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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 #107-e. together with identified key open issues and recommends topics/questions to be handled via email discussions. The goal of this document is also to provide recommendation on prioritization of discussion and whether any issues should be postponed. 

	Please note the following checkpoints for agreements:
November 15th  and 19th 
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[bookmark: _Toc87816936]Issue#1: Indication of Common TA drift parameters 

The following agreements were made at RAN1#106-bis-e:
Agreement:
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.

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters


The moderator made the following recommendation:

	FL Recommendation:
For the upcoming meeting Companies are encouraged to provide inputs on remaining FFS: 
· Details of combination of Common TA parameters:
· When Common TA includes parameters indicating timing drift, which of these parameters are mandatory? 
· Moderator’s view: When the reference point is not Satellite: At least Common TA , Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.
· Whether Common TA third order derivative may be optionally indicated.
Hopefully we will close all open issues at the next meeting





Companies proposals regarding Common TA parameters submitted to RAN1#107-e are collected in the following table:

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 1: There is no need to indicate third order derivative of Common TA.
Proposal 1: The common TA is derived based on a predefined formula: , where t is the delay between the epoch time of common TA and the UL transmission.

	Nokia, Nokia Shanghai Bell
	Observation 7: UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
Proposal 11: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 13: The Common TA drift rate variation may not be needed for Common TA tracking.

	vivo
	Proposal 1: Not support to indicate common TA third order derivative and even higher order.

	Thales
	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 need to be jointly broadcast by the Network.
Proposal 1: 
Higher-layer parameters TACommon, TACommonDrift and TACommonDriftVariation are jointly indicated if the Common TA include parameters indicating timing drift.


	NEC
	Proposal 1. Common TA third order derivative could be optionally indicated by the network (i.e. for LEO scenarios). 
Proposal 3. When the reference point is not the satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory to be indicated to NR NTN UE(s). 

	CATT
	Proposal 2: Third order derivative of common TA is not needed.

	PANASONIC R&D Center Germany
	Proposal 1: UE combines the common TA parameters (Common TA, Common TA drift rate and Common TA drift rate variation) signalled by the network as a power series of the type, i.e., without Taylor series type factorial factors

Proposal 2: It is up to the network how the coefficients of the power series (common TA parameters) are computed. UE can assume that the indicated coefficients minimize the maximum approximation error over the validity period.


	MediaTek Inc.
	Observation 1: The number of SIB readings needed to estimate common TA parameters increases the cell access time:
To estimate the 3rd order derivative:
· 4 SIB readings with only common TA indicated
· 3 SIB readings with common TA and common TA drift indicated
· 2 SIB readings with common TA, common TA drift and common TA drift variation indicated    
To estimate the common TA drift variation:
· 3 SIB readings with only common TA indicated
· 2 SIB readings with common TA and common TA drift indicated

Proposal 1: Support combination of common TA parameters: [Common TA , Common TA drift rate and Common TA drift rate variation] and support Common TA 3rd order derivative indication.

When the reference point is not Satellite: At least Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.


	Ericsson
	Observation 3	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 4	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.
Observation 5	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 5	To characterize Common TA, the network may optionally indicate a third order term TACommonThirdOrder.
Proposal 6	Based on the signaled Common TA parameters, the UE calculates the Common TA as follows: TAcommon(t)=TACommon + TACommonDrift∙(t-Tepoch) + TACommonDriftVariation∙(t-Tepoch)2 + TACommonThirdOrder∙(t-Tepoch)3 where: t is the time the UL signal passes the satellite; Tepoch is the (implicit) epoch time of the common TA parameters; TACommon is the common TA at epoch time; TACommonDrift is the common TA drift rate; TACommonDriftVariation is the common TA drift rate variation; TACommonThirdOrder is the common TA 3rd order term
Proposal 13	Add an RRC parameter TACommonThirdOrder for the third order term of Common TA.

	Baicells
	Observation 1:  If precision level of the 1st and 2nd order derivatives is low, higher order derivative may not achieve the expected result. 
Proposal 1: Indication of Common TA drift parameters should be considered together with their precision level.
Observation 2:  It is still unclear about the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 2: Clarify the precision level of Common TA drift rate and Common TA drift rate variation. 

	Xiaomi
	Proposal 1: Common TA and common TA drift rate are mandatory parameters to be indicated. 
Proposal 2: Common TA drift rate variation and common TA third order derivative are optionally indicated. 

	CMCC
	Proposal 1: When the reference point is not satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.

	ZTE
	Proposal 1: Following options can be considered for common TA parameters indication:
· Option 1: Only support the combination {common TA, common TA drift rate, common TA drift rate variation}, where the common TA drift rate and common TA drift rate variation can be zero.
· Option 2: Support following two combinations, which can be configured by gNB for different scenarios 
· {common TA, common TA drift rate, common TA drift rate variation}
· {common TA}

	Samsung
	Observation 2: The gNB jointly indicates the TA variation rate and the Doppler shift.
Observation 3: Based on the indicated TA variation rate r_TA (and the current TA), the UE can autonomously adjust its TA.

	Fraunhofer IIS - Fraunhofer HHI
	Observation 1: Signaling the 3rd order drift rate parameter improves the common TA estimation at the UE side substantially.
Proposal 1: Network may optionally indicate the common TA 3rd order derivative parameter. 
Proposal 2: NTN UE calculates the common TA according to the common TA broadcast parameters describing a polynomial function given by 
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift.


	Apple
	Proposal 1: Among the common TA parameters, the common TA is mandatorily indicated by network, while common TA drift rate and common TA drift rate variation are optionally indicated by network.
· At least for GEO, common TA drift rate and common TA drift rate variation are not indicated by network.


	LG Electronics
	Proposal 1. Do not support the Common TA third order derivative in Rel-17 NTN.

Proposal 2. Possible combinations of Common TA parameters can be predefined in specification. In addition, NTN UE can expect the Common TA parameters selected from the predefined combinations to be provided.


	NTT DOCOMO, INC.
	Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed
Observation 3: Including a timing offset in Common TA can avoid over pre-compensation issue during RACH procedure. Different definitions of Common TA (e.g., including a timing offset or not) during the RACH procedure and data transmission would cause a mismatch and affect the performance.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.
Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally


	Qualcomm Incorporated
	Proposal 3: UE assumes that the transmit symbol and slot durations are constant (e.g., no transmit timing pre-compensation) at the reference point where common TA equals to 0.




[bookmark: _Toc87816937]Company views 
The following table summarizes companies views w.r.t combination of Common TA parameters and mandatory Common TA parameters:
	Higher-layer parameter
	Mandatory parameter
	Optional parameter
	Not needed

	TACommon 
	Huawei, HiSilicon, Thales, PANASONIC, MediaTek, Ericsson,
Nokia, Nokia Shanghai Bell, Xiaomi, CMCC, ZTE, Fraunhofer IIS - Fraunhofer HHI, Apple, NTT DOCOMO, INC., LG Electronics, Intel
	
	

	TACommonDrift
	Huawei, HiSilicon, Thales, PANASONIC, MediaTek, Ericsson, Xiaomi, CMCC, ZTE, Fraunhofer IIS - Fraunhofer HHI, NTT DOCOMO, INC (for LEO)., Intel
	Nokia, Nokia Shanghai Bell, Apple, LG Electronics
	

	TACommonDriftVariation
	Huawei, HiSilicon, Thales, PANASONIC, MediaTek, Ericsson, CMCC, ZTE, Fraunhofer IIS - Fraunhofer HHI, NTT DOCOMO, INC (for LEO)., Intel
	Nokia, Nokia Shanghai Bell, Xiaomi, Apple, LG Electronics
	

	TACommonThirdOrder :
3rd derivative of Common TA
	
	Thales, NEC (for LEO scenarios), MediaTek, Ericsson, Xiaomi, Fraunhofer IIS - Fraunhofer HHI, NTT DOCOMO, INC., Intel
	Huawei, HiSilicon, vivo, CATT, (Baicells), LG Electronics



Based on the expressed views in the Tdocs submitted to RAN1#107e: 
Many companies are supportive of:
· If the Common TA parameters should include parameters indicating timing drift (e.g. LEO scenario with reference point for uplink sync is not satellite): Higher-layer parameters TACommon, TACommonDrift and TACommonDriftVariation are mandatory parameters.
TACommonThirdOrder maybe optionally indicated: [Thales, NEC (for LEO scenarios), MediaTek, Ericsson, Xiaomi, Fraunhofer IIS - Fraunhofer HHI, NTT DOCOMO, INC.]
TACommonThirdOrder is not needed: [Huawei, HiSilicon, vivo, CATT, (Baicells), LG Electronics].
Further, according to [Nokia], only TACommon is a mandatory parameter to be indicated, as the UE, by multiple SIB reading can derive other parameters indicating time drift if needed. [MediaTek] rightly observed that the number of SIB readings needed to estimate common TA parameters increases the cell access time and noted: 4 SIB reading common TA parameters are broadcast once every 2 seconds will add 8 seconds to access time to move to RRC_CONNECTED, which is longer that the coverage time of a beam spot of 50 km diameter. With a typical in-coverage time of 2 minutes for a LEO satellite, this would result in an efficiency loss of 6.6 % (=8 seconds / 2 minutes * 100). 
Moderator’s views: At least Common TA , Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly in case of  NGSO scenario with reference point for uplink sync not onboard the satellite. This is to increase the Validity timer/duration and NTACommon prediction timer. W.r.t Multiple SIB reading proposed by [Nokia], Moderator holds view that this may introduce a significant gap/ data interruption when RRC Connected and as highlighted by [MediaTek], in Idle/Inactive state this seems to add to latency to access satellite cell especially in case of Earth moving cell with small beam/cell size of e.g. 40 -60km for which the UE dwell time (Time to HO) is order of ~5 to 8 seconds only.
0. [bookmark: _Toc87816938]Initial Proposal 1
Base on the expressed views within the Tdocs submitted to RAN1#107e,  the initial proposal is made as follows:
Initial Proposal 1:
· If Common TA parameters include parameters indicating timing drift, following higher-layer parameters  are mandatory and jointly indicated:
·  TACommon, TACommonDrift and TACommonDriftVariation
· The network may optionally indicate a third order derivative: TACommonThirdOrder

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

	OPPO
	support

	Ericsson
	We support the proposal. The inclusion of a third order term has been shown to increase the validity duration of Common TA and reduce the need for frequent corrections using closed-loop TAC. The cost of including an optional third order term is small.

	Apple
	We are fine with the first bullet. 
We still do not see the necessity of the second bullet. The indication of the third order derivative needs additional specification work (e.g., granularity, value range, etc.) 

	ZTE
	We are fine with the proposal in principle, but with following updated version is preferred:
· If Common TA parameters are indicated, the higher-layer parameters should be indicated as one of following combination include parameters indicating timing drift, following higher-layer parameters  are mandatory and jointly indicated:
· Combination-1: TACommon, TACommonDrift and TACommonDriftVariation
· Combination-2: TACommon, TACommonDrift and TACommonDriftVariation, TACommonThirdOrder
· The network may optionally indicate a third order derivative: TACommonThirdOrder
· Note: The value of each element per combination can be zero.


	Spreadtrum
	We support the proposal.

	Lenovo/MM
	Fine with this proposal.

	CMCC
	We are fine with the first bullet. 

	LG
	Regarding initial proposal 1, we think it is sufficient that only common TA is provided as a mandatory parameter. This is because Common TA drift rate and Common TA drift rate variation are not necessary in GEO scenario. Therefore, it is reasonable that both the Common TA drift rate and Common TA drift rate variation can be optically provided by gNB.
Finally, we prefer not to support the Common TA third order derivative in Rel-17 NTN, since it does not provide the clear benefit.

	NTT DOCOMO, INC.
	We are basically fine with the proposal. 
We also agree with Moderator’s analysis that the common TA drift parameters are needed in case of NGSO scenario with reference point for uplink sync not onboard the satellite. For GSO scenarios, e.g., GEO or HAPS, the common TA drift parameters may not be needed. In other words, the mandatory common TA parameters are related to NTN type.

	Intel
	Support the proposal. The wording proposed by ZTE is also fine with us.

	NEC
	Support this proposal. 

	Panasonic
	Support.

	Sony
	Support the proposal.

	vivo
	Only support the first bullet.

	Huawei, HiSilicon
	Fine with the first bullet. 
We don’t see a clear need for the second bullet. 

	Nokia, Nokia Shanghai Bell
	We have shown that the UE can estimate the higher order derivatives from multiple SIB readings of Common TA or –optionally if provided- Common TA drift rate, and use those estimates for TA prediction. We do not see a need to mandate indication of higher order derivatives. 

	Fraunhofer IIS, Fraunhofer HHI
	We support FL proposal.

	Baicells
	Support the first bullet for R17.

	MediaTek
	Support proposal

	Samsung
	Fine with the proposal. Similar to Apple, we also still do not see the necessity of the second bullet.

	QC
	We are fine with the indication of the third-order derivative. However, the proposal is confusing. It’s up to network to choose the maximal order in the indication, being 0, 1, 2, or 3. There is no mandatory.  May be to list all the possible combinations:
1. TA common
1. TA common+first-oder derivative
1. TA common+first-order +second order
1. TA common+first order +second order +third-order




[bookmark: _Toc56168766][bookmark: _Toc87816939]Updated proposal based on company views (First round of email discussions)
· 20 Companies are supportive of the Initial proposal 1: [OPPO, Ericsson, ZTE, Apple (first bullet) Spreadtrum, Lenovo/MM, CMCC (first bullet), NTT DOCOMO, Intel, NEC, Panasonic, Sony, vivo (first bullet), Huawei, HiSilicon (first bullet), Fraunhofer IIS, Fraunhofer HHI, Baicells (first bullet), MediaTek, Samsung (first bullet), Thales].
· 6 Companies do not see the need of 3rd order derivative: [Apple, CMCC,  LG, vivo, Huawei, HiSilicon, Samsung]
· According to 2 companies there is no need to mandate indication of higher order derivatives : [Nokia, Nokia Shanghai Bell , QC]
Regarding the concern from [Apple, CMCC,  LG, vivo, Huawei, HiSilicon and Samsung] on the benefit and cost of TACommonThirdOrder:
· The benefit of indicating A 3rd order derivative is clear: increasing the prediction time period of NTACommon.
· The Cost: As highlighted by Ericsson, the cost of including an optional third order term is small: Less than 2 octets are needed to indicate TACommonThirdOrder (13 bits in FR1, 14 bits in FR2)
· Further, the intention is to support indication of TACommonThirdOrder as optional feature.
On ZTE comment:
· Moderator revision from ZTE is similar to Initial proposal 1 and can be considered if acceptable to everyone.
On [ LG, QC] feedback: 
True, Common TA drift rate and Common TA drift rate variation are not necessary in GEO scenario. That why in Initial proposal it is stated that “If Common TA parameters include parameters indicating timing drift”. Basically, the drift parameters will be included only in case of NGSO and if the reference point for uplink time sync is not on the satellite. 
w.r.t [Nokia] comment: As already mentioned, multiple SIB reading method may introduce a significant gap/ data interruption when RRC Connected and as highlighted by [MediaTek], in Idle/Inactive state this seems to add to latency to access satellite cell especially in case of Earth moving cell with small beam/cell size of e.g. 40 -60km for which the UE dwell time (Time to HO) is order of ~5 to 8 seconds only.
Moderator’s views: At least Common TA , Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly in case of  NGSO scenario with reference point for uplink sync not onboard the satellite, this is the case where Common TA parameters include parameters indicating timing drift. The intention is to increase the Validity timer/duration and NTACommon prediction timer.
0. [bookmark: _Toc87816940]Updated Proposal 1
Summary of first round discussions is given in section 1.2
Based on the views expressed during first round of email discussions, there is a clear majority supportive of Proposal 1. This proposal is to be further discussed during second round :

Updated Proposal 1:
· If Common TA parameters include parameters indicating timing drift, following higher-layer parameters  are jointly indicated:
·  TACommon, TACommonDrift and TACommonDriftVariation
· The network may optionally indicate a third order derivative: TACommonThirdOrder

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

	LG
	We think it is not desirable to provide only TACommon and TACommonDrift without TACommonDriftVariation from network. So, it is preferred to predefine possible combinations, and network should provide common TA parameters within possible combinations. Moreover, we prefer not to support the Common TA third order derivative. Based on this, we suggest the modified proposals 1 below.
Modified proposal 1: 
· Network can provide one of the following combinations of common TA parameters:
· TACommon
· TACommon and TACommonDrift
· TACommon, TACommonDrift, and TACommonDriftVariation

	Intel
	We are OK with the Updated proposal 1 provided by the moderator. If a certain parameter is not needed it can be set to 0. 

	CMCC
	We can support the proposal for sake of progress.

	Nokia, Nokia Shanghai Bell
	We see the Updated Proposal 1 in its current form as confusing, as it is not clear which combinations of parameters the gNB can support. In our view, the gNB should have the freedom to provide either TACommon or TACommon and TACommonDrift as well. Moreover, as we have shown, the UE can estimate the higher order derivatives from multiple SIB readings of Common TA or –optionally if provided- Common TA drift rate, and use those estimates for TA prediction. We do not see a need to mandate indication of higher order derivatives. We propose following in order to maintain the optionality of transmission which has been captured in an earlier agreement:
Modified proposal 1: 
· Network can provide one of the following combinations of common TA parameters:
· TACommon
· TACommon and TACommonDrift
· TACommon, TACommonDrift, and TACommonDriftVariation

	MediaTek
	Support proposal. Only providing TAcommon will require UE to read 4 SIBs to determine the 3rd order derivative. The common TAdrift at least should be provided to resolve Sampling Frequency Offset and significant SNR loss to receive the SIB. The cell access time that can exceeding 5 seconds, as UE will have to receive up to 4 SIBs. In case the validation timer is set to a low value (i.e. 5 seconds), then the UE will need to acquire the SIB almost all the time. We cannot see how saving about 20 bits per common TA parameter per second (about 60 bits per second in a 30 MHz system or << 0.0001 % system overhead) can be a reasonable motivation for increasing UE complexity, increasing cell access time due to multiple SIBs, several dBs SNR loss to receive SIB due to SFO issue.
We have doubt about the viability of this option with time alignment at the gNB if TA common parameters with NTAcommon, NTAcommonDrift and NTAcommonDriftVariation are not jointly provided. 

	Apple
	We still do not see the necessity of the second bullet (signaling of TACommonThirdOrder). Overall, the problem is the balance between signaling overhead and UE’s frequency of reading signals.
If companies are fine with the additional signaling overhead of TACommonThirdOrder, we can live with it for the sake of progress. 

	Lenovo/MM
	Support

	ZTE
	We are supportive of this proposal. It's clear that with defined set, the UE’s complexity can be controlled. Otherwise, the previous agreement to allow gNB to indicate the parameters optionally will be sufficient instead of defining multiple-sets..

	NTT DOCOMO, INC.
	We are not sure whether all the three parameters (Common TA, Common TA drift rate and Common TA drift rate variation) are needed for all NGSO scenarios, e.g., LEO with higher altitude or MEO, etc. Therefore, the Common TA parameters can be further related to NTN type. 
However, as stated by Moderator in the reflector, NTN type related definition may be discussed in Maintenance phase or future release due to limited time in Release 17. We are fine with defining different combinations of common TA parameters in Release 17, which can be further related to NTN type in maintenance phase or Release 18.

	Sony
	Support.

	Panasonic
	Support.

	Xiaomi
	Support.

	Huawei, HiSilicon
	We are fine with Nokia’s proposal or also fine without making an agreement on the parameter combinations which is anyway up to the gNB may configure. 
On the third order derivative, we don’t think it is necessary but can compromise to support it if there is majority support.

	Baicells
	We prefer the version in an earlier agreement  (as LG and Apple suggest above). It has more flexibility for different deployment.
Modified proposal 1: 
· Network can provide one of the following combinations of common TA parameters:
· TACommon
· TACommon and TACommonDrift
· TACommon, TACommonDrift, and TACommonDriftVariation

	Ericsson
	We are fine with the proposal.
We support optional indication of a third order term since it increases the validity duration and reduces the need for frequent closed-loop TA commands. The implementation effort is small and the signaling overhead is minor. 




[bookmark: _Toc87816941]Issue#2: Granularity and bits allocation for Common TA parameters
The granularity of Common TA was defined at RAN1#107e:
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

The attributes (value range, unit/granularity and default value) for high-layer Comment TA parameters are still TBD as per R1-2110624- Summary of [106bis-e-R17-RRC-NR-NTN] Email discussion on Rel-17 RRC parameters for NR to support NTN:

	Parameter name in the spec
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

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

	TACommonDrift
	Indicate drift rate of the common TA
The unit of TACommonDrift is TBD
	TBD
	TBD
	cell

	TACommonDriftVariation
	Indicate drift rate variation of the common TA
The unit of TACommonDriftVariation is TBD
	TBD
	TBD
	cell



The moderator made the following recommendation in previous RAN1:
	FL Recommendation:
For the next RAN1 meeting, Companies are encouraged to provide inputs regarding:
· Value range and Default value for:
· TACommon
· TACommonDrift
· TACommonDriftVariation
· Other signaling details: Apart from indication on SIB, Do Common TA related parameters need to be indicated via dedicated signaling? .e.g. when the UE is not configured with a Common Search space within the active BWP 





These are the proposals and observations on Common TA bit allocations submitted to RAN1#107-e:
	Companies
	Proposals

	Huawei, HiSilicon
	Proposal 2: The satellite ephemeris and Common TA are always in the same SIB message.

	Nokia, Nokia Shanghai Bell
	Observation 4: The ranges of common TA drift rate and common TA drift variation are larger for lower altitude LEO.
Observation 5: The quantization error of the n-th order common TA derivative will propagate with the n-th power of time to the common TA error. Therefore, the higher order derivative of common TA requires a finer granularity.
Observation 6: For LEO 600 Km using 15 KHz SCS, the required number of bits for the common TA drift rate, common TA drift variation, and potentially common TA 3rd order derivative are respectively 16 bits, 12 bits, and 9 bits.
Proposal 3: RAN1 to define the orbital height range for LEO deployments.
Proposal 4: The number of bits indicating the common TA drift rate and common TA drift variation should be determined based on the lowest supported altitude of LEO satellites.
Proposal 7: Take the validity timer duration into consideration when determining the granularity for the common TA drift rate, common TA drift variation, and potentially common TA higher order derivatives.
Proposal 8: For 15 KHz SCS, granularity for the common TA drift rate is approximately .
Proposal 9: For 15 KHz SCS, granularity for the common TA drift variation is approximately .
Proposal 10: For 15 KHz SCS, granularity for the common TA 3rd order derivative, if supported, is approximately .
Proposal 18: RAN1 to consider special indication in the SI modification procedure for indication changes occurring specifically in NTN SIB or the SIB carrying NTN parameters.

	Thales
	Proposal 2: 
· In case of GEO based non-terrestrial access network:
· In FR1: 
· Value range of  is : 0 - 16621439 
· bit allocation is: 24 bits
·  In FR2:
· Value range of  is: 0 - 66485757 
· bit allocation is: 26 bits
· in case of LEO based non-terrestrial access network:
· In FR1: 
· Value range of  is: 0 - 1282539
· bit allocation is : 21 bits
·  In FR2:
· Value range of  is: 0 - 5130157
· bit allocation is: 23 bits
Proposal 3: 
Higher-layer parameters TACommonDrift and TACommonDriftVariation are indicated:
In 14 bits and with value range : -24 microseconds/second … 24 microseconds/second, for TACommonDrift.
In 10 bits and with value range: -0,27 microseconds/second² … 0 microseconds/second², for TACommonDriftVariation.

Proposal 4: 
Satellite Ephemeris data and Common TA related parameters are sent within the same SIB/SI.
The epoch time of serving satellite ephemeris implicitly known as a reference time defined by the starting time of a DL slot and/or frame is used as reference time for Common TA parameters.

Proposal 6: 
Send LS to RAN2 asking RAN2 to include serving satellite ephemeris and common TA related parameters within the Minimum SI: either SIB1 or a specific NTN MSI.


	NEC
	Proposal 2. For the common TA related parameter(s) that is/are not indicated by the network, the UE assumes the value(s) of the corresponding parameter(s) as zero. 
Proposal 5. Include the Satellite Ephemeris data and Common TA related parameters within the same SIB/SI.
Proposal 9. The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.

