seconds.
· FFS the values of x1, x2, x3, x4, T1 and T2.

Proposal 2: Support closed-loop frequency control commands by MAC-CE.
Proposal 3: Consider group-common DCI for UL time and frequency control.
Proposal 4: For PVT ephemeris, consider signaling the orbit altitude relative to the earth center and two ephemeris ECEF coordinates.


	R1-2110292
	Fraunhofer IIS - Fraunhofer HHI
	Proposal 1: RAN1 to confirm the working assumption agreed in RAN1#106 regarding providing the UE with parameter(s) in common TA indicating timing drift.
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