	CATT
	Observation 1: Maximum RTD on the feeder link and granularity determine the signaling bit number of common TA.
Proposal 3: In order to save signaling overhead, common TA and common timing drift rate or high-order derivative will be equal to 0 if not indicated.

Proposal 4: Common TA should be greater than or equal to 0 if indicated.


	MediaTek Inc.
	Observation 2: The maximum range of common TA is 


Proposal 2: On value range is used for GSO and NGSO with the following granularities for numerology µ=0:
· Common TA is 23 bits
· Common TA drift is 18 bits
· Common TA drift rate variation is 18 bits
· Common TA 3rd order derivative is 18 bits
The granularities are scaled by 2µ for higher numerologies


	Ericsson
	Observation 1	The common delay, TACommon, can be signaled with granularity (64/23)Tc using 26 bits.
Observation 2	The common TA drift rate TACommonDrift, the common TA drift variation rate TACommonDriftVariation and the 3rd order term TACommonThirdOrder, can be signaled with 16, 15 and 14 bits, respectively.

	Xiaomi
	Proposal 3: Common TA parameters can be indicated via UE-specific RRC signaling. 
Proposal 5: Satellite ephemeris and common TA parameters are included in the same SIB/SI and using the same epoch time.

	CMCC
	Observation 1: The feeder link error consists of curve-fitting error and quantization error.
Observation 2: There are some reasons for UE cannot detect SIB in RRC_CONNECTED state, 
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 2: When design the granularity and value range of Common TA related parameters, the same/similar error magnitude for both curve-fitting error and quantization error can be considered.
Proposal 3: Apart from indication on SIB, support Common TA related parameters indication via dedicated signaling.


	ZTE
	Proposal 2: The signaling granularity of common TA drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of common TA drift rate variation can be chosen as 1.13*10-3 us/s2.
Proposal 3: If only one type of common TA signaling is supported, following configurations can be considered:
· {one common TA in a field of 26 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
Proposal 4: If different types of common TA signaling are supported for different scenarios, following configurations can be considered
· {one common TA in a field of 23 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
· {one common TA in a field of 26 bits}


	Samsung
	Proposal 3: 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 4: Multiple reference points and common TA values should be considered for extremely large cells
Proposal 5: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 6: 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.


	Apple
	Proposal 2: The common TA parameter indicated by network has value range of 0 - 271 ms, which is represented by 25 bits for FR1.

Proposal 3: The common TA drift rate parameter indicated by network has value range of +/- 26.7  and granularity of 0.002  or 0.004  for FR1. 

Proposal 4: The common TA drift rate variation parameter indicated by network has granularity of 0.0002 .



	LG Electronics
	Proposal 3. RAN1 should select one of the following alternatives for how to indicate the value 0 of common TA parameters:
· Alt-a: gNB explicitly indicate the common TA with value of 0
· Alt-b: UE assumes common TA parameters are 0 when UE is not provided by network with common TA parameters.
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.


	NTT DOCOMO, INC.
	Observation 5: When the UE is not configured with a Common Search space within the active BWP, dedicated signaling with SIB message can be considered.
Proposal  3: 
· For FR1, same granularity with Common TA can be used, i.e.,   per second for Common TA drift rate and   per second2 for Common TA drift rate variation. 
· For FR2, finer granularity should be used, e.g.,   per second for Common TA drift rate,   per second2 for Common TA drift rate variation and   per second3 for Common TA 3rd-order derivative.

Proposal 6: The common TA parameters and satellite ephemeris are sent within the same signaling, e.g., SIB1, and the same Epoch time can be used for both of them
Proposal 14: For UEs without a Common Search space within the active BWP, dedicated signaling with same information in SIB message as well as same mechanism with 5G NR can be reused.
Proposal 15:  Common TA related parameters and satellite ephemeris can be signaled in the same SIB1 message, or in the same dedicated signaling carrying SIB1 message, e.g., RRC, at least for UEs without common search space in its active BWP.



	Qualcomm Incorporated
	Observation 2: Since the DL and UL feeder link delays may have to be calculated separately, it is preferred to signal the distance of the feeder link delay divided by the speed of light.
Proposal 2: For common TA, the distance between the satellite and the reference point divided by the speed of light is signaled.
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The following table summarizes the granularity and #bits allocation for higher-layer parameters Common TA parameters as proposed by different companies:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	Nokia :
Thales : 
GEO: 
In FR1:  0 - 16621439 
In FR2: 0 - 66485757 
LEO :
In FR1:  0 - 1282539
In FR2: 0 - 5130157

Apple:
0 - 271 ms: 
	
Already agreed:


	Nokia : for µ=0
Thales : 
GEO: In FR1: 24 bits
In FR2: 26 bits
LEO:
In FR1: 21 bits
In FR2: 23
MediaTek: for µ=0
23 bits 
Ericsson: 26 bits
ZTE: 26 bits, or 23 bits (based on configuration)
Apple:
25 bits for FR1
FR1 is 25 bits for GEO/MEO
22 bits for LEO

	TACommonDrift
	Thales :
-50 … +50 
Apple:
+/- 26.7 
Ericsson: ±50 µs/s 
	Nokia : 
ZTE: 1.11*10-2 us/s.
Apple:
0.002  or 0.004  for FR1
NTT DOCOMO:
  per second
	Nokia : 16
Thales : 14
MediaTek: for µ=0
18 bits 
Ericsson :16
ZTE: 12 bits
Apple:


	TACommonDriftVariation
	Thales :
0…0,54 

	Nokia: 
Ericsson :1.2 µs/s2
ZTE: 1.13*10-3 us/s2.
Apple: 0.0002 
NTT DOCOMO:
  per second2 
	Nokia : 12
Thales : 10
MediaTek: 18 bits
for µ=0: 
Ericsson :15
ZTE: 9 bits

	TACommonThirdOrder
	
	Nokia: 
Ericsson : ±0.012 µs/s3
NTT DOCOMO:
  per second3
	Nokia : 9
MediaTek: 18 bits
for µ=0
Ericsson : 14



On granularity of Higher-layer parameters Common TA parameters several companies proposed values based on simulations results. Nokia [R1-2110900]  proposed an analytic method recopied hereafter: 

	[R1-2110900 - Nokia, Nokia Shanghai Bell]:
Let  denotes the epoch time of common TA and  be the common TA at time  from the epoch time. The common TA can be approximated using , the 1st derivative of common TA or common TA drift rate, , the 2nd derivative or common TA drift variation, , the 3rd derivative, and so on. The 2nd-order and 3rd-order approximation of  are calculated as in equations (1) and (2) respectively.
	
	(1)

	
	(2)



Let  be the maximum quantization error of , which is half of the granularity of the common TA. For 15 KHz SCS, . Now let  be the desired maximum quantization errors of  respectively. For a good common TA prediction in equations (2) and (3), we want to control the propagated error from each term of equations (2) and (3) to a comparable level in the validity timer duration . To this end, we can estimate the desired quantization erroros as

Based on the 3rd order approximation shown in Figure 2(b), the validity duration may be set to  for 15 KHz SCS if we want to keep the common TA error less than 1/2 of the CP length in the worst case. With that, we can estimate 

The granularity for the n-th order derivative is . Therefore, a reasonable granularity for the common TA drift rate (1st order derivative), common TA drift variation (2nd order derivative), and the 3rd order derivative is respectively , , and . To satisfy these granularities in LEO 600 Km NTN, the 1st order, 2nd order, and potentially 3rd order common TA parameters (derivatives) require 16 bits, 12 bits, and 9 bits respectively.
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With the above in mind, and by considering the highest allowed numerology supported for data, for the given Frequency Range, the parameters attributes (value range, granularity and bits allocation) in Initial Proposal 2 can be considered as starting point for discussions:
Note this is an unified signaling design. Further optimization can be done (to save some bits) by considering specific design for each deployment scenario (GSO, NGSO and HAPS) but to simplify the design one-fit-all solution is proposed for discussions:

Initial Proposal 2:

Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder] are indicated with the following range, granularity and bits allocation:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	In FR1:  0 …16621439
(i.e: 0.. 270.73 ms) 
In FR2: 0 ...66485757 
(i.e: 0… 270.73 ms) 
	
Agreement (RAN1#106b):


	In FR1: 24 bits
In FR2: 26 bits

	TACommonDrift
	
In FR1:  - 122789… + 122789
(i.e: -50 … +50 ) 
In FR2: - 491159… + 491159
(i.e: -50 … +50 ) 

	In FR1: 
 
In FR2:
 
	In FR1: 18 bits
In FR2: 20 bits

	TACommonDriftVariation
	
In FR1:  0… 14735
(0…0,60 )
In FR2: 0…58939
(0…0,60 )

	In FR1: 
 
In FR2:
 
	In FR1: 15
In FR2: 16

	[TACommonThirdOrder]
	In FR1:  -2456…+2456
(-0,015 …+0,015 )
In FR2: -9823…+9823
(-0,015 …+0,015 )
	In FR1: 
 
In FR2:
 
	In FR1: 13
In FR2: 15

	
· Value ranges are given in unit of corresponding granularity
· μ is the highest allowed numerology supported for data, for the given Frequency Range






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

	Ericsson
	We support the proposal.

	Apple
	For TA_common, the  for FR1 is 2 (i.e., 60 kHz SCS) according to the agreement. Then the value range of TA_common is 33242879, which is 25 bits. 
For TAcommonDrift, we do not think the fine granularity of   for FR1 is needed. We think  or 2 are enough based on our estimate. Also, the value range of TAcommonDrift may be enlarged to support up to 8 km/s satellite speed, which leads to -53.33  to 53.33 . 

For TACommonDriftVariation, we think the granularity of  for FR1 is too fine. We can consider  instead. 

	ZTE
	We are fine with this proposal. Although the FR2 part is still pending in RAN2 without issues, it may be also fine to achieve the agreement in Rel-17 to alleviate the efforts for next release.

	Spreadtrum
	We support the proposal.

	Lenovo/MM
	Support.

	LG
	Support in principle but it can be discussed further after the issue #1 is determined. 

	Intel
	Support the proposal

	Panasonic
	Support.

	Sony
	We think the granularity of common TA was agreed as  in last meeting. So, the granularity for TAcommonDrift and TAcommonDriftVariation should also be .

	Huawei, HiSilicon
	Fine with the first three components.

	Nokia, Nokia Shanghai Bell
	We see the proposed granularities and bit allocations as higher than what was found as sufficient for the UE to keep track of the Common TA.  As a starting point we do not see a need for dividing between FR1 and FR2, as this comes down to the modelling accuracy for the polynomial fit. The parameters should be sufficiently accurate to deliver a good time-wise prediction of the Common TA, irrespective of the FR that is used for operation. Basically, any noise we introduce due to quantization error should be significantly smaller than the error that happens due to the poor fit to the time-wise development of the common TA (and the associated modeling). Hence, we prefer to have the same numbers and granularity for FR1 and FR2 (if FR2 is to be supported).

	Baicells
	We agree with Apple that : For TA_common, the  for FR1 is 2 (i.e., 60 kHz SCS) according to the agreement. Then the value range of TA_common is 33242879, which is 25 bits.  

	MediaTek
	Support proposal

	Samsung
	OK, but discuss after Issue#1.



[bookmark: _Toc87816944]Updated proposal based on company views (First round of email discussions)
On [Apple, Baicells]’s feedback: Correct, if 60 kHz with Extended cyclic prefix if to be considered,  for FR1 is 2 (please note that RAN4 concluded not to define Te_NTN requirement for UL SCS = 60 KHz in Rel-17). And if we consider Satellite velocity 8 km/s (as what we did for ephemeris bit allocation) the value range for TAcommonDrift should be updated accordingly. w.r.t the granularity of 1st and 2nd order derivative: It is clear that chosen granularity will have an impact on the validity duration. If we consider  for first order, 15 bits will be needed, meaning that 3 bits are saved when the granularity is  . But what is the expected Common TA prediction time? To Moderator, such finer granularity is needed to have reasonable Common TA prediction timer period .e.g. 20s or more as confirmed by simulations.
On Nokia’s feedback: Clearly, the Granularity for the Common TA parameters, is dependent on the highest allowed numerology supported for data, for the given Frequency Range and to large extent on the validity duration. When dividing between FR1 and FR2, only one bit is saved per each Common TA parameters. Therefore, we can simplify the design and consider only one FR. In this case, Moderator view is to consider FR2 (even if it is deprioritized so far). 
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Summary of first round discussions is given in section 2.2
Based on the above discussions, value ranges and bit allocation can be updated for the 4 parameters as follow:

Updated Proposal 2:

Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder] are indicated with the following range, granularity and bits allocation:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	
 - 261935… + 261935
(i.e: --53.33   … +-53.33 ) 

	
	19 bits

	TACommonDriftVariation
	
0…29470
(0…0.60 )

	
	15 bits

	[TACommonThirdOrder]
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	
· Value ranges are given in unit of corresponding granularity




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

	LG
	Support

	Intel
	Support

	Nokia, Nokia Shanghai Bell
	In principle we can support this. We still see the proposed granularities and bit allocations as higher than what was found as sufficient for the UE to keep track of the Common TA. Basically, any noise introduced due to quantization error should be significantly smaller than the error that happens due to the poor fit to the time-wise development of the common TA (and the associated modeling). On the other hand, we support that same parameters are used for FR1 and FR2, as this comes down to the modelling accuracy for the polynomial fit. The parameters should be sufficiently accurate to deliver a good time-wise prediction of the Common TA, irrespective of the FR that is used for operation.

	MediaTek
	Support

	Apple 
	We still try to find the justification of the granularity of TACommonDrift. 
Consider SCS=120 kHz for FR2. The CP length is 0.59 us and 10% of CP length is 0.059 us. If the granularity of TACommonDrift is 0.2e-3 us/s, then after 30 seconds, the quantization error is up to 0.006 us. Do we really need this level of accuracy (i.e., 1% of CP length at SCS=120kHz) at the cost of additional signaling overhead?
Regarding the value range of TACommonDriftVariation, could it be clarified why the value range of 0.6 us/s/s is selected?
Also, we feel the value range discussion here is related to the updated Proposal 7-2 (polynomial to calculate common TA).

	ZTE
	We are supportive to take this value range as WA. 

	Panasonic
	Support.

	Baicells
	For the granularity of , we prefer    ( or just  ) . Because  is not a precise definition and may introduce ambiguity.

	Ericsson
	(Already agreed as a working assumption on the reflector)



	Parameter name 
	Value range
	Granularity
	Bits allocation

	
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	
	26 bits

	TACommonDrift
	
 - 261935… + 261935
(i.e: --53.33   … +-53.33 ) 

	
	19 bits

	TACommonDriftVariation
	
0…29470
(0…0.60 )

	
	15 bits

	[TACommonThirdOrder]
	-4912…+4912
(-0.015 …+0.015 )
	
	14 bits

	
· Value ranges are given in unit of corresponding granularity
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w.r.t to this issue, 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 following agreement was made at RAN1#106-bis-e :
Agreement:
Common TA 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
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

To resolve remaining FFS, the following proposal was heavily discussed during RAN1#106-bis-e, but without any consensus:
Proposal:
One of following options is to be supported:
       Option 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris.
       N is optionally signaled with the ephemeris (otherwise 0).
       Option 2: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for.
Note: “implicitly known” means that UTC is not provided to define Serving satellite ephemeris Epoch time
The Moderator made the following recommendation at previous meeting:
	FL Recommendation: 
For next RAN1 meeting, companies are encouraged:
•	to further discuss and down select one of the above options (refer to Proposal above).



The companies proposals and observations regarding issue#3 are collected in the following table:
	Companies
	Proposals 

	Huawei, HiSilicon
	Proposal 2: The satellite ephemeris and Common TA are always in the same SIB message.
Propose 4: The epoch time for common TA and satellite ephemeris is defined as the starting time of the SI window carrying the common TA and satellite ephemeris.

	Nokia, Nokia Shanghai Bell
	Proposal 5: Epoch time for Common TA is defined as the point where prediction time equals zero for the equation describing the time-wise evolution of the Common TA.
Proposal 6: Epoch time for Common TA is also defined as the point in time where the parameters for Common TA are assumed to be representative of the Common TA.
Proposal 15: The serving satellite ephemeris and common TA related parameters should be signalled in the same SIB message and have the same epoch time.
Observation 23: The gNB needs flexibility for mapping information of time from external systems (NTN control center) into the NR system’s understanding of time.
Proposal 44: 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.


	vivo
	Proposal 2: Support the same epoch time for common TA parameters and satellite ephemeris, and the reference point of epoch time is located at satellite.


	Spreadtrum Communications
	Proposal 1: The common TA epoch time is set to be the end of SI window of SI message carrying Common TA parameters.
Proposal 8: The serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.

	Thales
	Proposal 4: 
Satellite Ephemeris data and Common TA related parameters are sent within the same SIB/SI.
The epoch time of serving satellite ephemeris implicitly known as a reference time defined by the starting time of a DL slot and/or frame is used as reference time for Common TA parameters.
Proposal 5: 
The Epoch time of common TA parameters is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the common TA parameters are valid for
Proposal 12: 
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the Serving satellite ephemeris data is valid for.

	NEC
	Proposal 4. The Common TA epoch time is set to be the Nth slot after start of SI window of the SI message carrying common TA parameters.
Proposal 6. Apply the same reference time for both Satellite Ephemeris data and Common TA related parameters.

	PANASONIC R&D Center Germany
	Proposal 4: gNB computes and signals common TA parameters with respect to one of the following reference points:
1. starting point of SI window in which the SIB, carrying common TA parameters, (SIB_NTN for short) is transmitted
2. starting point of SFN in which SIB_NTN is transmitted 

	CATT
	Proposal 1: Serving satellite ephemeris Epoch time should be linked to the DL slot and/or subframe carrying the ephemeris information.

	MediaTek Inc.
	Proposal 8: Send LS to RAN2 asking RAN2 to consider Option 1 and Option2 for serving satellite ephemeris Epoch time for the specification of  which SIB can be used for indication of ephemeris and common TA parameters. RAN2 may down-scope Option 1 and Option 2, where only one option will be used.

	Ericsson
	Proposal 10	Epoch time for serving satellite ephemeris is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number that are signaled with the serving satellite ephemeris.
Proposal 11	Epoch time for Common TA is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number that are signaled with the Common TA parameters.

	Baicells
	Proposal 3-1: Common TA Epoch time is implicitly know as a reference time defined by the starting time of a DL slot and/or frame, which is given by predefined rule.
Proposal 11-1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris. And we prefer N is 0.


	CMCC
	Observation 3: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).

Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, support Option 1, i.e.,
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).

	Intel Corporation
	Proposal 2: 
· Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by using pre-defined rule without additional indication


	Xiaomi
	Proposal 4: The epoch time of satellite ephemeris and common TA parameters is defined by the starting time of DL slot indicated by the network.

	ZTE
	Proposal 13: The epoch time of assistance information can be implicitly indicated to UE using SFN and subframe index.

	Fraunhofer IIS - Fraunhofer HHI
	Proposal 3: RAN1 to consider the DL slot where the common TA parameters broadcast to the NTN UE as the common TA epoch time. 

	Apple
	Proposal 5: The epoch time for common TA is set as the start of SI window of SI message carrying common TA parameters.

Proposal 12: The epoch time for serving satellite ephemeris is set as the start of SI window of SI message carrying serving satellite ephemeris.

	NTT DOCOMO, INC.
	Proposal  4:  Serving satellite ephemeris and/or common TA parameters Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for. 
Proposal 6: The common TA parameters and satellite ephemeris are sent within the same signaling, e.g., SIB1, and the same Epoch time can be used for both of them. 


	Qualcomm Incorporated
	Observation 1: Defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays.
Proposal 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame at the reference point where common TA equals 0.



[bookmark: _Toc87816947]Company views 
This is the summary of companies expressed views within the contributions:

Support same/single Epoch time for Common TA and Serving satellite ephemeris: [Huawei, HiSilicon, Nokia, Nokia Shanghai Bell, vivo, Thales, NEC, MediaTek, Ericsson, CMCC, Xiaomi, ZTE, NTT DOCOMO]

w.r.t down selection of  one of  the two options defining the epoch time:

	Option 1: Epoch time of Common TA and Serving satellite ephemeris is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Common TA parameters and Serving satellite ephemeris.
       N is optionally signaled with the ephemeris (otherwise 0).
	Huawei, HiSilicon, Spreadtrum Communications, NEC, PANASONIC, CATT, MediaTek (send LS to RAN2 and up to RAN2 to decide), Baicells, Intel, Xiaomi, Fraunhofer, Apple, Qualcomm

	Option 2: Epoch time of Common TA and Serving satellite ephemeris is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris and Common TA data is valid for.
	Nokia, Nokia Shanghai Bell, Thales, PANASONIC, MediaTek (send LS to RAN2 and up to RAN2 to decide), Ericsson, CMCC (If Approach 1 refer to CMCC Tdoc, up to RAN2), ZTE, NTT DOCOMO




For obtaining a common ground for the understanding of the baseline for the parameters that are used for the description of the Common TA, [Nokia] proposed that Epoch time for Common TA is defined as the point where prediction time equals zero for the equation describing the time-wise evolution of the Common TA.
For [Ericsson]: Option 2 is preferred since it does not rely on SSE being sent in a particular SIB. The SFN and sub-frame number is limited to 10+4 bits, which is an acceptable overhead. The same solution should be adopted also for epoch time of Common TA parameters.
For [MediaTek, CMCC] proposed to send an LS to RAN2 and RAN2 may down-scope Option 1 and Option 2, where only one option will be used. 
Further [Thales] proposed : Send LS to RAN2 asking RAN2 to include serving satellite ephemeris and common TA related parameters within the Minimum SI: either SIB1 or a specific NTN MSI.

Moderator view: First, as already discussed in last meeting it is worth noting that in NTN serving satellite ephemeris and common TA related parameters are essential information required for initial access, thereby, such information should be encompassed within  Minimum SI (MSI): Either SIB1 or a specific NTN MSI.
Also, to Moderator understanding If the SFN and slot or sub-frame number (preferably use sub-frame as it provides an SCS agnostic time reference) are given to indicate the time assistance data (ephemeris and common TA) is valid for, the assistance data can be repeated as shown in Figure 1 .With option 1, the broadcast data cannot be repeated. 


0. [bookmark: _Toc87816948]Initial Proposal 3-1

Based on the above discussions, initial Proposal 3-1 is made as follows:

Initial Proposal 3-1:
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.

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

	OPPO
	support

	Ericsson
	Support

	Apple
	Agree

	ZTE
	We are supportive of this proposal.  Keeping the indication of these two parameters in same SIB will simply the design.

	CMCC
	Support

	LG
	Support

	NTT DOCOMO, INC.
	Support

	Intel
	Support the proposal

	NEC
	Support. 

	Panasonic
	Serving satellite ephemeris and common TA parameters may be valid over intervals of different duration, i.e., satellite ephemeris in the order of minutes and common TA parameters up to ~20 seconds. Hence, epoch time should be indicated separately.
Updated Initial Proposal 3-1:
Serving satellite ephemeris and common TA related parameters are signalled in the same SIB message, but the epoch time is separately indicated.

	Sony
	Support the proposal.

	vivo
	Support

	Huawei, HiSilicon
	Support

	Nokia, Nokia Shanghai Bell
	Agree. This would also resolve any issues with respect to how to restart the validity timer. At least, there could be a rule that the validity timer is only restarted when both pieces of information are delivered in the same SIB.

	Fraunhofer IIS, Fraunhofer HHI
	Support. 

	MediaTek
	Support proposal

	QC
	OK

	Moderator
	To Panasonic: If we agree that “Serving satellite ephemeris and common TA related parameters are signalled in the same SIB message”, a single validity duration is used as per previous RAN1 meeting:
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 
Moderato view: same Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) can be used.




0. [bookmark: _Toc87816949]Initial Proposal 3-2
Based on the above discussions, initial Proposal 3-2 is made as follows:

Initial Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the assistance information is valid for.

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

	OPPO
	We think the proposal is confusing. From FL analysis, it would be better to rephrase it as
Initial Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or in a frame provided by indication with the SFN number and the sub-frame number that the assistance information is valid for in the NTN-SIB.


	Ericsson
	We support the proposal in principle but agree with OPPO that the wording could be further improved. We suggest the following:
Initial Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information.

	Apple
	To support the repetition of SIB broadcasting, we could assume the epoch time is configured as the starting time of a DL sub-frame and/or frame of the start of SI window of the initial SI message carrying the assistance information (i.e., satellite ephemeris and common TA parameters). 

	ZTE
	We are supportive of this proposal. As highlighted in our contribution, to address the potential ambiguity due to the repetition of one SIB, the quasi-deterministic indication is preferred.

	Lenovo/MM
	We also think the proposal is confusing, and think Ericsson’s version is more clear. 
We think the epoch time can be the start of the SI window no matter which repetition. The time domain offset between the epoch time and the time of common TA/satellite ephemeris reception can be implicitly determined. In this case, the broadcasted information can also be repeated.

	CMCC
	Conditional support for this proposal.
As highlighted in our contribution (R1-2111606), two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
It is up to RAN2 to determine which approach is adopted for updating the assistance information.
If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is agreed to be adopted, we support Initial Proposal 3-2 in principle.
Nevertheless, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period. If needed, we can say that the serving satellite epoch time is implicitly known as the start boundary of the current SI modification period.

	LG
	Support

	NTT DOCOMO, INC.
	Support this proposal. Rewording of OPPO and Ericsson is also reasonable for us.

	Intel
	Support the proposal in principle. Wording from Ericsson is fine with us. 

	Panasonic
	Explicit indication of SFN and sub-frame number is not needed. Both can be derived from the respective SIB’s position in a frame as discussed in our contribution R1-2111355.

Updated Initial Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame. SFN and the sub-frame number for which the assistance information is valid are implicitly signaled as starting point of SFN in which the assistance information is transmitted.

	Sony
	Support.

	Huawei, HiSilicon 
	We share similar view with Panasonic and support the modification as well.

	Nokia, Nokia Shanghai Bell
	Agree. A note here is that this the gNB should have the flexibility to provide an indication sufficiently into the future to also allow the UE to do interpolation until the data is valid. This would be useful since the satellite’s movement is highly predictable, and both satellite ephemeris and Common TA should be possible to be calculated on both sides of the Epoch time. Preferably the gNB should have the possibility to indicate an Epoch time several seconds into the future, where a suggestion could be to use 0.5 times the amount of the maximum validity timer.

	Baicells
	We have similar view with Panasonic and Huawei.We prefer a more simplified and straightforward way for the Epoch time indication. We also prefer to use 'DL sub-frame' instead of  'DL sub-frame and/or frame', because sub-frame more precise for time indication. Therefore,we suggest the following:
Updated Initial Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as a reference time defined by the starting time of a DL sub-frame. 

	Samsung
	Support.
For Initial proposal 3-2, Ericsson’s modification seems clearer.

	QC
	We don’t understand why SI repetition across SI window is needed. Actually, network should be encouraged to transmit the latest data to allow longer validity duration at UE. In our view, there is no need to indicate the SFN. We just need to define it, e.g.,., the end of the SI window.
Proposal: Epoch time of an assistance information in SIB (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.

	
	



[bookmark: _Toc87816950]Updated proposal based on company views (First round of email discussions)
The following agreement was made at the GTW session of 12 Nov.21
Agreement
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.
Regarding Initial Proposal 3-2
12 companies are supportive of the Initial proposal: [OPPO, Ericsson, ZTE, Lenovo/MM, CMCC (conditional support), LG, NTT DOCOMO, Intel, Sony, Thales, Nokia, Nokia Shanghai Bell, Samsung]
[Panasonic, Huawei, HiSilicon, Baicells]: Proposed not to explicitly indicate the epoch time as:  SFN and the sub-frame number for which the assistance information is valid are implicitly signaled as starting point of SFN in which the assistance information is transmitted.
w.r.t [Apple, Lenovo/MM, Panasonic] comments: To support the repetition of SIB broadcasting, if it is assumed that the epoch time is configured as the start of SI window of the initial SI message carrying the assistance information. It is not clear how the UE and with which precision it can know the start of initial transmission of SI message carrying the assistance information. The Epoch time is really a critical information to know by the UE with good precision. Any error on epoch time will be translated to a bad accuracy of Common TA prediction and orbit propagation at the UE (thus, UE specific TA calculation).
Moderator also shares the view as noted by [Nokia] the gNB should have the flexibility to provide an indication sufficiently into the future to also allow the UE to do interpolation until the data is valid. This would be useful since the satellite’s movement is highly predictable, and both satellite ephemeris and Common TA should be possible to be calculated on both sides of the Epoch time.
More importantly, for a UE in RRC_CONNECTED, the network can provide system information through dedicated signaling using the RRCReconfiguration message, e.g. if the UE has an active BWP with no common search space configured to monitor system information. In such case, a quasi-deterministic indication based on SFN and sub frame indication is the only possible solution.
As highlighted by ZTE: to address the potential ambiguity due to the repetition of one SIB, the quasi-deterministic indication is preferred (based on SFN and Sub frame indication)  to moderator, the cost is 14 bits.
Regarding CMCC’s comment:
Moderator share the view that only Approach-1 (discussed in R1-2111606). Approch-2 is questionable: we should not impact existing the SI modification period procedure. Which of course cannot be as short as the update period for the assistance information (Common TA and Ephemeris data). Moderator view: Approach-1 is preferred.

Regarding QC’s comment/question on SI repetition across SI window is needed: In NTN serving satellite ephemeris and common TA related parameters are essential information required for initial access, thereby, such information should be encompassed within  Minimum SI (MSI): Either SIB1 or a specific NTN MSI. If SIB1 (please see Figure 1 below) is used, It is true that the Network is encouraged to transmit the latest data to allow longer validity. But it is enough if such fresh data is transmitted .e.g. every 160ms (this is the periodicity of SIB1) and can be repeated every SIB1 repetition period (variable transmission repetition periodicity as specified in TS 38.213, Default periodicity of 20ms). 
[image: ]
[bookmark: _Ref87798848]Figure 1 Epoch time of common TA parameters and serving satellite ephemeris


0. [bookmark: _Toc87816951]Updated Proposal 3-2
Summary of first round discussions is given in section 3.2
Based on the discussions  during first round (summarized in section 3.2 above), and for sake of clarification (based on OPPO, Ericsson, Lenovo/MM inputs, Intel) the wording can be improved. Updated proposal is made as follows:

Updated Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information.

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

	Intel
	We support the proposal. The proposed solution provides sufficient flexibility for the network to configure the epoch time for satellite ephemeris and Common TA including cases with fixed epoch time for multiple SIB transmissions. The detailed procedure for SI update for satellite ephemeris and Common TA can be discussed in RAN2.

	CMCC
	Regarding the following two approaches:
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
We can understand Moderator’s concern on Approach 2. Although how long to update SIBs is up to network implementation, and according to the specification, the modification period can be configured as short as 640ms, NW may seldomly update SIBs in the terrestrial network. Thus, Approach 2 may restrict network implementation flexibility.
If everyone prefers Approach 1, we can support the proposal.
Nevertheless, we suggest to make a working assumption for Approach 1, and send a LS to RAN2 for confirmation, since there may be some spec impact in RAN2.
Working assumption:
· Changes of the assistance information ((i.e. Serving satellite ephemeris and Common TA parameters)) should neither result in system information change notifications nor in a modification of valueTag in SIB1

	Nokia, Nokia Shanghai Bell
	Agree.

	MediaTek
	Support

	Apple 
	Regarding the comment: “It is not clear how the UE and with which precision it can know the start of initial transmission of SI message carrying the assistance information.” We assume UE knows the scheduling of SIB1 (including repetitions), or the scheduling of other SIBs with assistance information (including repetitions). Please correct if something is missing. 
For the system information in dedicated RRC signaling, we do not know if it has to be the same assistance information contents as those in SIBs. It may be discussed separately. In dedicated RRC signaling, it is possible to indicate the epoch time explicitly.

	Lenovo/MM
	Support.

	ZTE
	Fine.

	NTT DOCOMO, INC.
	Support.

	Sony
	Support.

	Panasonic
	Support.

	Xiaomi
	Support

	Huawei, HiSilicon
	We think both option works. One possible compromise is to support both options. The SFN and a sub-frame number parameters can be optionally signaled in SIB together with the satellite ephemeris and common TA.

	Baicells
	We share the same view with Huawei.

	Ericsson
	Support

	QC
	We should separate SIB message and dedicated signaling.
For SIB, there is no need of signaling of SFN. The above is ok for dedicated signaling. 





Modified Proposal 3-2:
Epoch time of an assistance information in SIB (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.


[bookmark: _Toc87816952]Issue#4 [CLOSED]:  Indication of TA margin
The following conclusion was made at previous RAN1 meeting:
	Conclusion:
Do not define a TA margin.



But the issue of Initial TA overcompensation is still open and it is discussed under Issue 5 below.

[bookmark: _Toc87816953][bookmark: _Ref72326257]Issue#5: NTA at Initial access
Issue on Indication of TA margin was closed. But the issue of Initial TA overcompensation is still open.
In RAN1#106-e, Moderator made the following FL Recommendation:
	FL Recommendation:
For the next RAN1 meeting, companies are encouraged to provide inputs on the following questions/options:
If the UE advances its initial transmission w.r.t PRACH occasion (.e.g. by + Te_NTN) :
	RAN1 to clarify the behavior of gNB:
	What would be the adjustment to be sent in TAC/RAR?
	Option 1: the adjustment to be sent in TAC/RAR = 0
Or to avoid the UE advances its initial transmission:
	Option 2: TAcommon may include a timing offset (.e.g. = + Te_NTN ) if considered necessary to avoid that the UE over pre-compensates its TA during RACH procedure.




Observations and proposals related to NTA update/accumulation are collected in the following table:
	Company
	Proposals

	Nokia, Nokia Shanghai Bell
	Proposal 27: 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 28: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the Common TA value. As part of the UE’s implementation, the UE must still ensure that it fulfils RAN4 synchronization requirements.
Proposal 30: The TAC value definitions for msg2/msgB remain the same as for NR in Rel-16.

	Spreadtrum Communications
	Proposal 3: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 

	Thales
	Proposal 8: 
TAcommon may include a timing offset (.e.g. = + Te_NTN ) if considered necessary to avoid that the UE over pre-compensates its TA during RACH procedure.


	MediaTek Inc.
	Proposal 3: When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  


	Ericsson
	Proposal 1	When TAC () in msg2/msgB is received,  is calculated as follows: 

	Baicells
	Proposal 4-1: If the UE advances its initial transmission w.r.t PRACH occasion, the TA to be sent in TAC/RAR should be 0.
Proposal 4-2: TAcommon should not include a timing offset. This issue can be up to implementation.

	Xiaomi
	Proposal 7: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
  

	CMCC
	Observation 4: Whether set  to 0, or which component is included in , are up to network implementation.
Proposal 8: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support Option 2, i.e.,  may include a timing offset (.e.g. = + Te_NTN ). No addition spec impact is expected with this solution.
Proposal 9: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
·  and  = 0
· or, 
where, is the TAC field in msg2/msgB.


	ZTE
	

Proposal 5: When TAC () in msg2/msgB is received,  is calculated as follows:

,

where  is the TAC filed received in msg2/msgB.


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


	Apple
	Proposal 8: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as .


	LG Electronics
	Proposal 7. 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


	NTT DOCOMO, INC.
	Proposal 7: It could be up to Network implementation on whether to include a timing offset in Common TA to avoid that the UE over pre-compensates its TA during RACH procedure.
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


	Qualcomm Incorporated
	Proposal 4: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,
.




[bookmark: _Toc87816954]Company views
On NTA value at Initial access, the companies views are as follow:
· NTA,old = 0: [Nokia, Nokia Shanghai Bell, Spreadtrum, Thales, MediaTek, Ericsson, Baicells, Xiaomi, CMCC, ZTE, Samsung, Apple, LG, NTT DOCOMO]
· NTA,old = 0 and  may include a timing offset (.e.g. = + Te_NTN ): [Thales, CMCC] 
· NTA,old =    (The above supports a maximal negative delay of 2 s for 480 kHz SCS): [Qualcomm]
Moderator view: If the UE does not delay its initial transmission (at least by + Te_NTN) there might be two issues; issue (i) and/or Issue(ii) discussed hereafter:
Issue (i): Performance impact (unwanted interference with previous PRACH occasion or UL PUSCH/PUCCH)
w.r.t (i) as highlighted by some companies (.e.g. ZTE- R1-2008851) negligible impacts due to the pre-compensation error (+/-Te_NTN) can be observed: we may conclude that any delay in initial transmission might not be needed as long as the initial transmission requirement is satisfied (within  +/-Te_NTN).
Issue (ii): As per RAN4 requirement: When the transmission timing error between the UE and the reference timing exceeds ±Te_NTN then the UE is required to adjust its timing to within ±Te_NTN. If the UE advances its initial transmission by + Te_NTN, RAN1 needs to clarify the behavior of gNB. And define/clarify the adjustment to be sent in TAC/RAR. To do so, two options may be discussed:
· Option 1:  NTA,old = 0 and it is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) to avoid that the UE over pre-compensates its TA during RACH procedure.
· Option 2:  as proposed by [Qualcomm]

0. [bookmark: _Toc87816955]Initial Proposal 5
Based on the majority view, the Initial proposal  on Issue#5 is made as follows (first bullet was already agreed in IoT NTN):
Initial proposal 5: 
· When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
 .
Where,  is the TAC field in msg2/msgB

· It is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) within  to avoid that the UE over pre-compensates its Initial TA during RACH procedure .

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

	OPPO
	The first bullet and the second bullet seem to talk different things. Suggest to remove the second bullet. Or make the second bullet a separate conclusion. 

	Ericsson
	Support

	Apple
	Agree with the first bullet. 
We do not think the second bullet is needed. TAcommon should not be used to include the over pre-compensation in UE’s PRACH transmission. Also, the second bullet is like network implementation, which should not be agreed. 

	ZTE
	We are fine with this proposal but prefer to remove the following since it may not need to introduce such guidance as part of agreement.
· It is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) within  to avoid that the UE over pre-compensates its Initial TA during RACH procedure .


	InterDigital
	Support

	Spreadtrum
	We support the first bullet.
The second bullet should be removed.

	Lenovo/MM
	Support.

	CMCC
	Support.

	LG
	Support the first bullet, and the second bullet should be removed.

	NTT DOCOMO, INC.
	Support.

	Panasonic
	Support.

	Sony
	Support the proposal.

	vivo
	Support

	Huawei, HiSilicon
	Support 

	Nokia, Nokia Shanghai Bell
	OK.
The second part seems obvious and does not need to be captured. The gNB can configure the TA_Common value as it wants. No need to put limitations here.

	Fraunhofer IIS, 
Fraunhofer HHI
	Support.

	Baicells
	Agree with the first bullet. 
The second bullet should be removed. As mentioned by Apple and our previous proposals, TAcommon should not be used to include the over pre-compensation in UE’s PRACH transmission. 

	MediaTek
	Support proposal

	Samsung
	Support

	QC
	We have strong concern to implicitely include a TA margin in common TA. When doing so, TA common will be biased, which in term will cause additional timing error in connected mode. For instance, there are proposals to rest close-loop TA accumulation or trade the accumulation with open-loop TA values at the time of update of open-loop parameters. These are all valid UE implementation subject to RAN4 relevant requirement. With a biased TA common, UE cannot reset or autonomously change the closed-loop TA accumulation because a UE with perfect open-loop TA corresponds to a nonzero the closed-loop TA accumulation.
Hence a negative TA_old is needed.




[bookmark: _Toc87816956]Updated proposal based on company views (First round of email discussions)
Companies supportive of Initial Proposal 5: OPPO, Ericsson, Apple, ZTE, InterDigital, Spreadtrum, Lenovo/MM, CMCC,LG,NTT DOCOMO, INC., Panasonic, Sony, vivo, Huawei, HiSilicon, Thales, Nokia, Nokia Shanghai Bell, Fraunhofer IIS, Fraunhofer HHI, Baicells, MediaTek,Samsung.
QC raised strong concern, and proposed to support a negative TA_old is needed at Initial Access. And proposed the following revision:
Suggested proposal 5 [Qualcomm]: 
· When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
.
Where,  is the TAC field in msg2/msgB

The proposal was also discussed during GTW session on 12 Nov. 21. But without any consensus.

0. [bookmark: _Toc87816957]Updated Proposal 5
Summary of first round discussions is given in section 5.2

Based on the discussions during first round, it seems that further discussions are needed, the updated proposal 5 is as follows:
Updated proposal 5: 
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
RAN1 to further discuss and select one of the options below: 
· Option 1:  . And it is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) to avoid that the UE over pre-compensates its TA during RACH procedure.
· Option 2 [Qualcomm]: .
Where,  is the TAC field in msg2/msgB

Companies are encouraged to provide their comments on Updated Proposal 5 –Please elaborate :
	Companies
	Comments and Views

	LG
	We prefer to support option 1 without following sentence.
And it is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) to avoid that the UE over pre-compensates its TA during RACH procedure

	Intel
	In our view both solutions are working. We slightly prefer Option 1 since it is more aligned with Rel-15 design (positive NTA). 

	CMCC
	We support Option 1.

	Nokia, Nokia Shanghai Bell
	We support Option 1 of Updated Proposal 5. We also agree with LG to remove the second sentence part, as the gNB can anyway configure the TA_Common value as it wants. As mentioned during the GTW, the UE should just be able to have sufficient accuracy when performing random access. On top of this, some companies mentioned during the GTW that it would be sufficient to make adjustments (if needed) at the first instance of providing a regular closed loop TA update. We further believe that the combination of closed-loop and open-loop in connected mode should be handled separately, under dedicated Issue#6. The purpose of Proposal 5 is to only define the NTA update upon receiving msg2/msgB, which potential closed-loop solutions will take as a starting point.

	MediaTek
	Support Option 1. Sentence is not needed. RAN4 discussing transmit timing error in the order of  Te-NTN = 25.Ts=0.8 us. In case of negative initial TA over a few samples, the simplest thing is that UE starts transmitting Msg3 with positive initial TA applied and not apply negative TA. We have already agreed that no TA margin needed for UE pre-compensation. The Closed-Loop TAC should then work as normal afterwards.

	Apple
	We support Option 1 and agree with LG and Nokia to remove the second sentence in Option 1.
The TA margin is not defined since the performance degradation is not significant. We are fine not to introduce negative items in msg2/msgB. Instead, we could reply on TA command MAC CE to correct UE’s over-estimated TA. 

	Lenovo/MM
	We prefer Option 1.

	ZTE
	Still prefer to the Option-1

	NTT DOCOMO, INC.
	Prefer option 1. Deleting the sentence proposed by LG is also fine for us.

	vivo
	Support option 1.

	Spreadtrum
	We prefer option 1.

	Panasonic
	Support for Option 1 with the sentence “And it is left to the Network to include or not a timing offset (.e.g. = + Te_NTN ) to avoid that the UE over pre-compensates its TA during RACH procedure.” removed.
Option 2’s benefit/need of introducing a default negative delay is not clear.

	Xiaomi
	Support option 1.

	Huawei, HiSilicon
	We support option 1.

	Baicells
	We are fine with Option 1. This opinion is based on the assumptions that has been converged in previous discussions, i.e.,  1)TA margin is not defined. 2) TA margin is not included in TACommon. 3) Performance degradation is not significant due to TA over pre- compensation.

	Ericsson
	We prefer option 1. The sentence “And it is left to the Network”… can be removed.

	QC
	Option 1 implies biased common TA. We are not sure about the statement that “performance degradation is not significant due to TA over pre-compensation”. If this is true, we don’t need closed-loop TA.  Our understanding is that over pre-compensation is not a big issue for PRACH detection. 
· The un-compensated negative timing error may not be a big issue for FR1 but could be a serious issue for FR2.
· The argument of applying negative TA commond after initial access may not work for FR2. The






[bookmark: _Toc87816958]Issue#6: Combination of open and closed loop TA control
During RAN1#106-bis, RAN1group discussed the following solutions to avoid the TA jump caused by double correction of closed loop and opened loop TA component :
· Solution 1:: 
· UE subtracts the difference between new value and old value NTA_UE-specific,new from the accumulative closed loop TA 
·   –( NTA_UE-specific,new – NTA_UE-specific,old)
· UE subtracts the difference between common TA derived based on new parameters NTA,Common,new  and the value based on old parameters NTA,Common,old  from the accumulative closed loop TA  ().
·   –( NTA,Common,new  - NTA,Common,old )
· Solution 2:  
· 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 adjustement rate shall be x3 per T1 seconds
· maximum aggregate adjustment rate shall be x4 per T2 seconds
· FFS the values of x1, x2, x3, x4, T1 and T2.
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,
· Solution 3: 
· Introduce two states of operation for the closed-loop, one absolute, where the TA command is applied in absolute values regardless of UE procedures (similar to RACH procedure) and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.
· Solution 4: 
· Revise the common TA update equation into gradual update equation: NTA,common = NTA, common_old + (NTA, common_new – NTA,common_old)/N
· Solution 5: 
· The accumulative closed-loop TA is reset to 0 whenever a new GNSS fix is applied in the calculation of  .
· Solution 6: 
· How closed-loop TA is determined when NTA,UE-specific  or NTA,common are autonomously updated in RRC Connected state can be up to UE implementation as long as the UL synchronization requirement is fulfilled
But no consensus on the solution to be adopted. The problem on the new open-loop TA control for NTN and the combination of opened and closed loop TA control is still not solved.
An LS to RAN4 on Combination of open and closed loop TA control in NTN (R1-2110604) was sent, the main question to RAN4 was:
Question 1: Considering the new open-loop TA control for NTN, will the requirement of gradual timing adjustment as defined in R4-2115347 apply and, if applies, what’s the reference timing in the requirement?

In last meeting, the Moderator made the following FL Recommendation:
FL Recommendation: 
For next RAN1 meeting, companies are encouraged to provide more inputs regarding this Issue
Hopefully we will close all open issues at the next meeting

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 2: In RRC connected state, set  to be zero or accumulate it to the updated  and  upon the update of ephemeris and common or GSNN position fix will lead to TA error jumping. 
Proposal 5: For RRC_CONNECTED UE, update ephemeris, common TA and GNSS at the same time and set  to 0 upon the update of these parameters.

	Nokia, Nokia Shanghai Bell
	Observation 12: 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 13: 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 14: 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 15: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
Proposal 31: 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 33: 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 34: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
Proposal 35: The TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.


	Spreadtrum Communications
	Proposal 4: It is up to UE implementation how closed-loop TA is adjusted when NTA,UE-specific  or NTA,common are updated in RRC connected state.


	NEC
	Observation 1. The NTA,common could be updated autonomously by the UE based on the Common TA parameters indicated by the Network. There is no ambiguity between the UE and the gNB in normal condition.

	CATT
	Proposal 9: 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 10: Need the clarification that N_TA should be set to zero in case that UE re-calculates the N_(TA,UE-specific) based on new UE position and satellite position not relying on previous TA information.

	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.

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


	Baicells
	Observation 5-1: If  parameters for open-loop TA are updated but the close-loop TA is not reset to 0, large error will be introduced to the UE’s total TA due to “double correction”. 
Proposal 5-1: If  parameters for open-loop TA are updated, the close-loop TA should be reset to 0 to avoid “double correction”. 


	Xiaomi
	Proposal 8: RAN1 waits for RAN4’s feedback on combination of open and closed loop TA control.

	CMCC
	Observation 5: To avoid the TA jump caused by double correction, if Solution 1 (based on gradual timing adjustment) is supported, minimum spec impact in RAN1 can be expected. Nevertheless, additional signaling overhead for closed loop TA adjustment is expected after open loop TA adjustment.
Proposal 10: To avoid the TA jump caused by double correction, one of the following solutions is supported.
· Solution 1: based on gradual timing adjustment. A big TA error caused by open loop calculation can be gradually adjusted with a minor step within a long duration.
· Solution 2: Update  to absorb the big TA error caused by open loop calculation, e.g.,

Proposal 11: To avoid the TA jump caused by double correction, if Solution 2 (Update N_TA to absorb the big TA error caused by open loop calculation) is supported, further study:
· Whether it is needed to specify the additional  update formula based on UE’s inner procedure for open loop TA update.
· How to specify it, if needed.

	ZTE
	Proposal 9: If no conclusion in RAN4 on this issue, the following solution should be specified to avoid the duplicated correction:
· 
UE subtracts the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new GNSS fix and/or new ephemeris are applied, i.e., .
· 
UE subtracts the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new common TA parameters are applied, i.e., .

	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


	Apple
	Proposal 9: When UE applies new GNSS or satellite ephemeris parameters, which results in a large offset on UE specific TA, UE resets the accumulated closed-loop TA, which is received since the previous GNSS or satellite ephemeris parameters update. 


	LG Electronics
	Proposal 8. Support independent TA update for each TA using separate TA control loops

Observation 1: It is desirable to set closed loop TA, common TA, and UE specific TA as non-conflicting. If not, the conflicts may occur, and additional UE behaviour might be necessary.

Proposal 9. In order to prevent double correction (or TA jump), separate updating duration for closed loop TA (), common TA (), and UE specific TA () can be configured by gNB, respectively.


	Lenovo, Motorola Mobility
	Proposal 1: 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.

	NTT DOCOMO, INC.
	Observation 4: 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 considering the constraints of timing jump value.
· 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. 




[bookmark: _Toc87816959]Company views
w.r.t to issue on combination of open and closed loop TA control in NTN, some companies provided solutions from RAN1 perspective within the contributions submitted to RAN1, refer to above table.
Furthermore, as per the R4-2120312 and R4-2120311 recopied below RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. There are two options alternatives for further discussion in RAN4, see hereafter:

	R4-2120312: Reply LS on combination of open and closed loop TA control in NTN

RAN4 would like to thank RAN1 for the LS on Combination of open and closed loop TA control in NTN. RAN4 has discussed the question asked in the LS, and would like to share the current status of the discussion in RAN4 with RAN1.

Question 1: Considering the new open-loop TA control for NTN, will the requirement of gradual timing adjustment as defined in R4-2115347 apply and, if applies, what’s the reference timing in the requirement?

RAN4 has investigated whether and how to define an NTN UE UL timing requirement to ensure the newly identified issue (described in the LS, so called “double-correction” issue) can be properly verified. The consensus of the group, RAN4, is “double-correction” issue should be verified by RAN4 requirements. According to the RAN4 understanding, Question 1 has the following two embedded questions:

(1) whether the gradual timing adjustment in R4-2115347 resolves the identified issue,
(2) if the answer is yes, what is the reference timing in the requirement.
 
RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. There are the following two alternatives for further discussion.

· Option 1:
· RAN4 to replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
· Option 2:
· RAN4 to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
· FFS on whether the requirement regulating “double-correction” issue would be a stand-alone requirement
· FFS on whether and how to incorporate the current gradual timing adjustment defined in 7.1.2.1 of TS38.133
· FFS on whether and how to incorporate UE specific change due to satellite position change and feeder link delay change
· FFS on the detailed requirement values and the definition of reference time in terms of UL timing error measurement




	R4-2120311: Reply LS on NTN UL time and frequency synchronization requirements
RAN4 would like to thank RAN1 for the LS on NTN UL time and frequency synchronization requirement for initial access (i.e. PRACH transmission) and UL transmissions in RRC_CONNECTED state (R1-2102263). Based on the last reply LS (R4-2115347), RAN4 would like to provide the further information on UE initial transmit timing error requirement as follows:
Question 1: What are the NTN UL time synchronization requirements?
· For initial access (i.e. PRACH transmission)
· For UL transmissions in RRC Connected State
[RAN4]: The UL timing requirements for NTN UE will be specified in RAN4 are summarized as follows: 
· For initial access (i.e. PRACH transmission)
· Initial transmit timing error requirement
The UE initial transmission timing error requirement for initial access is defined when the PRACH transmission or the msgA transmission. And the UE initial transmission timing error shall be less than or equal to Te_NTN where the timing error limit value Te_NTN is specified in Table 1. In order to derive Te_NTN, RAN4 assumed Te_NTN = Te + Te_GNSS + Te_SAT, where,
· Te is the legacy timing error
· Te_GNSS is the GNSS accuracy
· Te_SAT is the serving-satellite position estimation error
Table 1: Te_NTN Timing Error Limit
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[29]*64*Tc

	
	
	30
	24*64*Tc

	
	
	60
	N.A

	
	30
	15
	[24]*64*Tc

	
	
	30
	22*64*Tc

	
	
	60
	N.A

	NOTE:	Tc is the basic timing unit defined in TS 38.211


· RAN4 concluded not to define Te_NTN requirement for UL SCS = 60 KHz in Rel-17.
· For UL transmissions in RRC_CONNECTED state
· Initial transmit timing error requirement
The UE initial transmission timing error requirement for RRC_CONNECTED is defined when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS in RRC_CONNECTED state. The requirement is the same as Table 1.
· Gradual timing adjustment requirement
The gradual timing adjustment requirements are still under discussion in RAN4.
· TA adjustment accuracy requirement
The TA adjustment accuracy requirements are still under discussion in RAN4.




Moderator understanding: The solution to resolve Issue#6 is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement (yet to be defined).
0. [bookmark: _Toc87816960]Initial Proposal 6
With the above in mind, the following Initial Proposal is made:

Initial Proposal 6:
Conclusion:
The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.

Companies are encouraged to provide their comments on initial Proposal 6 :
	Companies
	Comments and Views

	OPPO
	Support

	Ericsson
	We support the conclusion.

	Apple
	Even UE can have new gradual timing adjustment requirement based on RAN4 agreement, we think the double correction issue still needs to be addressed in RAN1. The main issue here is about the inaccurate reference timing (due to both closed loop and open loop TA adjustment), rather than the gradual timing adjustment to an inaccurate reference timing.  

	ZTE
	We are fine to let RAN4 check it, but if no available agreement will be made in RAN4, maybe we still need to review it in RAN1 during maintenance phase.

	Spreadtrum
	Support the conclusion.

	Lenovo/MM
	Support.

	CMCC
	Support.

	LG
	Agree in principle, but we think it is desirable to conclude after reviewing the final reply LS which will be sent from RAN4.

	NTT DOCOMO, INC.
	The agreement (agreed in the last meeting and copied below) indicates that the reference time for defining UE UL timing error requirements is only related to the UE-specific TA and/or actual service link RTT. In this case, the gradual timing adjustment requirement may also be related to the UE-specific TA.
Agreement: 
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.
Due to the limited time in R17, we are basically fine with the Conclusion in Initial Proposal 6 with more clarification. For example, the reference time for the gradual timing adjustment requirement should be further clarified in RAN1. If the reference time is also only related to the part of UE-specific TA and service link RTT, common TA update methods should be further defined when the common TA parameters are updated as stated in our contribution R1-2112105 and are listed below.
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.

	Panasonic
	Support.

	vivo
	Support.

	Huawei, HiSilicon
	In our understanding the “double correction” issue can be solved directly when common TA, ephemeris and GNSS are updated at the same time. 

	Nokia, Nokia Shanghai Bell
	According to our understanding it would not be sufficient to rely on gradual timing adjustment for the issue of the UE obtaining new information on Common TA. On the other hand, relaxing further the UE timing accuracy requirement would be harmful for the system performance. When obtaining new Common TA information, the UE has been following a model of the Common TA, which over time has drifted due to a systematic error in the modelling. When UE applies the new Common TA value, there will be a “jump” in the transmit timing and if UE is not able to correct this in a fast manner, wheres the gNB will not be able either to correctly detect the UL transmissions from the UE. Therefore, we support defining solutions  as the two-state operation of closed loop. Having one absolute state, where the TA command is applied in absolute values regardless of UE procedures and another one, differential, where the TA command is applied depending on the most recent UE-specific updates.

	Baicells
	We support the conclusion.

	MediaTek
	Support conclusion

	Samsung
	Support

	QC
	Support




[bookmark: _Toc87816961]Updated proposal based on company views (First round of email discussions)
15 Companies are supportive of Initial round Proposal 6/conclusion: [OPPO, Ericsson, ZTE (review it in RAN1 during maintenance phase), Spreadtrum, Lenovo/MM, CMCC, LG, NTT DOCOMO, Panasonic, vivo, Thales, Baicells, MediaTek, Samsung, QC]
For [Apple]: Even UE can have new gradual timing adjustment requirement based on RAN4 agreement, we think the double correction issue still needs to be addressed in RAN1.
For [Huawei, HiSilicon] : the “double correction” issue can be solved directly when common TA, ephemeris and GNSS are updated at the same time
[ Nokia] support defining solutions  as the two-state operation of closed loop. 
To [LG], Final LS reply is captured in:
· R4-2120312 for Reply LS on combination of open and closed loop TA control in NTN
· R4-2120311: Reply LS on NTN UL time and frequency synchronization requirements

To [NTT DOCOMO]: To Moderator understanding:  the definition of reference time is RAN4 discussion. The following FFS is under discussion in RAN4:
· FFS on the detailed requirement values and the definition of reference time in terms of UL timing error measurement

Moderator understanding: According to the LS reply from RAN4: RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. What still need to be done at RAN1?

0. [bookmark: _Toc87816962]Updated Proposal 6
Summary of first round discussions is given in section 6.2
Based on the views expressed during first round of email discussions, Updated Proposal 6 is as follows:
Updated Proposal 6:
Conclusion:
The solution to resolve the issue on combination of open and closed loop TA control is up to the UE implementation to meet the RAN4 gradual timing adjustment requirement.

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

	LG
	OK with proposal.

	Intel
	OK

	CMCC
	OK

	Nokia, Nokia Shanghai Bell
	In principle, we see the design of a stable combinatorial solution including open-loop and closed-loop components, so that any TA jump caused by double correction is avoided, as part of RAN1 and not RAN4 responsibility.
From that perspective, and according to our understanding, it would not be sufficient to rely on gradual timing adjustment for the issue of the UE obtaining new information on Common TA. On the other hand, relaxing further the UE timing accuracy requirement in RAN4 would be harmful for the system performance. At the moment of obtaining new Common TA information, the UE has been following a model of the Common TA, which over time has drifted due to a systematic error in the modelling. When UE applies the new Common TA value, there will be a “jump” in the transmit timing. This jump the UE will not be able to correct  in a fast manner, whereas the gNB will not be able either to quickly detect the UL transmissions from the UE. Therefore, we support defining solutions in RAN1 as the two-state operation of closed loop. Having one absolute state, where the TA command is applied in absolute values regardless of UE procedures and another one, differential, where the TA command is applied depending on the most recent UE-specific updates. This will mitigate TA jumps on the UE side and allow the gNB to keep track and control of the UE actions at any point in time.

	MediaTek
	Agreed

	Apple
	we are still not convinced that RAN4’s LS addresses the issue completely. 
Let us look at an example. For simplicity, we assume UE always has latest common TA parameter and satellite ephemeris. (The similar issue may apply to not updated common TA parameter and satellite ephemeris.)
1. At time t0, UE gets GNSS1 and calculates the UE full TA1, which is accurate.
2. At time t1, UE changed location (to GNSS2) but without GNSS parameter update, UE’s full TA2 (based on GNSS1) is different from UE’s actual full TA (based on GNSS2).
3. At time t2, UE receives TA command from gNB and gets the full TA3 (based on GNSS1 and TAC), which is close to UE’s actual full TA.
4. At time t3, UE updates GNSS parameters (i.e., GNSS2) and subsequently, full TA4 (based on GNSS2 and TAC), which deviates UE’s actual full TA (or close to TA3).  
RAN4’s LS indicates that at time t3, UE is allowed to switch from TA3 to TA4, based on the new gradual timing adjustment requirement. However, this jump from TA3 to TA4 at time t3 actually leads to a wrong reference timing. Note that TA3 (rather than TA4) is still close to UE’s actual full TA at time t3. 
In our view, the potential solution at RAN1 is that at time t3, besides UE’s updated GNSS parameter (i.e., from GNSS1 to GNSS2), UE also needs to reset its TAC to TAC’. This leads UE’s full TA4’ (based on GNSS2 and TAC’), such that full TA4’ is close to the UE’s actual full TA. 

	Lenovo/MM
	Support.

	ZTE
	Fine

	NTT DOCOMO, INC.
	Thanks Moderator for providing the latest progress in RAN4. Now we know that RAN4 will define the reference time of timing error in both RRC_IDLE/INACTIVE state and RRC_CONNECTED state. Then, we are generally fine with Updated Proposal 6 considering the limited time in R17. 
However, further clarification may still be needed on what if RAN4’s definition may be different from RAN1’s agreement, “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”.

	vivo
	Support.

	Spreadtrum
	Support

	NEC
	Support

	Panasonic
	Support.

	Xiaomi
	Support.

	Huawei, HiSilicon
	Maybe it is safer not to make the conclusion given RAN4 is still working on this.

	Baicells
	As Huawei mentioned, maybe it’s too early to decide.

	Ericsson
	Based on comments from other companes, we prefer to keep this issue open for further discussion, and conclude in the end of the meeting. There may still be aspects that are better handled by RAN1 than RAN4, even though we realize that the time for RAN1 to decide on a solution is running out.
A minor comment is that RAN4 described in their reply LS two options on how they could solve this: an absolute accuracy requirement or a gradual timing adjustment requirement. We should not assume one of them in our conclusion.




[bookmark: _Toc87816963]Issue#7: UE-specific and Common TA determination
Whether to specify how the UE calculates/updates its UE-specific TA or Common TA is an open issue that was discussed during last RAN1 meetings. 
Regarding the UE-specific TA calculation/update: it seems there is a consensus that it is left to UE implementation.
But for NTA,common calculation/update, it is still FFS whether it is also left to UE implementation or RAN1 should define the formula used by the UE to derive NTA,common from related Common TA parameters if indicated. This was discussed during previous meeting, and the answer to question 4 hereafter was:
	
	NO
	YES

	Question 4: Shall RAN1 specify how UE calculates/update the NTA,common?

	ZTE, OPPO, Samsung, 
Nokia, Nokia Shanghai Bell, Intel, Spreadtrum, MediaTek, Huawei, HiSilicon, CATT, Baicells, Lenovo/MM, Thales

	NTT DOCOMO (as default method), LG, NEC, Panasonic, vivo, CMCC, QC, Ericsson, Sony, Apple



In previous meeting the Moderator made the following FL recommendation:
FL Recommendation: 
For RAN1#107-e, companies are encouraged:
· to further comment the following proposal 
· and provide inputs on how the UE calculates/updates the NTA,common
· Updated Proposal 5-3 :
· is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. How the UE calculates/updates NTA, UE-specific is left to UE implementation.
· NTA,common is updated autonomously by the UE based on the Common TA parameters indicated by the Network 
· FFS: How the UE calculates/updates the NTA,common

On this Issue the following proposals were submitted to RAN1#107e:
	Companies
	Comments and Views

	Nokia, Nokia Shanghai Bell
	Proposal 31: 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 32: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.

	Spreadtrum Communications
	Proposal 5: The calculation of UE-specific TA is up to UE implementation.

	Thales
	Proposal 9: 
-       is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. How the UE calculates/updates is left to UE implementation.
-        is updated autonomously by the UE based on the Common TA parameters indicated by the Network as follows:


	NEC
	Proposal 8. How the UE calculates/updates NTA, UE-specific is left to UE implementation.

	PANASONIC R&D Center Germany
	Proposal 1: UE combines the common TA parameters (Common TA, Common TA drift rate and Common TA drift rate variation) signalled by the network as a power series of the type, i.e., without Taylor series type factorial factors

Proposal 2: It is up to the network how the coefficients of the power series (common TA parameters) are computed. UE can assume that the indicated coefficients minimize the maximum approximation error over the validity period.
Proposal 5: UE derives N_TA,common() based on

where  denotes relative time to the  reference point based on DL reception timing and  denotes service link delay at the reference point based on DL reception timing. 


	Sony
	Proposal 3: RAN1 should specify calculation and update method for common TA with the broadcasted common TA related parameters.

	Ericsson
	Proposal 3	The UE-specific TA is the sum of two components: 1. The UL service link delay – the delay from when the UL slot to which the UE applies the UE-specific TA is transmitted from the UE until it is received (relayed) by the satellite. 2. The DL service link delay – the delay from when the corresponding DL slot is transmitted from (relayed by) the satellite until it is received by the UE.
Proposal 4	The granularity of UE-specific TA is .
Proposal 6	Based on the signaled Common TA parameters, the UE calculates the Common TA as follows: TAcommon(t)=TACommon + TACommonDrift∙(t-Tepoch) + TACommonDriftVariation∙(t-Tepoch)2 + TACommonThirdOrder∙(t-Tepoch)3 where: t is the time the UL signal passes the satellite; Tepoch is the (implicit) epoch time of the common TA parameters; TACommon is the common TA at epoch time; TACommonDrift is the common TA drift rate; TACommonDriftVariation is the common TA drift rate variation; TACommonThirdOrder is the common TA 3rd order term

	CMCC
	Proposal 12: How the UE calculates/updates  is left to UE implementation.
Proposal 13: How the UE calculates/updates  is left to UE implementation

	ZTE
	
Proposal 6:  is calculated/updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.

Proposal 7: In RRC_IDLE,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, and UL transmission time via implementation. 

Proposal 8: In RRC_CONNECTED,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, DL transmission time of scheduling information, and UL transmission time via implementation. 


	Fraunhofer IIS – Fraunhofer HHI
	Proposal 2: NTN UE calculates the common TA according to the common TA broadcast parameters describing a polynomial function given by 
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift.


	Apple
	Proposal 7: 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), is the latest received common TA drift rate variation (if indicated) and  is the gap between the common TA epoch time and the corresponding uplink transmission time.

	NTT DOCOMO, INC.
	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.
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Some companies proposed formula(s) to be used to derive NTA,common:
	PANASONIC
	

	Ericsson
	TAcommon(t)=TACommon + TACommonDrift∙(t-Tepoch) + TACommonDriftVariation∙(t-Tepoch)2 + TACommonThirdOrder∙(t-Tepoch)3

	Fraunhofer IIS – Fraunhofer HHI
	,

	Apple
	      

	Thales
	



According to others, It is up to the UE how to derive NTA,common
For [Qualcomm] the exact meaning of the signaled common TA values needs to be defined. 

Moderator’s views: There is maybe no need to specify/define how the NTA,common is computed. As captured in the Draft CR for TS38.211:  is derived from the higher-layer parameters TACommon, TACommonDrift, and TACommonDriftVariation if configured, otherwise . What is needed is to clearly define related Common TA parameters and how  is computed/updated is left to implementation. 

0. [bookmark: _Toc87816965]Initial Proposal 7

Based on the above, the follwoing Initial proposal is made:

Initial Proposal 7:
RAN1 not to define how UE calculates and updates NTA, UE-specific and NTA,common
Companies are encouraged to provide their comments on Initial Proposal 7 :
	Companies
	Comments and Views

	OPPO
	We think UE specific TA can be up to UE implementation, but common TA may need to be specified. Given that it is a TA commonly for all the UE, the calculation should be aligned among the Ues. Moreover, according to different proposals from different companies, we should clarify how to determine the target time t in the formula.

	Ericsson
	We do not support this proposal. It is RAN1 responsibility to define the TA and it needs to be unambiguously defined in order to maintain orthogonality in UL. For Common TA, there should be an explicit formula to make sure that all UE apply the same value. For UE-specific TA, we should as a minimum specify that it corresponds to the delays between the UE and serving satellite locations.
For Rel-16, NTA is specified in 38.211 and 38.213. It is reasonable that the additions for NTN – NTA,UE-specific and NTA,common – are specified in these specifications as well.

	Apple
	Disagree. 
RAN1 does not need to define how to calculate NTA, UE-specific, since the GNSS location is out of RAN1 scope. However, for NTA,common , we think at least the meaning/interpretation of common TA parameters needs to be defined. For example, one UE may use the following formula, 
      
While another UE may use a different formula, e.g., 
      

	ZTE
	We share the intention of this agreement, but the parameters required for calculation should be specified, e.g., epoch time and UL transmission time in addition to common TA parameters.

	Spreadtrum
	For UE specific TA, we agree that it can be up to UE implementation.
For common TA, the calculation should be aligned among the Ues.

	Lenovo/MM
	We are fine with moderator’s proposal and think both UE-specific and common TA can be up to UE implementation.

	CMCC
	We support the proposal in principle.
Nevertheless, to address Apple’s concern, some more specific definition on Common TA related parameters may be needed.

	LG
	Support

	NTT DOCOMO, INC.
	We support that RAN1 not define how UE calculates and updates NTA, UE-specific. 
Regarding to common TA, since the related parameters are indicated by the Network and are used by all users in its coverage, a common understanding on the common TA parameters as well as the calculation and updating method should be defined to avoid ambiguity and confusion. 
Regarding to the calculation method of common TA, the fitting method should be defined. 
Regarding to the update method of common TA, the gradual adjustment method as stated in Issue#6 should be defined.

	NEC
	We support that the calculation of NTA, UE-specific is left to UE implementation. 
The NTA,common of the Ues using the same reference point should be aligned. It is technically sensible to define how UE calculates and updates the NTA,common by RAN1. 

	Panasonic
	We agree that calculating and updating N_TA,UE-specific may be left for UE implementation. We do not agree that calculating and updating N_TA,common may be left for UE-specification. The base-station may compute the common TA parameters for a particular type of polynomial which UE must know how to replicate. 
Modified Initial Proposal 7:
RAN1 not to define how UE calculates and updates NTA, UE-specific.
RAN1 defines how UE calculates and updates NTA,common.
FFS (to be resolved in this meeting): format of N_TA,common polynomial (power series or Taylor series)

	Sony
	RAN1 should specify calculation and update method for common TA with these common TA related parameters. We think if it is only up to UE implementation, misalignment could occur between the network and UE. To ensure there is no misalignment, RAN1 should specify the calculation and update method for common TA with the broadcasted common TA related parameters. If further ptimization is required for common TA calculation and update at UE side, the ptimization could be up to UE implementation.

	Vivo
	We support UE specific TA is up to UE implementation.
While for common TA, there needs to specify/define how the NTA,common is computed, to keep common understanding on common TA between network and UE. Otherwise, there could be out of control for Gnb scheduling, resulting in serious interference between Ues within a cell due to inaccuracy TA value calculated autonomously by Ues.

	Huawei, HiSilicon
	We share similar view with several other companies that UE-specific TA can be left to UE implementation but common TA needs to be defined in the specification, otherwise, it will be difficult for the Gnb to signal the value of common TA, common TA drift and common TA delay variation since different Ues may come up with different results for the same parameter set.

	Nokia, Nokia Shanghai Bell
	Agree, as long as UE follows the requirements for timing set out by RAN4.

	Fraunhofer IIS, 
Fraunhofer HHI
	We share the same view with the majority to explicitly specify how NTN UE calculate common TA. UE specific TA is up to implementation. 

	MediaTek
	We support proposal. But we are open to companies sharing their views on what they would want to define and why it is needed considering that RAN4 has made good progress and is expected to conclude on specifications of the timing requirements in this November meeting..

	Samsung
	Support

	QC
	Support. However, we need to define the meaning of the common TA. It seems that many assumed that UE simply assumes that NTA_common =f(t) or 2*f(t) with f(t) being the function signaled by the SIB.  However, different UE will see different common TA due to different service link although the feeder link delay at a given time is common among Ues. The above assumption is not correct.
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0. [bookmark: _Toc87816967]Updated Proposal 7-1
Based on first round of email discussions, it seems NTA, UE-specific calculation can be left  to implementation following majority view.
Updated Proposal 7-1 is made as follows:

Updated Proposal 7-1:
-        is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. 
· How the UE calculates/updates NTA, UE-specific is left to UE implementation.

Companies are encouraged to provide their comments on Updated Proposal 7-1:
	Companies
	Comments and Views

	LG
	Support and we can make it as a conclusion.

	Intel
	OK

	CMCC
	Support.

	Nokia, Nokia Shanghai Bell
	Agree. It might be beneficial to include a clarification statement that the delay is calculated assuming the minimum Euclidian distance between the two points. Further, please add to the Proposal “The UE must ensure it follows the requirements for timing set out by RAN4”

	Apple
	Support

	Lenovo/MM
	Support.

	ZTE
	Follow the discussion over reflector

	NTT DOCOMO, INC.
	Fine with the proposal.

	Vivo
	Support

	Spreadtrum
	Support

	Sony
	Support.

	NEC
	Support

	Panasonic
	Support.

	Huawei, HiSilicon
	Support

	Baicells
	Support

	Ericsson
	(ongoing discussion on the reflector)

	QC
	Support



0. [bookmark: _Toc87816968]Updated Proposal 7-2
Regarding NTA,common calculation at the UE, many companies share the view that common TA calculation needs to be defined in the specification. Thus, the Proposal 7-2 is updated made as follows:
Updated Proposal 7-2:
  NTA,common is updated autonomously by the UE based on the Common TA parameters indicated by the Network.
· How the UE calculates/updates NTA,common :
One of the following options should be down-selected
· Option1: RAN1 not to define how UE calculates and updates NTA,common
· Option2: RAN1 to define how UE calculates and updates NTA,common as follows:
· Option 2-1: 
·  
· Option 2-2: 
· 
· Option 2-3: 
· 
are derived from Higher-layer parameters, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder] if indicated
[TACommonThirdOrder] is between brackets that can be removed if indication of TACommonThirdOrder is optionally supported.

Companies are encouraged to provide their comments on Updated Proposal 7-2:
	Companies
	Comments and Views

	LG
	We prefer Option 1

	Intel
	Slight preference for option 1. If the parameter meaning is clearly defined in spec then there is no need to explicitly define equations. However, in our view it is editorial issue (i.e. can be up to spec editor).

	CMCC
	We slightly prefer Option 1.
Nevertheless, to address the uncertain issue for parameter definition, we may define how to calculate common TA for demonstration in GEO scenario. In this case, we are fine to either Option 2-1 or Option 2-2.

	Nokia, Nokia Shanghai Bell
	We believe that NTA,common should be calculated in a deterministic way and applied at the same time for all UEs.

	MediaTek
	Option 1. UE implementation has to meet RAN4 requirements and no need to specify Transmitter algorithms.

	Apple
	We are open to Option 2-1 or 2-2. 
We also feel the determination of which option is related to the value range of common TA parameters (i.e., updated Proposal 2). 

	Lenovo/MM
	If it is necessary to specify how the UE calculated N_TA,common, we prefer Option 2-2. Our understanding is that option 2-1 and 2-2 can be same with suitable setting of the indicated common TA related parameters. We think simple formulation in option 2-2 is better than that in Option 2-3.

	ZTE
	Prefer to take Option-1 and if further discussion is needed, we can highlight that the time-instant should be considered for calculation. No need to define the equation. 
· Option 3: The  NTA,common will be calculated based on the indicated common TA parameter along with consideration on the epoch time and UL transmit instant of UL channel.


	NTT DOCOMO, INC.
	We are fine with either Option 2-1 or 2-2. The final editorial format can be either defining the equations directly or providing the definitions of the parameters used in the equations.
It should be also noted that Option 2-1 and 2-2 may affect the value range and the granularity of Common TA drift rate and Common TA drift rate variation. We think that current design of value range and granularity in Proposal 2 is calculated based on Option 2-1.

	vivo
	We slight prefer option 2, but more discussion is needed.

	Spreadtrum
	We prefer Option 1.

	Sony
	We support the Option 2 of the proposal. RAN1 should specify the calculation and update method for common TA with the broadcasted common TA related parameters.
If down-select from option 2, we support Option 2-2.

	Panasonic
	Support for Option 2-2.

	Xiaomi
	Support Option 2. 

	Huawei, HiSilicon
	We support option 2-1 and also open to option 2-2.

	Baicells
	Any one of these options is fine.

	Ericsson
	We prefer Option 2-2 but are also ok with Option 2-1. They are equivalent except for the scaling of some coefficients. Option 2-3 is ambiguous since  are not defined.
Option 1 is not acceptable. In order to minimize the offset between the signaled Common TA and the actual RTT between the satellite and the reference point (e.g., to get DL/UL frame alignment at the gNB), the network needs to select/optimize the common TA parameters based on knowledge on how the UE will translate them into a NTA,common. Therefore it is important that the model for how the UE derives common TA from the signaled parameters is clearly defined in the specification.

	QC
	We are fine with any of the above and we don’t see big difference among time other than potential small difference in quantization error.
We note the following:
· Slot duration is not constant at satellite/UE if common TA drift is nonzero
· The total TA for slot-N UL transmission is applied with respect to the arrival time of slot N.
· DL transmission delay and UL transmission delay at a same time are different. For feeder link, UL transmission time equals the distance between the gNB and satellite divided by the speed of light. The DL transmission delay, on the other hand, does not equal the distance divided by the speed of light.
· If a roundtrip delay is signalled in the SIB so that UE TACommon(t_slotN) in the above formula can be used as NTA,common  for UL transmission targeted at slot N, then UE will not know the time of DL slot N since UE does not know the DL transmission delay of the feeder link. 

Observation:  TACommon(t) in the above formula cannot be the NTA,common  that UE will apply.  
Hence, we need to define the physical meaning of TACommon(t) as, for instance, the distance between reference point and satellite divided by the speed of light.
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w.r.t NTN Validity duration/timer, 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 ignalin if the UE does not read the ephemeris within the validity duration.
•	FFS: Whether the same validity duration can be applied for Common TA.
Further, the following agreements were made at RAN1#106-bis-e:
Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
FFS: details on how to acquire new or additional assistance information
W.r.t Validity timer start/restart:
Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)
W.r.t Validity timer(s) for ephemeris / Common TA:
Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message.
In previous RAN1 meeting the Moderator made the following FL recommendation:
	FL Recommendation: 
For RAN1#107-e, Companies are encouraged:
· W.r.t NTN uplink sync Validity duration associated UE behavior:
-  Provide inputs regarding the remaining FFS: details on how to acquire new or additional assistance information
· W.r.t indication of the validity duration: 
- Comment/provide inputs on Updated Proposal 6-4 (rev 1):
· FFS: Whether it is defined per cell or per BWP
· FFS: whether to provide the Validity duration/timer using dedicated ignaling when UE is RRC connected, e.g. if UE is not configured with common search space.
· FFS: Its unit, value range and default value.




On Issue#8, these proposals were submitted to RAN1#107-e:
	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Observation 9: 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 12: The Validity time for Common TA may be conditional on the amount of SIB readings.
Proposal 16: the validity timer should be started/restarted only when both serving satellite ephemeris and common TA related parameters are received at the same time.
Proposal 17: Ephemeris and common TA updates should not trigger a ignalingati of all SIBs.
Proposal 18: RAN1 to consider special indication in the SI modification procedure for indication changes occurring specifically in NTN SIB or the SIB carrying NTN parameters.
Proposal 19: RAN1 shall consider special indication if the changes in NTN SIB require the UE to re-acquire the system information or if it may be left for UE implementation within validity timer. 
Proposal 20: the validity time is provided with a granularity on a per-frame level and on a per cell basis.
Proposal 21: In case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.  
Proposal 22: 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, the relevant associated Common TA parameters.
Proposal 23: 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 24: To reduce the ignaling overhead for UE reporting, UE only informs gNB to maintain the validity timer status when there is potential UL or DL data transmission.
Proposal 25: The Ues may be 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

	vivo
	Proposal 3: Support to configure validity duration per cell.
Proposal 4: Support validity duration be broadcasted together with common TA parameters and satellite ephemeris.
Proposal 5: Support to indicate validity duration using both SIB and dedicated singalling.

	Thales
	Proposal 10: 
 A single validity timer for both serving satellite ephemeris and common TA related parameters is indicated using higher-layer parameter ntnUlSyncValidityDuration.
ntnUlSyncValidityDuration is indicated in 4 bits with 16 values: 5s, 10s, 15s, 20s, 25s, 30s, 35s, 40s, 45s, 50s, 55s, 60s, 120s, 180s, 240s, 300s.


	NEC
	Proposal 9. The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.
Proposal 10. The network broadcasts the assistance information within the validity duration to avoid the UEs lose uplink synchronisation.
Proposal 11. If the assistance information is not updated at the expiry of the validity timer, UE is allowed to require the assistance information from the network, i.e. via triggering RACH.
Proposal 12. There is no need to define the validity duration on per BWP basis.

	CATT
	Proposal 7: Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 8: After UE has lost uplink synchronization caused by unavailable new ephemeris information, NTN UE will enter out of syn state and re-acquire fresh ephemeris information.

	OPPO
	Proposal 2: UE immediately trigger UL sync recovery procedure after validity duration is over. 
Proposal 3: For UL sync recovery procedure, UE monitors NTN-SIB scheduling in SIB update window. After ephemeris data acquisition, UE performs RACH procedure. 

	PANASONIC R&D Center Germany
	Proposal 3: gNB includes the validity period with ignalin common TA parameter set as separate parameter to satellite ephemeris. 
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.

	MediaTek Inc.
	Observation 3: A prediction time of 30 seconds in the UE 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. 

Observation 4: The prediction time in the NTN Contrl Center should be at least equal or greater than a typical UE prediction time of 30 seconds since the Gateway/gNB system has higher processing capability for long-term prediction of satellite position and velocity..

Proposal 4: A single time alignment validity timer is configured by the network with 
· Value range [30, 60, 90, 120, 180, 240, 300] 
· Unit is second
· Per cell
· Default value is 300

	Sony
	Proposal 5: If serving satellite ephemeris and common TA related parameters are not ignalin in the same SIB message, separate validity timers should be defined and transmitted in different system information.
Observation 3: A UE that loses UL ignalingation due to expiry of ephemeris or common TA information may still have DL ignalingation.
Observation 4: A UE should be able to know when it will lose UL ignalingation by inspection of its UL ignalingation validity timer(s).
Proposal 6: RAN1 should require a UE soon to lose UL ignalingation to enter an UL ignalingation refresh mode during which it will signal the network for assistance information to maintain UL ignalingation.
Proposal 7: The network should be able to send in a UE-specific manner assistance information for maintenance of UL ignalingation to a UE that reports imminent loss of UL ignalingation.


	Baicells
	Proposal 7-1: The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB. It is defined per cell.
Proposal 7-2: Provide the Validity duration using dedicated ignaling when UE is RRC connected, e.g. if UE is not configured with common search space.

	Xiaomi
	Proposal 9: The validity duration is defined per BWP.
Proposal 10: The validity timer can be indicated via UE-specific RRC signaling.

	CMCC
	Proposal 14: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may acquire new or additional assistance information before the associated validity expired during a process of P-RNTI triggered SI acquisition and/or during a process of autonomous SI acquisition.
Proposal 15: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may send a signaling to gNB to request for a quick response of indication of new or additional assistance information via dedicated signaling, if it fails to acquire new or additional assistance information via SI when the associated validity is to be expired due to the following reasons:
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 16: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.
Proposal 17: The validity duration for both serving satellite ephemeris and common TA related parameters can be defined per cell.
Proposal 18: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, for indication of the validity duration,
· The unit can be coarse, e.g., second or SIB period. 
· The range can be selected based on the maximum validity duration length, e.g., 10~30 s.
Proposal 19: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.


	ZTE
	Proposal 10: A single validity duration for both common TA and ephemeris parameters should be broadcast by SIB per cell. 
Proposal 11: The signaling granularity of validity duration can be chosen up to one or more seconds with larger range to cover all potential cases.
Proposal 12: The assistance information can be updated by UE through periodic SIB reading. The update period should be equal to or shorter than the validity duration to avoid synchronization loss during UL transmission.

	LG Electronics
	Proposal 6. Independent validity durations for common TA parameters and satellite ephemeris also can be supported.
Proposal 10. Support independent validity durations for two different satellite ephemeris formats in Rel-17 NTN.


	NTT DOCOMO, INC.
	Observation 6: For the update of common TA parameters and/or satellite ephemeris, the associated validity duration and Epoch time may also be updated.
Proposal 12: When UE losing uplink synchronization because of non-available new or additional information within the associated validity duration, UE follows Rel-15/16 behavior on uplink asynchronization.
Proposal 13: Validity duration for serving satellite ephemeris and common TA related parameters broadcast on the SIB is defined per cell.
Proposal 16: The validity duration and Epoch time should be signaled together with the associated common TA parameters and/or satellite ephemeris.
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Base on the views expressed within the contributions submitted to current RAN1 meeting, the majority is supportive of support of a single Validity duration for both serving satellite ephemeris and common TA. Only one company proposed to support two separate validity timers.
When it comes to the unit, value range and default value of high-layer parameter linked to Validity duration, the following was proposed by some companies:
	Granularity/unit
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

	· Granularity of Frame :
· Nokia
	
	 
	Per cell :
Nokia, vivo, Thales
MediaTek, Baicells, ZTE, NTT DOCOMO, 

	· Second :
· Thales, MediaTek, CMCC, ZTE (one or more seconds)
	· Thales : {5s, 10s, 15s, 20s, 25s, 30s, 35s, 40s, 45s, 50s, 55s, 60s, 120s, 180s, 240s, 300s}

· MediaTek : [30, 60, 90, 120, 180, 240, 300] 

· ZTE : larger range to cover all potential cases.
	300: MediaTek
	Per BWP: Xiaomi

	· SIB period:
· CMCC
	CMCC: maximum validity duration length, e.g., 10~30 s.
	
	



Moderator’s view: It is reasonable to use a single validity timer for both serving satellite ephemeris and common TA related parameters. Thus the value range to be defined for the Validity duration/timer should be the minimum validity duration  for the common TA and satellite ephemeris. Further, to simplify the design this single validity duration/timer can be broadcast per cell.

0. [bookmark: _Toc87816971]Initial Proposal 8-1
Base on the above discussion, the following initial proposals is made as follows:
Initial Proposal 8-1:
A single time alignment validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB and can be indicated using dedicated signaling.
Companies are encouraged to provide their comments and views on Initial Proposal 8-1:
	Companies
	Comments and Views

	OPPO
	Support, suggest to use a unified naming as the previous agreement to avoid any confusion 
Initial Proposal 8-1:
A single time alignment validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB and can be indicated using dedicated signaling.

	Ericsson
	We agree in principle but indicating our understanding is that validity duration in dedicated signaling is meaningful only if serving satellite ephemeris and common TA can also be indicated using dedicated signaling.

	Apple
	Fine with the proposal. 

	ZTE
	We agree to broadcast in same SIB per cell. 
But the dedicated signaling is not needed since UE can be configured with CSS when the assistance information need to be updated. For example, in legacy SIB update mechanism, UE will read SIB when it is updated. Even if the SIB carrying assistance information has different update mechanism, UE will know when it will expire and read SIB in time.

	CMCC
	Conditional support for this proposal.
As highlighted in our contribution (R1-2111606), two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
It is up to RAN2 to determine which approach is adopted for updating the assistance information.
If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is agreed to be adopted, we support Initial Proposal 8-1.
Nevertheless, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to explicitly or implicitly indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period. UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.

	LG
	We think it can be also discussed that serving satellite ephemeris and common TA related parameters can be provided by using dedicated RRC signaling.

	NTT DOCOMO, INC.
	We are fine with the proposal.

	NEC
	Support this proposal. Furthermore, as we proposed in our contribution R1-2111178: 
Proposal 9. The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.
Common TA parameters and satellite ephemeris shall be also provided using dedicated signalling to avoid BWP switch if the UE is not configured with common search space.

	Panasonic
	Common TA parameters and serving satellite ephemeris may be valid over intervals of different durations. 
Modified Initial Proposal 8-1:
Separate time alignment validity duration for both serving satellite ephemeris and common TA related parameters may be broadcast on the SIB and can be indicated using dedicated signaling.


	Sony
	Support the proposal.

	Vivo
	Support

	Nokia, Nokia Shanghai Bell
	Agree.
One aspect that may need further discussion is how to treat the validity timer when only part of the information is updated. In our opinion the validity timer should only be restarted whenever the UE receives both serving satellite ephemeris data and information related to Common TA in the same SIB.

	MediaTek
	Support proposal



0. [bookmark: _Toc87816972]Initial Proposal 8-2
Based on the above discussions the following initial proposal is made as follows:
Initial Proposal 8-2:
NTN time alignment validity duration is configured per cell with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, 300}
· Unit is second
· Default value is 300
Companies are encouraged to provide their comments and views on Initial Proposal 8-2:
	Companies
	Comments and Views

	OPPO
	As the orbital prediction model is up to UE implementation, RAN1 needs to clarify what if the configured validity duration is longer than actual validity duration validated by UE implementation, e.g. the resulting synchronization error. 

Conclusion:
The orbital propagator model to be used at UE side can be left to implementation.

	Ericsson
	Agree in principle but larger values may be needed for GEO.

	ZTE
	OK

	Spreadtrum
	We support the proposal.

	Lenovo/MM
	Fine with moderator’s proposal.

	CMCC
	Conditional support for this proposal.
If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is agreed to be adopted, we support Initial Proposal 8-2 in principle.
Nevertheless, if Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to explicitly or implicitly indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.

	Panasonic
	As pointed out for Initial proposal 3-2, epoch time can be derived implicitly from the starting point of SFN in which the assistance information is transmitted. Beneficial for this approach is an alignment of the NTN validity duration with the system frame duration. 
Initial Proposal 8-2:
NTN time alignment validity duration is configured per cell with:
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, 300}
· Value range {0.5, 1, 1.5, 2, 2.5, 3, 4.5, 4, 4.5, 5, 5.5, 6, 12, 18, 24, 30}
· Unit is second
· Unit is 10.24 seconds
· Default value is 300
· Default value is 1


	Sony
	Support the proposal.

	Vivo
	Fine with the proposal. For GEO, there should be larger values.

	Huawei, HiSilicon
	Fine in principle but the default value should take different scenarios into consideration, for LEO, the default value can be smaller as satellite switching may happen during the default 300s while for GEO the value can be much larger.

	Nokia, Nokia Shanghai Bell
	Value range seems a bit wide to the best of our understanding, and having a default value of 300 seems too high. We would prefer to set the default value to a lower value to accommodate the higher dynamics of LEO systems.

	Baicells
	We are fine with the proposal and we agree with OPPO to use a unified naming for validity duration.

	MediaTek
	Support proposal. 

	Samsung
	Support
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Following agreement was made at GTW session of 12 November 21:
Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.

0. [bookmark: _Toc87816975]Updated Proposal 8-2
Several companies would like to have larger value for GSO scenario. Moderator ‘s view: the max value of Validity duration can be set to Infinity. Such value would be relevant in case of GEO. The default value may not need to be defined in RAN1.
Based on the discussions during first round of email discussions, Proposal 8-2 is updated as follows:
Updated Proposal 8-2:
NTN validity duration is configured per cell and indicated to the UE in 4 bits with :
· Value range { 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240, Infinity}
· Unit is second

Companies are encouraged to provide their comments and views on Updated Proposal 8-2:
	Companies
	Comments and Views

	LG
	Do we need “Infinity” in the value range? We think it is more general that UE can assume that configured parameters are always valid (or validity duration is infinity) when the validity duration is not provided by network.

	Intel
	OK

	CMCC
	OK

	Nokia, Nokia Shanghai Bell
	We do not see a need for “infinity”. In the original proposal, it would be sufficient for the UE to re-read the every 5 minutes, which should be sufficient from UE power consumption perspective. On top of this, please refer to our comments in the online discussion.

	MediaTek
	Support. A large value of say 1 hour or lower  could be used instead of infinity for GEO.

	Apple
	OK

	Lenovo/MM
	Support.

	ZTE
	Infinity may not be always true for GEO.

	NTT DOCOMO, INC.
	It is not clear what “Infinity” means.

	Spreadtrum
	Support

	Sony
	Support.

	NEC
	Support

	Panasonic
	Support. 

	Baicells
	A value for 1 hour should be included. Values such as 35, 55 seconds can be deleted. We may not need values in such a high density. 

	Ericsson
	(An updated version already agreed on the reflector)



[bookmark: _Toc87816976]Issue#9: 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#9 these proposals were submitted to RAN1#107-e:
	Companies
	Proposals

	Nokia, Nokia Shanghai Bell
	Proposal 14: Wait for SA3 response to the LS on broadcast of NTN GW or gNB position before discussing further in RAN1.

	CATT
	Proposal 12: Broadcasting the gateway position is not needed.  

	OPPO
	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.

	Ericsson
	Observation 6	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 8	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.

	Xiaomi
	Proposal 11: RAN1 waits for SA3’s feedback on privacy issue and postpone the discussion on broadcasting the location of GW/gNB

	CMCC
	Observation 6: 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 7: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 8: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 20: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.
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w.r.t issue#9, there were few proposals submitted to RAN1#107-e on broadcasting the position of the GW/gNB. The issue is being discussed in SA3 this week. Hopefully we will get a response to the LS R1-2106332 by end of the week. A draft LS response from SA3 can be found in S3-214260-r1. It was stated in this draft LS, a draft answer to RAN1 Question 1:
	S3-214260-r4 (Please note: this is only a preliminary response from SA3- The LS is still under discussion on 10th of  Nov- Hopefully we will get a response to the LS by 11th  of Nov)
SA3 would like to answer the questions included in the LS from a security perspective. For regulatory aspects SA1 has provided some information and SA3-LI may respond.
SA3 would like to remind RAN1 that broadcasting any unprotected information is subject to tampering and therefore could not be fully trusted. 
From a regulatory aspect, it has to be observed that some regions may allow the publication of base stations’ locations while some regions not. Hence, broadcasting and receiving the NTN GW or gNB location should be subject to local regulation and therefore should not be mandated to be implemented due to the security concerns raised as below. 
RAN1 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?
SA3 Answer
Broadcasting its own location information by a NTN gNB or GW will lower the barrier for attackers, because much more attackers across countries or continents can obtain the NTN-GW/gNB locations effortlessly without having to physically get close to it. The more accurate the position is, the riskier the NTN-GW/gNB’s exposure becomes. 
A resourceful attacker could localize the NTN GW or the gNB using other means than the broadcast information. A gNB or NTN GW could also be in visible locations and their locations may be exposed by people on purpose or by accident. However, the situation is different from directly receiving the location information broadcast over the air interface, which is much less resource (time + cost) demanding.



Moderator’s view: Based on this preliminary response from SA3 (S3-214260-r4), it is clear that broadcasting the position of a reference point (.e.g. GW/gNB) should not be THE solution to issue related to handling of timing drift on the feeder link. If supported, it will be only supported as an optional feature.
Thereby, RAN1 may discuss if this could be supported as an optional feature that can be activated wherever possible (depending on regulation aspects). Moderator holds the view that the already discussed solution based on Common TA parameters is enough and given the remaining limited TU, the group can simply agrees and conclude to not support such optional feature.
0. [bookmark: _Toc87816978]Initial Proposal 9
Based on the above discussion, and waiting for the final response from SA3, the Initial proposal is as follows:
Initial Proposal 9:
What would be the reasonable Way forward?:
· WF1: Do not support broadcasting the position of a reference point (i.e. GW or gNB) in Release-17.
· WF2: Depending on final SA3 response, broadcasting the position of a reference point (i.e. GW or gNB) could be supported as an optional feature.
Companies are encouraged to provide their comments in the following table:
	Companies
	Comments and Views

	OPPO
	Support WF2, this feature can be very much beneficial for UE maintaining common TA. 

	Ericsson
	We support WF2.

	Apple
	We prefer WF1. 

	ZTE
	We support WF1 since there is no time to discuss details for the method of broadcasting reference point. More specifically, if RP broadcast with artificial offset is acceptable from the view of security, simulations are still required to evaluate the performance. 

	InterDigital
	Support WF2

	Spreadtrum
	We prefer WF1.

	Lenovo/MM
	We support WF1.

	CMCC
	We support WF2.

	Intel
	We prefer WF2.

	LG
	We think it is desirable to discuss after reviewing the reply LS which will be sent from SA3. If broadcasting the position of a reference point is fine to support, we can make it as an optional feature. (i.e., WF2)

	NTT DOCOMO, INC.
	We support WF1.

	NEC
	We prefer WF1. According to the reply from SA3, even though in some regions, broadcasting the position of NTN-GW/gNB might be allowed, it will bring potential security issues to the network. Any risk to the network shall be avoided from the perspective of standardization. 

	Panasonic
	Support WF1. Signalling Common TA as polynomial is a viable option for handling feeder-link timing drift. We prefer that RAN1 does not wait for an alternative solution.

	Huawei, HiSilicon
	Support WF2 but don’t have a strong view.

	Nokia, Nokia Shanghai Bell
	We would support WF2. It should be noted that all the discussions on the Common TA are based on the fact that the Common TA (and possible derivatives of the Common TA) is a (poor) attempt to describe the time-wise evolution of the feeder link delay. With the NTN-GW location the UE would be able to calculate in an accurate manner the Common TA with a duration and accuracy that is similar as what is available for the service link.
One small remark – should this initial proposal be with label “9” instead of “6”, since it blongs to issue #9?

	Fraunhofer IIS, 
Fraunhofer HHI
	Support WF1.

	Baicells
	We support WF2. 
In our view this feature is very important for the performance of NTN. 

	MediaTek
	No strong view 

	Samsung
	Support WF1.

	QC
	Suggest to delay the discussion after response from SA is received.
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The views are polarized:
WF1: Apple, ZTE, Spreadtrum, Lenovo/MM, NTT DOCOMO, NEC, Panasonic, Fraunhofer IIS, Fraunhofer HHI, (MediaTek), Samsung, (QC)
WF2: OPPO, Ericsson, InterDigital, CMCC, Intel, LG, Huawei, HiSilicon, Nokia, Thales, Baicells, (MediaTek), (QC)
The final SA3 LS reply:
	S3-214260-r7
From a regulatory aspect, it has to be observed that some regions may allow the publication of base stations’ locations while some regions not.  In the regions prohibiting broadcasting NTN-GW/gNB location the security and privacy concerns mentioned below apply.
RAN1 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?
SA3 Answer
Broadcasting its own location information by a NTN gNB or GW will lower the barrier for attackers, because many more attackers across countries or continents can obtain the NTN-GW/gNB locations effortlessly without having to physically get close to it. The more accurate the position is, the riskier the NTN-GW/gNB’s exposure becomes. 
A resourceful attacker could localize the NTN GW or the gNB using other means than the broadcast information. A gNB or NTN GW could also be in visible locations and their locations may be exposed by people on purpose or by accident. However, the situation is different from directly receiving the location information broadcast over the air interface, which is much less resource (time + cost) demanding.

RAN1 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?
SA3 Answer
If the UE has the means to calculate the positions of NTN gNBs or GWs then the NTN gNB or GW location may not be easily accessible to a casual user but it can be accessible to a resourceful attacker. As a result the situation is not different from an attacker's point of view compared to the alternative to provide the NTN gNB or GW location information in a broadcast channel. 
It can be noted that a UE in a terrestrial network may also calculate the position of the serving gNB by using assistance information from the network after deciphering, namely by means of trilateration of timing advance commands (TAC) received from the gNB. Broadcasting unprotected assistance information only lowers the barrier for an attacker. Therefore, the potential risk is comparable to that in a terrestrial network.



Moderator’s view: Given that this is the last RAN1 meeting on Release 17 features, no time to define a second solution based on GW/gNB position indication. Also, if supported, this second solution will not be possible to use globally. Let’s focus on essential features. Broadcasting the position of GW/gNB could be supported as optional feature in subsequent Release.

0. [bookmark: _Toc87816980]Updated Proposal 9
Summary of first round discussions is given in section 9.2
Based on the above discussions, Proposal 9 is updated as follows:

Updated Proposal 9:
Conclusion:
Do not support broadcasting the position of a reference point (i.e. GW or gNB) in Release-17.

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

	LG
	OK with proposal

	Intel
	Considering the limited time in Rel-17 we can accept the proposal.

	CMCC
	Considering the limited time in Rel-17 we can accept the proposal.

	Nokia, Nokia Shanghai Bell
	From SA3 response we understand that broadcasting the NTN-GW/gNB position may introduce a further point of vulnerability of the system to external threats. On the other hand, one could say this e.g. for the ephemeris information as well, which in case of an attack would also misalign the UE’s UL time and frequency synchronization.
We think that the argument of not having time for creating a proper solution is incorrect. After all, we could simply inherit the description for N_TA, UE specific, such that the gNB/NTN-GW/reference point is provided, the UE should apply such calculations instead of using the Common TA parameters (potentially in combination with allowing the UE to use longer validity duration).
But for the sake of progress, we could potentially be willing to agree with the proposal. It is given that this should not preclude that the information on whether the Reference Point is at the satellite or at the gNB is broadcasted. 

	MediaTek
	This option keeps coming back. Support conclusion. 

	Apple
	OK with proposal.

	Lenovo/MM
	Support.

	ZTE
	Support

	NTT DOCOMO, INC.
	Support.

	Spreadtrum
	Support

	NEC
	Support. 

	Panasonic
	Support.

	Xiaomi
	Support

	Ericsson
	OK



[bookmark: _Toc87816981]Issue#10: Indication of common frequency pre-compensation offset on DL service link
Regarding Issue#10, 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: _Toc87816982][bookmark: _Toc69116329][bookmark: _Toc26620959][bookmark: _Toc30079771][TR38.821] :
[bookmark: _Toc87816983]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.

The issue was further discussed during RAN1#106-bis-e meeting without any consensus, the following FL recommendation was made:
	FL Recommendation: 
On issue#10: Companies are encouraged to read each other views expressed within different contributions and during different round of discussions during last RAN1 meetings.
In next RAN1 meeting, companies are encouraged to discuss/propose what would be the reasonable way forward: 
· Option 1: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
· Option 2: Common DL frequency compensation for the service link Doppler shift is supported:
· Proponents are encouraged to provide more details on the signaling of the amount of compensated frequency (amount of indicated compensated frequency, granularity, indication periodicity...etc )  if DL common frequency compensation is applied by the network:
· For Earth moving cell/beam
For Earth fixed cell/beam





Companies proposals regarding Issue#10 are collected in the following table:

	Companies
	Proposals

	Huawei, HiSilicon
	Observation 3: If DL frequency pre-compensation is applied, it should be signaled to the UE so that the UE can determine the residual frequency offset and the nominal UL frequency for UL transmission. 
Observation 4: With DL frequency pre-compensation, the sync raster ambiguity for carrier frequency below 3GHz can be solved and UE initial cell search complexity as well as access latency can also be reduced.
Observation 5: For earth moving cell/beam, the pre-compensated DL frequency can be a constant value and there is no delay drift of the pre-compensated DL frequency.
Proposal 6: For earth moving cell/beam, use 12-bit to indicate the value of DL frequency pre-compensation with range [0, …, 4095] and granularity of 0.01ppm. 


	Nokia, Nokia Shanghai Bell
	Observation 16: 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 17: 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 36: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 37: 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 38: 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. 

	Spreadtrum Communications
	Proposal 6: Deprioritize support of Common DL frequency compensation for the service link Doppler shift in R17.

	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 11   DL frequency compensation for the service link Doppler is not supported in Release 17.


	CATT
	Proposal 11: Support the indication of common frequency pre-compensation with KHz granularity. For earth fixed beam, this value can be zero.

	PANASONIC R&D Center Germany
	Proposal 9: For Earth-fixed cells, make use of the information on the reference location of the cell to perform common frequency pre-compensation.


	MediaTek Inc.
	Observation 5: The degradation due to Feeder Link delay drift is not marginal for initial access. For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.

Observation 6: 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 beams and earth-fixed beams.

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.



	Lockheed Martin
	Proposal: Include a single “D/L pre-comp indication” bit in the Minimum System Information to inform the UE about whether downlink Doppler is pre-compensated for cell reference point.


	Ericsson
	Proposal 7	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

	Intel Corporation
	Proposal 1: 
· 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


	CMCC
	Proposal 21: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

	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.

	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. 

	NTT DOCOMO, INC.
	Proposal 17: Support to deprioritize DL common frequency pre-compensation for the service link Doppler shift (i.e. Option 1).


	Qualcomm Incorporated
	Proposal 5: Support the indication in SIB of DL frequency pre-compensation referenced at the satellite transmitter with granularity as the SCS of the SSB.



[bookmark: _Toc87816984]Companies views
Based on the companies contributions on this issue, it seems that the views are polarized:
Do not support Common DL frequency compensation: [Spreadtrum, Thales, MediaTek, Ericsson, CMCC, ZTE, NTT DOCOMO]
Support Common DL frequency compensation but for Earth moving beam: 
· Huawei, HiSilicon :  
· For earth moving cell/beam, use 12-bit to indicate the value of DL frequency pre-compensation with range [0, …, 4095] and granularity of 0.01ppm.
· For earth fixed cell/beam suggest to further discuss the potential support of DL pre-compensation in Rel-18.
· CATT:
· Support For earth moving beam: with KHz granularity: considering the maximum Doppler shift in DL will reach more than 600 khz, if using khz as indication unit, at most 10bits are enough. It is suggested to use 10bit to indicate the DL frequency compensation
· For earth fixed beam: value can be zero
· PANASONIC:
· For Earth-fixed cells: indicate a reference location of the cell to perform common frequency pre-compensation.

Support Common DL frequency compensation for both Earth moving and fixed beam: 
· Nokia: 
· Support  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.
· Lockheed Martin :
· Include a single “D/L pre-comp indication” bit in the Minimum System Information to inform the UE about whether downlink Doppler is pre-compensated for cell reference point
· Intel :
· 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
· Apple:
· Earth fixed cell: indicate the GNSS location of the frequency reference point
· Earth moving cell indicate the value of frequency offset pre-compensated in downlink transmission
· Qualcomm:
· Support the indication in SIB of DL frequency pre-compensation:
· with granularity as the SCS of the SSB.

Moderator’s view: 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. If the group agrees to support the feature is release 17 for earth fixed beam/cell, a detailed signaling design should be  agreed in current meeting (maybe too late): there were some proposals in few contribution (granularity as the SCS of the SSB) but this is not enough to cope with time-varying Doppler in case of earth fixed beam. Also, indicating GNSS location of the a reference point within the beam would have some drawback (please note under WF3 below).
Therefore, it seems reasonable to deprioritize support of DL common frequency compensation for the service link Doppler in Release 17. 
That is said, as a group we need to decide what would be the reasonable way-forward, the Initial Proposal 10 is made as follows:

0. [bookmark: _Toc87816985]Initial Proposal 10

Initial Proposal 10:
What would be the reasonable Way forward?
· WF1, [Huawei, CATT]: Support DL frequency compensation for the service link Doppler only for Earth moving cell/beam:
· Use 12-bit to indicate the value of DL frequency pre-compensation with:
·  range [0, …, 4095] 
· and granularity of 0.01ppm.

· WF2, [Nokia]: Support DL frequency compensation for the service link Doppler for both Earth Fixed and 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:
· [Qualcomm] : with granularity as the SCS of the SSB.

Note: For Earth fixed beam/cell , the UE needs to frequently acquire the SIB to retrieve common pre-compensated FO parameters. Which make this is WF questionable.

· WF 3 [Intel, Apple]:  Support DL frequency compensation for the service link Doppler for both Earth Fixed and Earth moving cell:
· Earth moving cell indicate the value of frequency offset pre-compensated in downlink transmission:
· [Intel]: Granularity of SSB SCS is used
· [PANASONIC]: For Earth-fixed cells, 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: With WF3, In case of Earth Fixed beam/cell, 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.

· WF4: DL frequency compensation for the service link Doppler is not supported in Release 17


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

	OPPO
	We support WF2 or WF3

	Ericsson
	We support WF4.
WF1 is not preferred since the benefit of a partial solution is questionable. The UE must still be capable of synchronization without DL pre-compensation for the Earth fixed case.
WF2 and WF3 both have significant drawbacks as described in the Notes by the moderator.

	Apple
	We support WF3. 
We think without the indication of common frequency pre-compensation, the performance of initial SSB search will be largely impacted. Regarding the note of WF3, it is unclear why it is an issue that gNB DL frequency is periodically updated. 

	ZTE
	We support WF4 since the system can work without supporting DL frequency pre-compensation for service link Doppler. The time is limited and we may consider other more essential issues first.

	Spreadtrum
	We support WF4.

	Lenovo/MM
	We support WF1 or WF3.

	CMCC
	We slightly prefer WF4.
We are open to WF1.

	NTT DOCOMO, INC.
	We support WF4 as WF2 and WF3 could cause considerable additional complexity at UE side, and WF1 requires more discussion, which may not be a good option from many aspects.

	Intel
	In our view at least WF1 should be supported. Prefer to support WF3. Considering that reference point location can be stable at least for multiple seconds frequent update of the SI is not needed.

	Panasonic
	WF1 does not completely address the issue because it does not cover Earth fixed cell scenario.
WF2 implies the need for frequent SIB updates to follow the satellite movement in Earth fixed cell scenario.
We support WF3.

	Vivo
	Support WF4.

	Huawei, HiSilicon 
	We support WF1. Our understanding is that solution 1 can also be applicable to earth fixed beams even though the NW may have to update the common frequency pre-compensation in a periodic manner. 

	Nokia, Nokia Shanghai Bell
	We support DL frequency compensation for the service link as in WF2. Signaling of the amount of frequency that has been pre-compensated should follow a unified format for earth-fixed and earth-moving cells. In case of earth-moving cell, the UE can still avoid reading the corresponding information more often than needed.

	MediaTek
	Support WF4. 
We have concern for impact of DL common frequency precompensation on service link on Sampling Frequency Offset for DL synchronization. Without the DL common frequency pre-compensation there is no SFO. We showed in our Tdoc some analysis with  SNR loss in the order of 5 dB before the SIB with ephemeris can be acquired. There is no need for DL frequency precompensation on the service link. The UE can synchronize on the DL without it.

	Samsung
	Support WF4

	QC
	WF2 or 3




[bookmark: _Toc87816986]Updated proposal based on company views (First round of email discussions)
This the summary of first round expressed views:
	WF1
	3 companies
	Lenovo/MM, Intel(at least), Huawei, HiSilicon, 

	WF2
	3 companies
	OPPO, Nokia, QC

	WF3
	6 companies
	OPPO, Apple, Lenovo/MM, Intel, Panasonic, QC

	WF4
	9 companies
	Ericsson, ZTE, Spreadtrum, CMCC, NTT DOCOMO, vivo, Thales, MediaTek, Samsung



From Moderator perspective: WF1, WF2 and WF3 have drawbacks as already mentioned. Also, more time may be needed to design a solution that suit both earth fixed and earth moving cell taking into account the signaling overhead and complexity at both UE and gNB side. 
Therefore, it seems reasonable to deprioritize support of DL common frequency compensation for the service link Doppler in Release 17.

0. [bookmark: _Toc87816987]Updated Proposal 10
Summary of first round discussions is given in section 10.2
Based on first round of email discussions, the Proposal 10 is updated as follows:
Updated Proposal 10:
DL frequency compensation for the service link Doppler is not supported in Release 17

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

	LG
	OK with proposal and we can make it as a conclusion.

	Intel
	In our view at least WF1 can be supported. 
To address concerns on Doppler update we can add additional note that UE doesn’t expect modification of pre-compensation value during connection time. Thus, at least non-GEO with moving cells can be supported.

	CMCC
	Support.

	Nokia, Nokia Shanghai Bell
	We are not OK with the proposal. As a starting point, the gNB is free to do any offset that it finds needed – and would have to live with any discrepancies in the uplink transmissions.
If we go in this direction, we would rather have the proposal formulated follows:
Proposal: There is no indication of the applied DL Doppler compensation, if any is applied.

	MediaTek
	Support. This option keeps coming back. 
We have concern for impact of DL common frequency pre-compensation on service link on Sampling Frequency Offset for DL synchronization. Without the DL common frequency pre-compensation there is no SFO. We showed in our Tdoc some analysis with  SNR loss in the order of 5 dB before the SIB with ephemeris can be acquired. There is no need for DL frequency pre-compensation on the service link. The UE can synchronize on the DL without it.  Another issue is the Doppler shift discontinuity that will lead to longer AFC convergence when the beam is switched resulting in packet interruption. This makes DL synchronization implementation in UE much more difficult, increase signaling overhead, increase packet interruption, and overall makes the system less robust.  

	Apple
	We can at least support WF1 as a compromise. We do not see clear drawback in WF1.  

	Lenovo/MM
	Support.

	ZTE
	Support

	NTT DOCOMO, INC.
	Support.

	Vivo
	Support.

	Spreadtrum
	Support

	NEC
	Support. 

	Panasonic
	To make progress, we are supportive.

	Huawei, HiSilicon
	We support WF1 and think this should at least be optionally supported. 
There are two main motivations to support this functionality. The first one is to avoid sync raster ambiguity during initial cell search which may lead to wrong CFO estimation and PBCH detection failure. The second motivation is to reduce the DL detection complexity at the UE, since the residual frequency offset is smaller with DL frequency pre-compensation.

	Ericsson
	Support



[bookmark: _Toc87816988]Issue#11[CLOSED]: Close control loop for UL frequency alignment
Closed-loop frequency control was discussed within 4contributions submitted to RAN1#107-e:
	Companies
	proposals

	Nokia, Nokia Shanghai Bell
	Observation 18: 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 39: 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.

	Spreadtrum Communications
	Proposal 7: Closed-loop UL frequency compensation is not supported in NTN Release.17.

	PANASONIC R&D Center Germany
	Proposal 8: 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.

	Samsung
	Proposal 7: The Gnb indicates the additional UL frequency offset value for the pre-compensation at UE side.



This issue has been discussed over the last several RAN1 meetings and there is no strong support. 
If this feature is supported it may require a big specification effort. Given the current situation, Moderator would like to recommend to not discuss this issue in current meeting.
[bookmark: _Toc87816989]Issue#12: Serving satellite ephemeris format bit allocations
A working assumption on serving satellite ephemeris format bit allocations was agreed in previous RAN1 meeting. And Moderator’s recommendation was:
FL recommendation: 
For RAN1#107e, Companies are encouraged to provide inputs to:
-	Confirm the working assumption on serving satellite ephemeris format bit allocations
-	To resolve following FFS:
•	FFS: Additional enhancement to optimize the signaling overhead.
•	FFS: Ephemeris format bit allocations for HAPS

On Issue#12, the following proposals were submitted to RAN1#107-e:
	Companies
	proposals

	Huawei, HiSilicon
	Observation 6: The working assumption of satellite ephemeris format bit allocations for LEO/MEO/GEO provides much higher prediction precision for time and frequency synchronization goals. 
Observation 7: Using separate LEO, MEO and GEO satellite ephemeris format could respectively save 3, 2, and 6 bytes signaling payload compared to the unified satellite ephemeris signaling.
Proposal 7: Support serving satellite ephemeris format bit allocations for LEO based non-terrestrial access network in orbital parameter ephemeris format [118 bits (15 bytes) payload]
· Semi-major axis α [m] is 19 bits
· Range: [6675,7875]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 8: Support serving satellite ephemeris format bit allocations for MEO based non-terrestrial access network in orbital parameter ephemeris format [122 bits (16 bytes) payload]
· Semi-major axis α [m] is 23 bits
· Range: [13378,31378]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 9: Support serving satellite ephemeris format bit allocations for GEO based non-terrestrial access network in orbital parameter ephemeris format [92 bits (12 bytes) payload]
· Semi-major axis α [m] is 10 bits
· Range: [42163,42165]km
· Eccentricity e is 9 bits
· Range: ≤ 0.0005
· Argument of periapsis ω [rad] is 22 bits 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 7 bit
· Range: [-0.01°, +0.01° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 10: 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 20: 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.
Proposal 42: 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 43: The Set1 and Set2 satellite ephemeris data may have different update rates

	Thales
	Proposal 13:
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network.

	CATT
	Proposal 5: Support only one of two ephemeris formats in SIB up to network configuration.
Proposal 6: Support finer ephemeris information indication in RRC signaling per on-demand requirement.  

	MediaTek Inc.
	Proposal 7: Confirm RAN1#106bis-e working assumption to support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network


	CMCC
	Proposal 22: Confirm the working assumption on serving satellite ephemeris format bit allocations.
Proposal 23: To serving satellite ephemeris format indication, different value range and bit allocation can be considered for different scenarios.
Proposal 24: A scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris
Proposal 25: The same ephemeris format bit allocations can be considered for both HAPS and ATG.
Proposal 26: The value range of altitude may be 0~50km for HAPS and ATG.


	ZTE
	Proposal 16: Use relative position in HAPS ephemeris to take advantages of the limited visible region
Proposal 17: Allocate 78 bits for HAPS ephemeris
Proposal 18: Different network types may have different allocated bits number, to further reduce the signalling overhead.
Proposal 19: Considering relative position in satellite ephemeris to further reduce signalling overhead.
Proposal 20: 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.
	Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.
Proposal-1:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-2:	State vector is used for GEO/HAPS and orbital elements is used for LEO.
Proposal-3:	NTN deployment scenario is indicated in SIB and it is up to RAN2 how to indicate the NTN deployment scenario in SIB.


	Apple
	Proposal 11: For satellite ephemeris state vectors parameters, the velocity parameters are not used for GEO satellite. 


	LG Electronics
	Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.

Proposal 11. Network can indicate partial parameters for upcoming satellite to UE in case when the ephemeris format based on orbital elements is used, and same ephemeris is used for multiple satellites.


	NTT DOCOMO, INC.
	Observation 7: With position and velocity state vector ephemeris format, current bit allocations for LEO/MEO/GEO includes HAPS scenario. Further optimization on the bit allocations can be considered for finer quantization and lower payload.
Observation 8: Orbital parameter ephemeris format is not suitable for HAPS scenario and is not preferred.
Proposal 18: Only use the position and velocity state vector ephemeris format for HAPS. The bits allocation can be further optimized.
· Position and velocity state vector ephemeris format [12 bytes payload]. 
· The field size for position [m] is [54 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [0.38m] for position
· The field size for velocity [m/s] is [42 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.017 m/s] for Velocity
Proposal 19: For the potential application of orbital parameter ephemeris format for HAPS, at least the value range of semi-major axis should be redesigned.




[bookmark: _Toc87816990]Company views
[MediaTek, Thales, CMCC] confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations.
[Huawei] observed that using separate LEO, MEO and GEO satellite ephemeris format could respectively save 3, 2, and 6 bytes signaling payload compared to the unified satellite ephemeris signaling. And proposed specific satellite ephemeris signaling for each scenario.
[Nokia] proposed to include at least the true anomaly at epoch t0 parameter as part of the Set2 parameters.
[CATT]  proposed to support finer ephemeris information indication in RRC signaling per on-demand requirement.  
[Apple] proposed to not use the velocity parameters are not used for GEO satellite.
[LG] observed that one of these formats can be a mandatory feature and the other can be optional feature.
[ZTE] and [NTT DOCOMO] proposed to further optimize the bits allocation for HAPS ephemeris: [ZTE]:78 bits [NTT DOCOMO]: (54 bits + 42 bits).
Moderator’s view: Regarding the concern from [Nokia] regarding the anomaly, Moderator holds the view that only one value among (mean anomaly, true anomaly) is necessary and sufficient. Knowing (mean anomaly in rad, eccentricity), we can easily get eccentric anomaly in rad then compute true anomaly. And vice versa, knowing (true anomaly, eccentricity), we can compute eccentric anomaly in rad then mean anomaly in rad.
Regarding the optimization of ephemeris bit allocations, The moderator shares the view that some optimization could be done but as this is the last RAN1 meeting on Release 17, we’d better to focus on essential features. If we need to separate LEO, MEO and GEO satellite ephemeris format to save respectively save 3, 2, and 6 bytes signaling payload, this may led to further discussions on indicating the NTN Network type flag to differentiate different scenarios.
An unified satellite ephemeris signaling is enough to make the system working, although it is not optimal and further optimization can be done in subsequent Release. 

0. [bookmark: _Toc87816991]Initial Proposal 12
Based on the above discussions the following Initial proposal is made. 
Initial Proposal 12:
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network :
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format is 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: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]


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

	Ericsson
	Support

	Apple
	We think some straightforward optimization on signaling overhead can be considered. At least for GEO, we do not think the velocity parameters are needed, which saves 54 bits directly. 

	ZTE
	We basically agree with moderator that the unified signaling can be adopted for LEO/MEO/GEO. But it’s still prefer to optimize the  indication for HAPS/ATG is needed since the required bit number is much smaller than for satellite due to low altitude and low speed. Maybe we can revise it later in this meeting once essential part is done.

	InterDigital
	Support

	Spreadtrum
	Support

	CMCC
	We support the proposal in principle.
Nevertheless, if time allowed, further optimization on signaling overhead for HAPS/ATG/GEO is preferred.

	LG
	Support. 
And we can also discuss that one of the two formats can be broadcasted in SIB (i.e., default format), and the other can be provided in RRC signaling (i.e., optional format).

	NTT DOCOMO, INC.
	Towards the first release of NTN, a unified signaling and bit allocation is fine. 
Current value range and bit allocation for position and velocity state vector ephemeris format can also apply to HAPS (even though further optimization could improve the performance). 
However, current value range and bit allocation for orbital parameter ephemeris format cannot be applied to HAPS. Two potential solutions can be considered:
· Only use position and velocity state vector ephemeris format for HAPS
Update the value range and bit allocation for orbital parameter ephemeris format to include HAPS.

	Panasonic
	We support this confirmation

	Sony
	Support.

	Huawei, HiSilicon
	We support to separate LEO, MEO and GEO satellite ephemeris format and the saving of signaling overhead is large according to our simulation and the signaling of Koffset can also be saved with the information NTN Network type when K_offset is also indicated by different scenarios.

	Nokia, Nokia Shanghai Bell
	Given the FL explanation on the aspects of the mapping to the true anomaly, we would be OK to support the proposal. 

	MediaTek
	Support

	Samsung
	Support



[bookmark: _Toc87816992]Updated proposal based on company views (First round of email After the first round of email discussions)
Companies supportive of Initial Proposal 12: Ericsson, ZTE, InterDigital, Spreadtrum, CMCC, LG, NTT DOCOMO, (Apple), Panasonic, Sony, Nokia, Nokia Shanghai Bell, MediaTek, Samsung, Thales
Huawei, HiSilicon, Apple, CMCC: separate LEO, MEO, HAPS and GEO satellite ephemeris format
Regarding [Apple, NTT DOCOMO] feedback: ServingSatelliteEphemerisStateVector, are split it into 6 parameters. And ServingSatellite EphemerisOrbitalParameters are split it into 6 parameters  Only one set can be used when relevant. In case of HAPS ServingSatellite EphemerisOrbitalParameters is not relevant only ServingSatelliteEphemerisStateVector can be used.
Moderator holds the view: given the limited remaining time, an unified satellite ephemeris signaling is enough to make the system working, although it is not optimal and further optimization can be done in subsequent Release. This is aligned with the agreements  made at GTW (12 Nov.21) on K_offset and of K_mac to specify one value range of K_offset covering all scenarios.

0. [bookmark: _Toc87816993]Updated Proposal 12
Summary of first round discussions is given in section 12.2
Based on first round discussions, an unified satellite ephemeris signaling can be adopted in Release 17. The Proposal 12 is made as ollows:
Updated Proposal 12:
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network :
· Support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network.:
· Position and velocity state vector ephemeris format is 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: [0, 2π]
· Inclination i (rad) is 20 bits
· Range: [- π/2 , + π/2]
· Mean anomaly M (rad) at epoch time to is 24 bits
· Range: [0, 2π]

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

	LG
	Support. 
And we can also discuss that one of the two formats can be broadcasted in SIB (i.e., default format), and the other can be provided in RRC signaling (i.e., optional format).

	Intel
	OK

	CMCC
	Support

	Nokia, Nokia Shanghai Bell
	Support. 

	Apple
	In the discussion of Koffset and Kmac, the overhead saving is only a few bits (e.g., up to 4 bits). However, the signaling overhead saving could be tens of bits for satellite ephemeris, e.g., a saving of 54 bits (without velocity field) for GEO scenario. 
If the group thinks RAN1 has no time to optimize signaling overhead of satellite ephemeris, we may add a note and leave the signaling design/optimization to RAN2. 

	NTT DOCOMO, INC.
	Regarding Moderator’s reply that “In case of HAPS ServingSatellite EphemerisOrbitalParameters is not relevant only ServingSatelliteEphemerisStateVector can be used.”, we would like to confirm that whether this is the consensus in the group.
If it is the consensus, we are fine to design a unified format in Release 17 and we can support the design for “Position and velocity state vector ephemeris format” in Updated Proposal 12.

	Sony
	Support.

	Panasonic
	Support.

	Ericsson
	(Already agreed on the reflector)



[bookmark: _Toc87816994]Issue#13: Reference point for Serving satellite ephemeris and Common TA parameters Epoch time
The issue on reference point for epoch time (either of Common TA parameters or for epoch time for serving Satellite ephemeris) was discussed during RAN1#106b but due to lack of time no agreement was achieved. 
Moderator recommendation was the following:
FL recommendation:
For the next RAN1’s meeting: Companies are encouraged to provide views/inputs on:
· the reference point for epoch time of the Common TA parameters 
· whether it is satellite or the NTN-GW

Following proposals and observations were submitted to RAN1#107-e: 
	Companies
	Proposals 

	Huawei, HiSilicon
	Proposal 3: The reference point for epoch time is set at the serving satellite transmitter.

	Vivo
	Proposal 2: Support the same epoch time for common TA parameters and satellite ephemeris, and the reference point of epoch time is located at satellite.

	Spreadtrum Communications
	Proposal 2: The reference point for epoch time of the common TA parameters should be known by UE and the reference point for epoch time is satellite.
Proposal 9: The reference point for epoch time of the serving satellite ephemeris should be known by UE and the reference point for epoch time is satellite.

	Thales
	Proposal 7: 
The reference point for epoch time of Common TA parameters and the serving satellite ephemeris should be known by UE. This reference point is the satellite transmitter.


	NEC
	Proposal 7. The reference point for epoch time of Satellite Ephemeris data and Common TA related parameters is the satellite.

	Ericsson
	Proposal 12	The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.

	Baicells
	Proposal 3-2: The reference point for epoch time of the Common TA parameters should be satellite.
Proposal 11-2: The reference point for epoch time of the serving satellite ephemeris should be the satellite.

	CMCC
	Proposal 7: The reference point for epoch time of the Common TA related parameters is at satellite.
Proposal 27: The reference point for epoch time of the serving satellite ephemeris is at satellite.


	Xiaomi
	Proposal 6:  The reference point for epoch time of the common TA parameters is satellite. 

	ZTE
	Proposal 14: The reference point for epoch time should be satellite.

	Apple
	
Proposal 6: The reference point for common TA epoch time is at satellite
Proposal 13: The reference point for serving satellite ephemeris epoch time is at satellite.

	NTT DOCOMO, INC.
	Proposal  5: The reference point for Epoch time of the common TA parameters and/or satellite ephemeris could be set at the satellite. 

	Qualcomm Incorporated
	Observation 1: Defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays.
Proposal 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame at the reference point where common TA equals 0.



[bookmark: _Toc87816995]Company views
It seems that the majority shares the view that  The reference point for epoch time should be defined and it is satellite. 
[Qualcomm]  observed that defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays and proposed to define the reference point where common TA equals 0 (system reference point (SRP) where DL and UL signal is time aligned, i.e., common TA being 0, such as Gnb or gateway).
Moderator’s view: The reference point for epoch time should be known by UE and it can be satellite.

0. [bookmark: _Toc87816996]Initial Proposal 13
Based on the above discussions, the Initial Proposal 13 is made as follows:
Initial Proposal 13:
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.

Companies are encouraged to provide their comments and views on Initial Proposal 13:
	Companies
	Comments and Views

	OPPO
	The epoch time should be common to all Ues, thus, the reference point for epoch time is the satellite is reasonable. We support. 

	Ericsson
	Support

	Apple
	Agree

	ZTE
	Agree

	InterDigital
	Agree

	Spreadtrum
	Agree

	Lenovo/MM
	Support

	CMCC
	Agree

	LG
	Support

	NTT DOCOMO, INC.
	Support.

	NEC
	Support. 

	Panasonic
	Support.

	Sony
	Support.

	Vivo
	Support.

	Huawei, HiSilicon
	Support 

	Nokia, Nokia Shanghai Bell
	We would like to have some clarity on the usage of term “reference point” here. So far, in the discussion on time/frequency UL pre-compensation, the time and frequency Reference Point has been defined as the point where UL and DL signals should align in time and frequency, respectively. In the context of defining the epoch time for ephemeris/Common TA, the reference point is used as the point, the timing of which is used to indicate the epoch time to the UE. This point does not need to be the same with the point where UL and DL signals align in time and frequency.
We see as important to reach this common understanding before discussing and agreeing on where the reference point for epoch time should be.

	Baicells
	Support.

	MediaTek
	Support

	Samsung
	Support

	QC
	To decide on the issue, we need to answer the question about how common TA value is calculated. See our comment regarding to common TA as below
It seems that many assumed that UE simply assumes that NTA_common =f(t) or 2*f(t) with f(t) being the function signaled by the SIB.  However, different Ues will see different common TA values due to different service link delay although the feeder link delay at a given time is common among Ues. The above assumption is not correct.

	
	



[bookmark: _Toc87816997]Updated proposal based on company views (First round of email discussions) 
The clear majority is supportive of Initial proposal 13: [ OPPO, Ericsson, Apple, ZTE, InterDigital, Thales, Spreadtrum, Lenovo/MM, CMCC, LG, NTT, DOCOMO, INC, NEC, Panasonic, Sony, vivo, Huawei, HiSilicon, Baicells, MediaTek, Samsung].

The Proposal was discussed during GTW session on 12 Nov.21. but without any consensus.

Regarding  [Nokia] comment: The reference point discussed under issue#13 is different from the reference point for uplink sync (where UL and DL signals should align in time and frequency). The reference point being discussed here should be known by the UE to compute the aging of assistance data epoch time: (as mentioned in Ericsson Tdoc) To make the epoch time unambiguous it is also necessary to define a reference point. The epoch time is then the time at which the sub-frame start that defines the epoch is transmitted from the reference point.
Regarding [QC] feedback: First of all, the definition of such reference point is needed to take into account the aging of assistance information: that is, when for example the ephemeris data is associated to epoch time  (time at which such data is valid for), the UE needs to know such epoch time is refereeing to which timing: Is it Gnb timing? Satellite timing? If it is Gnb, the UE needs to take into account the aging of this epoch time= one-way UE-Gnb delay. This is very critical information when UE initializes its orbit propagator: If the reference point is at Gnb and UE does not take into account the aging of   when UE will initialize its propagator with an error on satellite position of 45m (in case of LEO 600km, one way delay 6ms, satellite speed 7.56 m/ms). This is not good!    
If the reference point for Serving satellite ephemeris and Common TA parameters Epoch time is at the satellite:
At satellite side, the start of the sub frame y, SFN x is (re)transmitted by the satellite at epoch time t0
· At UE side, 
· The start of start of the sub frame y, SFN x is received at t1.
· The UE location at t1 is known.
· The UE needs to derive t0 in order to initialize its propagator to perform satellite orbit prediction.
T0-t1 = d(sat_position(t0), UE_position(t1))/c where d( sat_position(Ta), UE_position(Tb)) denotes the LOS distance between the satellite and the UE when a msg is transmitted at Ta from the satellite and received at Tb at UE side.
As a consequence, the UE needs to retrieve d(sat_position(t0), UE_position(t1)) to get t0. 
If the UE has access to previous (and still valid) ephemeris data, the UE can may derive t0 by solving the equation t1 – t = d(sat_position(t), UE_position(t1)) /c
Otherwise, the best it can do is to assume that the satellite position sat_position which can be derived directly from the satellite ephemeris data (i.e. w/o performing any orbit propagation) is valid at epoch time t0 i.e. corresponds to sat_position(t0).
This approach is valid only if the network and the UE share the same understanding with respect to the reference point at the satellite
[image: cid:image025.png@01D7D810.4313DAD0]


0. [bookmark: _Toc87816998]Updated Proposal 13
Summary of first round discussions is given in section 13.2
It seems that more offline discussion would be needed so that the group shares the same understanding on the need and definition of the reference point for assistance information epoch time.

Updated Proposal 13
The reference point for assistance information (i.e. Serving satellite ephemeris and Common TA parameters) should be known by UE.
FFS (to be resolved in current meeting): Whether it is satellite or the NTN-GW

Companies are encouraged to provide their comments and views on Updated Proposal 13:
	Companies
	Comments and Views

	CMCC
	Support.
The reference point at Satellite is more preferred.

	Nokia, Nokia Shanghai Bell
	We agree with the updated Proposal 13, in the sense that the reference point for assistance information should be known to the UE.
Moreover, under the FFS to be resolved we would also expect some clarity on the usage of term “reference point” here. So far, in the discussion on time/frequency UL pre-compensation, the time and frequency Reference Point has been defined as the point where UL and DL signals should align in time and frequency, respectively. In the context of defining the epoch time for ephemeris/Common TA, the reference point is used as the point, the timing of which is used to indicate the epoch time to the UE. This point does not need to be equal to the point where UL and DL signals align in time and frequency.

	MediaTek
	Support

	Apple
	Support

	Lenovo/MM
	We are generally fine with the proposal. We think the reference point at satellite is more reasonable. We prefer the solution to determine d(satellite(t0)) based on assistance information reception at t1 and the propagation model. As this solution is workable for all Ues within the cell no matter the UE location. If the reference point is signaled together with the assistance information, different Ues may need different reference point, which is not preferred for broadcast system information.

	NTT DOCOMO, INC.
	Support. For a better understanding, “reference point” can be revised into “reference point of epoch time”.

	Spreadtrum
	Support

	NEC
	Support. 

	Panasonic
	The residual error between feeder-link delay and common TA value is minimized by moving the reference point closer to the UE.
Modified Updated Proposal 13
The reference point for assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the satellite. should be known by UE.
FFS (to be resolved in current meeting): Whether it is satellite or the NTN-GW


	Xiaomi
	Support, also fine with Docomo’s modification. 

	Huawei, HiSilicon
	We would like to resolve the issue by agreeing on the reference point if the satellite.

	Baicells
	Support. The reference point is satellite.

	Ericsson
	(Updated proposal is discussed on the reflector)














[bookmark: _Toc87645488][bookmark: _Toc87816999]Proposals for GTW
The following proposals are for potential approval during GTW session on 19 Nov. 21:
Proposal 2:
Confirm the Working assumption on granularity and bits allocation for Common TA parameters:
Value range, granularity and bits allocation of Higher-layer parameters TACommon, TACommonDrift, TACommonDriftVariation and [TACommonThirdOrder] are as follows:
	Parameter name 
	Value range
	Granularity
	Bits allocation

	[image: cid:image038.png@01D7DCBC.E4F60610]
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	[image: cid:image039.png@01D7DCBC.E4F60610]
	26 bits

	TACommonDrift
	- 261935… + 261935
(i.e: --53.33   [image: cid:image040.png@01D7DCBC.E4F60610]… +-53.33 [image: cid:image041.png@01D7DCBC.E4F60610]) 
	[image: cid:image042.png@01D7DCBC.E4F60610]
	19 bits

	TACommonDriftVariation
	0…29470
(0…0.60 [image: cid:image043.png@01D7DCBC.E4F60610])
	[image: cid:image044.png@01D7DCBC.E4F60610]
	15 bits

	[TACommonThirdOrder]
	-4912…+4912
(-0.015 [image: cid:image045.png@01D7DCBC.E4F60610]…+0.015 [image: cid:image045.png@01D7DCBC.E4F60610])
	[image: cid:image046.png@01D7DCBC.E4F60610]
	14 bits

	· Value ranges are given in unit of corresponding granularity



Modified Proposal 7-2 (rev1):
Using indicated Higher-layer Common TA parameters, if configured, the UE  can determine the one-way propagation time (  used for   calculation as follows:

 

Where:
,  and 

TACommon, TACommonDrift and TACommonDriftVariation are Common TA parameter defined in RAN1 Meeting #106-bis-e

is the distance between the satellite and the uplink time synchronization reference point divided by the speed of light. DL and UL are frame aligned at the reference point with an offset given by .
 is derived by the UE based on  to pre-compensate the two-way transmission delay between the uplink time reference point and the satellite.

Updated Proposal 3-2:
Epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information. 
Modified Proposal 3-2:
· When indicated in SIB, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is implicitly known as the end of the SI window during which the SI message is transmitted.
· When provided through dedicated signaling, epoch time of assistance information (i.e. Serving satellite ephemeris and Common TA parameters) is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number.


Updated Proposal 13
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.

Modified Proposal 13
The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.


Updated Proposal 9:
Conclusion
Do not support broadcasting the position of a reference point (i.e. GW or gNB) in Release-17.

Updated Proposal 10:
Conclusion
DL frequency compensation by gNB for the service link Doppler is not supported in Release 17

Updated proposal 5: 
When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as:
1. . 
Where,  is the TAC field in msg2/msgB
[bookmark: _GoBack]
Conclusion
RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #107-e:
	· 
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[bookmark: _Toc87817001] Appendix I: RAN1 agreements on UL time and frequency synchronization for NR NTN
	RAN1 agreements on UL time and frequency synchronization for NR NTN achieved in RAN1 Meeting #106-bis-e:
Agreement:
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.
 
Agreement:
Common TA 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
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
The UE assumes that it has lost uplink synchronization if new or additional assistance information (i.e. serving satellite ephemeris data or Common TA parameters) is not available within the associated validity duration.
· FFS: details on how to acquire new or additional assistance information

Agreement:
NTN ephemeris validity timer should be started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data)

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA related parameters are signaled in the same SIB message. 

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters
Agreement:
· The granularity of Common TA is set to be 
·  μ is the highest allowed numerology supported for data, for the given Frequency Range

Conclusion:
Do not define a TA margin.

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

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)



[bookmark: _Toc87817002]Appendix II: Summary of proposals
	R1-2110805
	Huawei, HiSilicon
	Observation 1: There is no need to indicate third order derivative of Common TA.
Observation 2: In RRC connected state, set  to be zero or accumulate it to the updated  and  upon the update of ephemeris and common or GSNN position fix will lead to TA error jumping. 
Observation 3: If DL frequency pre-compensation is applied, it should be signaled to the UE so that the UE can determine the residual frequency offset and the nominal UL frequency for UL transmission. 
Observation 4: With DL frequency pre-compensation, the sync raster ambiguity for carrier frequency below 3GHz can be solved and UE initial cell search complexity as well as access latency can also be reduced.
Observation 5: For earth moving cell/beam, the pre-compensated DL frequency can be a constant value and there is no delay drift of the pre-compensated DL frequency.
Observation 6: The working assumption of satellite ephemeris format bit allocations for LEO/MEO/GEO provides much higher prediction precision for time and frequency synchronization goals. 
Observation 7: Using separate LEO, MEO and GEO satellite ephemeris format could respectively save 3, 2, and 6 bytes signaling payload compared to the unified satellite ephemeris signaling.

Proposal 1: The common TA is derived based on a predefined formula: , where t is the delay between the epoch time of common TA and the UL transmission.
Proposal 2: The satellite ephemeris and Common TA are always in the same SIB message.
Proposal 3: The reference point for epoch time is set at the serving satellite transmitter.
Propose 4: The epoch time for common TA and satellite ephemeris is defined as the starting time of the SI window carrying the common TA and satellite ephemeris.
Proposal 5: For RRC_CONNECTED UE, update ephemeris, common TA and GNSS at the same time and set  to 0 upon the update of these parameters.
Proposal 6: For earth moving cell/beam, use 12-bit to indicate the value of DL frequency pre-compensation with range [0, …, 4095] and granularity of 0.01ppm. 
Proposal 7: Support serving satellite ephemeris format bit allocations for LEO based non-terrestrial access network in orbital parameter ephemeris format [118 bits (15 bytes) payload]
· Semi-major axis α [m] is 19 bits
· Range: [6675,7875]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 8: Support serving satellite ephemeris format bit allocations for MEO based non-terrestrial access network in orbital parameter ephemeris format [122 bits (16 bytes) payload]
· Semi-major axis α [m] is 23 bits
· Range: [13378,31378]km
· Eccentricity e is 13 bits
· Range: ≤ 0.015
· Argument of periapsis ω [rad] is 22 bits
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 20 bits
· Range: [-90°, +90° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 9: Support serving satellite ephemeris format bit allocations for GEO based non-terrestrial access network in orbital parameter ephemeris format [92 bits (12 bytes) payload]
· Semi-major axis α [m] is 10 bits
· Range: [42163,42165]km
· Eccentricity e is 9 bits
· Range: ≤ 0.0005
· Argument of periapsis ω [rad] is 22 bits 
· Range: [0, 2π]
· Longitude of ascending node Ω [rad] is 20 bits
· Range: [-180°, +180°]
· Inclination i [rad] is 7 bit
· Range: [-0.01°, +0.01° ]
· Mean anomaly M [rad] at epoch time to is 22 bits
· Range: [0, 2π]
· Orbit Type: 2 bits
· Range: [LEO, MEO, GEO, reserved]
Proposal 10: Orbital parameters ephemeris format can reduce the singling overhead when a list of neighbour satellites or cells are provided in the system information.

	R1-2110900
	Nokia, Nokia Shanghai Bell
	Observation 1: The UE GNSS-based time pre-compensation has the main purpose to guarantee that the initial random access attempt falls into the time window for the RACH occasion as defined by the gNB and minimize the interference to adjacent UL time symbols. Frequency pre-compensation shall ensure that the Doppler effect is mitigated so that the preamble can be received without inter-carrier/-user interference.
Observation 2: There are several sources of inaccuracy in acquiring time and frequency synchronization between UE and gNB by using GNSS information. The precision and availability provided by different systems may vary significantly.
Observation 3: Full reliance on third part GNSS applications leave the 3GPP systems exposed to vulnerabilities that cannot be subject to enhancements or modifications by 3GPP standards or service provider will. 
Observation 4: The ranges of common TA drift rate and common TA drift variation are larger for lower altitude LEO.
Observation 5: The quantization error of the n-th order common TA derivative will propagate with the n-th power of time to the common TA error. Therefore, the higher order derivative of common TA requires a finer granularity.
Observation 6: For LEO 600 Km using 15 KHz SCS, the required number of bits for the common TA drift rate, common TA drift variation, and potentially common TA 3rd order derivative are respectively 16 bits, 12 bits, and 9 bits.
Observation 7: UE can estimate the higher order derivatives from multiple SIB readings of common TA or common TA drift rate.
Observation 8: By using the satellite ephemeris information and Common TA, the UE may be able to roughly estimate the NTN-GW/gNB position.
Observation 9: 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).
Observation 10: The cyclic prefix of the random access preamble must be able to cover the aggregate contribution of all sources of time inaccuracy and multipath propagation delays.
Observation 11: The long preamble formats provide a more relaxed CP constraint but a more stringent frequency Doppler pre-compensation constraint, especially considering the very high speed observed in LEO deployments and the usage of high frequency bands.
Observation 12: 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 13: 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 (Figure 8).
Observation 14: 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 15: In order to guarantee TA update loop stability, two operation states for TAC update are needed.
Observation 16: 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 17: 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.
Observation 18: 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.
Observation 19: A UE can benefit from information from an earlier cell when trying to access a new cell.
Observation 20: 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 21: Providing network assistance information in terms of full target cell ephemeris may lead to high signaling overhead in the serving cell.
Observation 22: 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.
Observation 23: The gNB needs flexibility for mapping information of time from external systems (NTN control center) into the NR system’s understanding of time.

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: RAN1 to define the orbital height range for LEO deployments.
Proposal 4: The number of bits indicating the common TA drift rate and common TA drift variation should be determined based on the lowest supported altitude of LEO satellites.
Proposal 5: Epoch time for Common TA is defined as the point where prediction time equals zero for the equation describing the time-wise evolution of the Common TA.
Proposal 6: Epoch time for Common TA is also defined as the point in time where the parameters for Common TA are assumed to be representative of the Common TA.
Proposal 7: Take the validity timer duration into consideration when determining the granularity for the common TA drift rate, common TA drift variation, and potentially common TA higher order derivatives.
Proposal 8: For 15 KHz SCS, granularity for the common TA drift rate is approximately .
Proposal 9: For 15 KHz SCS, granularity for the common TA drift variation is approximately .
Proposal 10: For 15 KHz SCS, granularity for the common TA 3rd order derivative, if supported, is approximately .
Proposal 11: The Common TA value in SIB is sufficient for common TA tracking.
Proposal 12: The Validity time for Common TA may be conditional on the amount of SIB readings.
Proposal 13: The Common TA drift rate variation may not be needed for Common TA tracking.
Proposal 14: Wait for SA3 response to the LS on broadcast of NTN GW or gNB position before discussing further in RAN1.
Proposal 15: The serving satellite ephemeris and common TA related parameters should be signalled in the same SIB message and have the same epoch time.
Proposal 16: the validity timer should be started/restarted only when both serving satellite ephemeris and common TA related parameters are received at the same time.
Proposal 17: Ephemeris and common TA updates should not trigger a reacquistion of all SIBs.
Proposal 18: RAN1 to consider special indication in the SI modification procedure for indication changes occurring specifically in NTN SIB or the SIB carrying NTN parameters.
Proposal 19: RAN1 shall consider special indication if the changes in NTN SIB require the UE to re-acquire the system information or if it may be left for UE implementation within validity timer. 
Proposal 20: the validity time is provided with a granularity on a per-frame level and on a per cell basis.
Proposal 21: In case the validity timer is about to expire, the UE informs the gNB that it will lose synchronization soon.  
Proposal 22: 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, the relevant associated Common TA parameters.

Proposal 23: 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 24: To reduce the signalling overhead for UE reporting, UE only informs gNB to maintain the validity timer status when there is potential UL or DL data transmission.
Proposal 25: The UEs may be 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 26: 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 27: 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 28: There is no need to indicate a TA margin. Any uncertainty related to TA should be covered by the Common TA value. As part of the UE’s implementation, the UE must still ensure that it fulfils RAN4 synchronization requirements.
Proposal 29: 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 30: The TAC value definitions for msg2/msgB remain the same as for NR in Rel-16.
Proposal 31: 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 32: The Common TA should be calculated in a deterministic way and applied at the same time for all UEs.
Proposal 33: 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 34: The gNB should be able to use the closed-loop solution (Timing Advance Commands over DL MAC-CE) at any time.  
Proposal 35: The TAC should operate in two different states to allow both differential and absolute indication of the TAC updates.
Proposal 36: In the downlink a common frequency offset on service link is pre-compensated to limit the UE search space for the synchronization signals.
Proposal 37: 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 38: 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 39: 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 40: RAN1 to discuss whether information should be shared by cells which will help UEs synchronising to the next cell.
Proposal 41: Serving cell ephemeris is used as a reference for deriving the target cell ephemeris, e.g. by reusing it directly or applying an individual offset.
Proposal 42: 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 43: The Set1 and Set2 satellite ephemeris data may have different update rates.
Proposal 44: 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.


	R1-2111010
	vivo
	Proposal 1: Not support to indicate common TA third order derivative and even higher order.
Proposal 2: Support the same epoch time for common TA parameters and satellite ephemeris, and the reference point of epoch time is located at satellite.
Proposal 3: Support to configure validity duration per cell.
Proposal 4: Support validity duration be broadcasted together with common TA parameters and satellite ephemeris.
Proposal 5: Support to indicate validity duration using both SIB and dedicated singalling.


	R1-2111098
	Spreadtrum Communications
	Proposal 1: The common TA epoch time is set to be the end of SI window of SI message carrying Common TA parameters.
Proposal 2: The reference point for epoch time of the common TA parameters should be known by UE and the reference point for epoch time is satellite.
Proposal 3: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 , 
Proposal 4: It is up to UE implementation how closed-loop TA is adjusted when NTA,UE-specific  or NTA,common are updated in RRC connected state.
Proposal 5: The calculation of UE-specific TA is up to UE implementation.
Proposal 6: Deprioritize support of Common DL frequency compensation for the service link Doppler shift in R17.
Proposal 7: Closed-loop UL frequency compensation is not supported in NTN Release.17.
Proposal 8: The serving satellite epoch time is set to be the end of SI window of SI message carrying serving satellite parameters.
Proposal 9: The reference point for epoch time of the serving satellite ephemeris should be known by UE and the reference point for epoch time is satellite.


	R1-2111122
	THALES
	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 need to be jointly broadcast by the Network.
Observation 2. Maximum 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
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.
Observation 7. One shall distinguish between orbit determination performance based on past measurements of the satellite trajectory and orbit prediction performance which concern the future satellite trajectory.
Observation 8. As a rule of thumb; it can be assumed that there is a factor of 1000 between the position error (in m) and the velocity error (in m/s). This is important to keep in mind when allocating an error budget for satellite position and velocity estimations.
Observation 9. The orbit prediction accuracy depends on:
a. -	The accuracy of the orbit determination used to derive the satellite ephemeris
b. -	The accuracy of the orbit propagation model
c. -	The time horizon over which the prediction is made
Observation 10. Even for a satellite system with “low quality” orbit determination algorithm, challenging operations relying on accurate prediction of satellite trajectories such as Doppler compensation can be performed reliably. 
Observation 11. Typical Precision Orbit Determination (initial 3D Position RMS Error = 0.5 m and 3D Velocity RMS Error = 0.5 mm/s) allows Satellite position prediction 60 seconds ahead with max error of 1.47m and 5 minutes ahead with max error of 3.87m 
Observation 12. Based on simulation results, prediction 45 s ahead for UE pre-compensation is accurate within 0.29 µs for round trip delay error and within 45.93 Hz for Doppler error (at FR2) when Kepler model is used. This is sufficient to accommodate UE pre-compensation requirement when using 120 kHz SCS.
Proposal 1: 
Higher-layer parameters TACommon, TACommonDrift and TACommonDriftVariation are jointly indicated if the Common TA include parameters indicating timing drift.

Proposal 2: 
· In case of GEO based non-terrestrial access network:
· In FR1: 
· Value range of  is : 0 - 16621439 
· bit allocation is: 24 bits
·  In FR2:
· Value range of  is: 0 - 66485757 
· bit allocation is: 26 bits
· in case of LEO based non-terrestrial access network:
· In FR1: 
· Value range of  is: 0 - 1282539
· bit allocation is : 21 bits
·  In FR2:
· Value range of  is: 0 - 5130157
· bit allocation is: 23 bits

Proposal 3: 
Higher-layer parameters TACommonDrift and TACommonDriftVariation are indicated:
In 14 bits and with value range : -24 microseconds/second … 24 microseconds/second, for TACommonDrift.
In 10 bits and with value range: -0,27 microseconds/second² … 0 microseconds/second², for TACommonDriftVariation.

Proposal 4: 
Satellite Ephemeris data and Common TA related parameters are sent within the same SIB/SI.
The epoch time of serving satellite ephemeris implicitly known as a reference time defined by the starting time of a DL slot and/or frame is used as reference time for Common TA parameters.

Proposal 5: 
The Epoch time of common TA parameters is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the common TA parameters are valid for.

Proposal 6: 
Send LS to RAN2 asking RAN2 to include serving satellite ephemeris and common TA related parameters within the Minimum SI: either SIB1 or a specific NTN MSI.

Proposal 7: 
The reference point for epoch time of Common TA parameters and the serving satellite ephemeris should be known by UE. This reference point is the satellite transmitter.

Proposal 8: 
TAcommon may include a timing offset (.e.g. = + Te_NTN ) if considered necessary to avoid that the UE over pre-compensates its TA during RACH procedure.

Proposal 9: 
-       is UE self-estimated TA to pre-compensate for the service link delay, which is calculated using the UE position and the serving satellite ephemeris. How the UE calculates/updates is left to UE implementation.
-        is updated autonomously by the UE based on the Common TA parameters indicated by the Network as follows:


Proposal 10: 
 A single validity timer for both serving satellite ephemeris and common TA related parameters is indicated using higher-layer parameter ntnUlSyncValidityDuration.
ntnUlSyncValidityDuration is indicated in 4 bits with 16 values: 5s, 10s, 15s, 20s, 25s, 30s, 35s, 40s, 45s, 50s, 55s, 60s, 120s, 180s, 240s, 300s.

Proposal 11   DL frequency compensation for the service link Doppler is not supported in Release 17.

Proposal 12: 
Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the Serving satellite ephemeris data is valid for.

Proposal 13:
Confirm the working assumption made at RAN1#106-bis-e on serving satellite ephemeris bit allocations for LEO/MEO/GEO based non-terrestrial access network.


	R1-2111178
	NEC
	Proposal 1. Common TA third order derivative could be optionally indicated by the network (i.e. for LEO scenarios).
Proposal 2. For the common TA related parameter(s) that is/are not indicated by the network, the UE assumes the value(s) of the corresponding parameter(s) as zero. 
Proposal 3. When the reference point is not the satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory to be indicated to NR NTN UE(s). 
Proposal 4. The Common TA epoch time is set to be the Nth slot after start of SI window of the SI message carrying common TA parameters.
Proposal 5. Include the Satellite Ephemeris data and Common TA related parameters within the same SIB/SI.
Proposal 6. Apply the same reference time for both Satellite Ephemeris data and Common TA related parameters.
Proposal 7. The reference point for epoch time of Satellite Ephemeris data and Common TA related parameters is the satellite.
Proposal 8. How the UE calculates/updates NTA, UE-specific is left to UE implementation.
Observation 1. The NTA,common could be updated autonomously by the UE based on the Common TA parameters indicated by the Network. There is no ambiguity between the UE and the gNB in normal condition.
Proposal 9. The validity duration, Common TA parameters and satellite ephemeris can be provided using dedicated signalling when the UE is in RRC connected state, e.g. if the UE is not configured with common search space.
Proposal 10. The network broadcasts the assistance information within the validity duration to avoid the UEs lose uplink synchronisation.
Proposal 11. If the assistance information is not updated at the expiry of the validity timer, UE is allowed to require the assistance information from the network, i.e. via triggering RACH.
Proposal 12. There is no need to define the validity duration on per BWP basis.


	R1-2111253
	CATT
	Proposal 2: Serving satellite ephemeris Epoch time should be linked to the DL slot and/or subframe carrying the ephemeris information.
Proposal 3: Third order derivative of common TA is not needed.
Proposal 4: In order to save signaling overhead, common TA and common timing drift rate or high-order derivative will be equal to 0 if not indicated. 
Proposal 5: Common TA should be greater than or equal to 0 if indicated.
Proposal 6: Support only one of two ephemeris formats in SIB up to network configuration.
Proposal 7: Support finer ephemeris information indication in RRC signaling per on-demand requirement.  
Proposal 8: Support validity duration along with satellite ephemeris and Common TA is broadcasted in SIB to simplify the signaling design.
Proposal 9: After UE has lost uplink synchronization caused by unavailable new ephemeris information, NTN UE will enter out of syn state and re-acquire fresh ephemeris information. 
Proposal 10: 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 11: 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. 
Proposal 12: Support the indication of common frequency pre-compensation with KHz granularity. For earth fixed beam, this value can be zero.
Proposal 13: Broadcasting the gateway position is not needed.  

Observation 1: Maximum RTD on the feeder link and granularity determine the signaling bit number of common TA.


	R1-2111315
	OPPO
	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.
Proposal 2: UE immediately trigger UL sync recovery procedure after validity duration is over. 
Proposal 3: For UL sync recovery procedure, UE monitors NTN-SIB scheduling in SIB update window. After ephemeris data acquisition, UE performs RACH procedure. 


	R1-2111355
	PANASONIC R&D Center Germany
	
Proposal 1: UE combines the common TA parameters (Common TA, Common TA drift rate and Common TA drift rate variation) signalled by the network as a power series of the type, i.e., without Taylor series type factorial factors

Proposal 2: It is up to the network how the coefficients of the power series (common TA parameters) are computed. UE can assume that the indicated coefficients minimize the maximum approximation error over the validity period.
Proposal 3: gNB includes the validity period with signalled common TA parameter set as separate parameter to satellite ephemeris. 
Proposal 4: gNB computes and signals common TA parameters with respect to one of the following reference points:
3. starting point of SI window in which the SIB, carrying common TA parameters, (SIB_NTN for short) is transmitted
4. starting point of SFN in which SIB_NTN is transmitted
Proposal 5: UE derives N_TA,common() based on

where  denotes relative time to the  reference point based on DL reception timing and  denotes service link delay at the reference point based on DL reception timing. 
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: 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 9: For Earth-fixed cells, make use of the information on the reference location of the cell to perform common frequency pre-compensation.



	R1-2111371
	MediaTek Inc.
	Indication of common TA drift parameters:
Observation 1: The number of SIB readings needed to estimate common TA parameters increases the cell access time:
To estimate the 3rd order derivative:
· 4 SIB readings with only common TA indicated
· 3 SIB readings with common TA and common TA drift indicated
· 2 SIB readings with common TA, common TA drift and common TA drift variation indicated    
To estimate the common TA drift variation:
· 3 SIB readings with only common TA indicated
· 2 SIB readings with common TA and common TA drift indicated
NOTE: 4 SIB reading common TA parameters are broadcast once every 2 seconds will add 8 seconds to access time to move to RRC_CONNECTED, which is longer that the coverage time of a beam spot of 50 km diameter. With a typical in-coverage time of 2 minutes for a LEO satellite, this would result in an efficiency loss of 6.6 % (=8 seconds / 2 minutes * 100). A prediction time in the order of 30 seconds for the common TA parameters and ephemeris with at most 2 SIB readings per prediction period would allow these parameters to be broadcast on the same SIB with reasonable update of SIB in the UE. 
Proposal 1: Support combination of common TA parameters: [Common TA , Common TA drift rate and Common TA drift rate variation] and support Common TA 3rd order derivative indication.

When the reference point is not Satellite: At least Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.


Granularity and signalling of Common TA Parameters:

Observation 2: The maximum range of common TA is 


Proposal 2: On value range is used for GSO and NGSO with the following granularities for numerology µ=0:
· Common TA is 23 bits
· Common TA drift is 18 bits
· Common TA drift rate variation is 18 bits
· Common TA 3rd order derivative is 18 bits
The granularities are scaled by 2µ for higher numerologies

NTA update / accumulation 
Proposal 3: When TAC ( in msg2/msgB is received,  UE receives the first adjustment and  is updated as follows:
  

NTN UE Time Alignment Timers:
Observation 3: A prediction time of 30 seconds in the UE 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. 

Observation 4: The prediction time in the NTN Contrl Center should be at least equal or greater than a typical UE prediction time of 30 seconds since the Gateway/gNB system has higher processing capability for long-term prediction of satellite position and velocity..

Proposal 4: A single time alignment validity timer is configured by the network with 
· Value range [30, 60, 90, 120, 180, 240, 300] 
· Unit is second
· Per cell
· Default value is 300

Indication of common frequency pre-compensation offset on DL service link
Observation 5: The degradation due to Feeder Link delay drift is not marginal for initial access. For connected mode, the feeder link delay drift has to be known to the UE to avoid performance degradation for DL demodulation.

Observation 6: 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 beams and earth-fixed beams.

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.

Serving satellite ephemeris format
Proposal 7: Confirm RAN1#106bis-e working assumption to support serving satellite ephemeris format bit allocations for LEO/MEO/GEO based non-terrestrial access network
Serving satellite ephemris Epoch time
Proposal 8: Send LS to RAN2 asking RAN2 to consider Option 1 and Option2 for serving satellite ephemeris Epoch time for the specification of  which SIB can be used for indication of ephemeris and common TA parameters. RAN2 may down-scope Option 1 and Option 2, where only one option will be used.


	R1-2111394
	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.
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.
Proposal 2: RAN1 should consider indicating the time at which a closed loop TA was calculated to the UE.
Proposal 3: RAN1 should specify calculation and update method for common TA with the broadcasted common TA related parameters.
Proposal 4: Support explicit configuration of ephemeris validity epoch time.
Proposal 5: If serving satellite ephemeris and common TA related parameters are not signalled in the same SIB message, separate validity timers should be defined and transmitted in different system information.
Observation 3: A UE that loses UL synchronisation due to expiry of ephemeris or common TA information may still have DL synchronisation.
Observation 4: A UE should be able to know when it will lose UL synchronisation by inspection of its UL synchronisation validity timer(s).
Proposal 6: RAN1 should require a UE soon to lose UL synchronisation to enter an UL synchronisation refresh mode during which it will signal the network for assistance information to maintain UL synchronisation.
Proposal 7: The network should be able to send in a UE-specific manner assistance information for maintenance of UL synchronisation to a UE that reports imminent loss of UL synchronisation.


	R1-2111412
	Lockheed Martin
	Proposal: Include a single “D/L pre-comp indication” bit in the Minimum System Information to inform the UE about whether downlink Doppler is pre-compensated for cell reference point.


	R1-2111414
	Ericsson
	Observation 1	The common delay, TACommon, can be signaled with granularity (64/23)Tc using 26 bits.
Observation 2	The common TA drift rate TACommonDrift, the common TA drift variation rate TACommonDriftVariation and the 3rd order term TACommonThirdOrder, can be signaled with 16, 15 and 14 bits, respectively.
Observation 3	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 4	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.
Observation 5	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.
Observation 6	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.

Based on the discussion in the previous sections we propose the following: 
Proposal 1	When TAC () in msg2/msgB is received,  is calculated as follows: 
Proposal 2	The fixed TA offset, , should be defined as in Rel-16.
Proposal 3	The UE-specific TA is the sum of two components: 1. The UL service link delay – the delay from when the UL slot to which the UE applies the UE-specific TA is transmitted from the UE until it is received (relayed) by the satellite. 2. The DL service link delay – the delay from when the corresponding DL slot is transmitted from (relayed by) the satellite until it is received by the UE.
Proposal 4	The granularity of UE-specific TA is .
Proposal 5	To characterize Common TA, the network may optionally indicate a third order term TACommonThirdOrder.
Proposal 6	Based on the signaled Common TA parameters, the UE calculates the Common TA as follows: TAcommon(t)=TACommon + TACommonDrift∙(t-Tepoch) + TACommonDriftVariation∙(t-Tepoch)2 + TACommonThirdOrder∙(t-Tepoch)3 where: t is the time the UL signal passes the satellite; Tepoch is the (implicit) epoch time of the common TA parameters; TACommon is the common TA at epoch time; TACommonDrift is the common TA drift rate; TACommonDriftVariation is the common TA drift rate variation; TACommonThirdOrder is the common TA 3rd order term
Proposal 7	Deprioritize support of Common DL frequency compensation for the service link Doppler shift.
Proposal 8	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 9	RAN1 to determine the relevance of the case of NTN coverage but no GNSS coverage.
Proposal 10	Epoch time for serving satellite ephemeris is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number that are signaled with the serving satellite ephemeris.
Proposal 11	Epoch time for Common TA is the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number that are signaled with the Common TA parameters.
Proposal 12	The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the satellite transmitter.
Proposal 13	Add an RRC parameter TACommonThirdOrder for the third order term of Common TA.



	R1-2111442
	Baicells
	Observation 1:  If precision level of the 1st and 2nd order derivatives is low, higher order derivative may not achieve the expected result. 
Proposal 1: Indication of Common TA drift parameters should be considered together with their precision level.
Observation 2:  It is still unclear about the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 2: Clarify the precision level of Common TA drift rate and Common TA drift rate variation. 
Proposal 3-1: Common TA Epoch time is implicitly know as a reference time defined by the starting time of a DL slot and/or frame, which is given by predefined rule.
Proposal 3-2: The reference point for epoch time of the Common TA parameters should be satellite.
Proposal 4-1: If the UE advances its initial transmission w.r.t PRACH occasion, the TA to be sent in TAC/RAR should be 0.
Proposal 4-2: TAcommon should not include a timing offset. This issue can be up to implementation.
Observation 5-1: If  parameters for open-loop TA are updated but the close-loop TA is not reset to 0, large error will be introduced to the UE’s total TA due to “double correction”. 
Proposal 5-1: If  parameters for open-loop TA are updated, the close-loop TA should be reset to 0 to avoid “double correction”. 
Proposal 7-1: The Validity duration for both serving satellite ephemeris and common TA related parameters is at least broadcast on the SIB. It is defined per cell.
Proposal 7-2: Provide the Validity duration using dedicated signalling when UE is RRC connected, e.g. if UE is not configured with common search space.
Proposal 11-1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by indication of the Nth slot after start of SI window of SI message carrying Serving satellite ephemeris. And we prefer N is 0.
Proposal 11-2: The reference point for epoch time of the serving satellite ephemeris should be the satellite.


	R1-2111494
	Intel Corporation
	Proposal 1: 
· 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 2: 
· Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame by using pre-defined rule without additional indication


	R1-2111571
	Xiaomi
	Proposal 1: Common TA and common TA drift rate are mandatory parameters to be indicated. 
Proposal 2: Common TA drift rate variation and common TA third order derivative are optionally indicated. 
Proposal 3: Common TA parameters can be indicated via UE-specific RRC signaling. 
Proposal 4: The epoch time of satellite ephemeris and common TA parameters is defined by the starting time of DL slot indicated by the network.
Proposal 5: Satellite ephemeris and common TA parameters are included in the same SIB/SI and using the same epoch time.
Proposal 6:  The reference point for epoch time of the common TA parameters is satellite. 
Proposal 7: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
  
Proposal 8: RAN1 waits for RAN4’s feedback on combination of open and closed loop TA control.
Proposal 9: The validity duration is defined per BWP.
Proposal 10: The validity timer can be indicated via UE-specific RRC signaling.
Proposal 11: RAN1 waits for SA3’s feedback on privacy issue and postpone the discussion on broadcasting the location of GW/gNB.


	R1-2111606
	CMCC
	Issue#1: Indication of Common TA drift parameters
Proposal 1: When the reference point is not satellite, Common TA, Common TA drift rate and Common TA drift rate variation are mandatory parameters to be indicated jointly.

Issue#2: Granularity and signalling of Common TA parameters
Observation 1: The feeder link error consists of curve-fitting error and quantization error.
Observation 2: There are some reasons for UE cannot detect SIB in RRC_CONNECTED state, 
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 2: When design the granularity and value range of Common TA related parameters, the same/similar error magnitude for both curve-fitting error and quantization error can be considered.
Proposal 3: Apart from indication on SIB, support Common TA related parameters indication via dedicated signaling.

Issue#3: The reference time of common TA parameters
Issue#11: Serving satellite ephemeris Epoch time
Observation 3: Two approaches can be considered to update the assistance information (i.e. serving satellite ephemeris data or Common TA parameters).
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1, just like “timeInfoUTC” field acts in SIB9.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Proposal 4: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, support Option 1, i.e.,
· Option 1: Provide the epoch time as part of the assistance information by indicating the SFN and the sub-frame number that the information is valid for.
Proposal 5: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, no spec impact is expected. In this case, UE expects the assistance information keep valid within the current SI modification period.
Proposal 6: It is up to RAN2 to determine which approach is adopted for updating the assistance information.
· Approach 1: The update period (e.g., 160ms) as well as the validity duration (e.g., 10~30s) for the assistance information are much smaller than SI modification period (e.g., 1~3 hours). Changes of the assistance information should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· Approach 2: Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information (about 10~30s).
Proposal 7: The reference point for epoch time of the Common TA related parameters is at satellite.
Proposal 27: The reference point for epoch time of the serving satellite ephemeris is at satellite.

Issue#4: The need and the indication of TA margin
Observation 4: Whether set  to 0, or which component is included in , are up to network implementation.
Proposal 8: In NTN, to avoid that the UE over pre-compensates its TA during RACH procedure, support Option 2, i.e.,  may include a timing offset (.e.g. = + Te_NTN ). No addition spec impact is expected with this solution.

Issue#5: TA update in RRC_CONNECTED state
Observation 5: To avoid the TA jump caused by double correction, if Solution 1 (based on gradual timing adjustment) is supported, minimum spec impact in RAN1 can be expected. Nevertheless, additional signaling overhead for closed loop TA adjustment is expected after open loop TA adjustment.
Proposal 9: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
·  and  = 0
· or, 
where, is the TAC field in msg2/msgB.
Proposal 10: To avoid the TA jump caused by double correction, one of the following solutions is supported.
· Solution 1: based on gradual timing adjustment. A big TA error caused by open loop calculation can be gradually adjusted with a minor step within a long duration.
· Solution 2: Update  to absorb the big TA error caused by open loop calculation, e.g.,

Proposal 11: To avoid the TA jump caused by double correction, if Solution 2 (Update N_TA to absorb the big TA error caused by open loop calculation) is supported, further study:
· Whether it is needed to specify the additional  update formula based on UE’s inner procedure for open loop TA update.
· How to specify it, if needed.
Proposal 12: How the UE calculates/updates  is left to UE implementation.
Proposal 13: How the UE calculates/updates  is left to UE implementation.

Issue#6: NTN UE Time Alignment Timers
Proposal 14: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may acquire new or additional assistance information before the associated validity expired during a process of P-RNTI triggered SI acquisition and/or during a process of autonomous SI acquisition.
Proposal 15: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, UE may send a signaling to gNB to request for a quick response of indication of new or additional assistance information via dedicated signaling, if it fails to acquire new or additional assistance information via SI when the associated validity is to be expired due to the following reasons:
· UE is not configured with a Common Search space within the active BWP.
· If SIB read is not during a process of P-RNTI triggered SI acquisition, UE may skip decoding PDSCH scheduled with SI-RNTI, when it was partially or fully overlapped with another PDSCH scheduled with C-RNTI, MCS-C-RNTI, or CS-RNTI in time.
Proposal 16: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is adopted, UE may acquire new or additional assistance information in the next SI modification period during a process of P-RNTI triggered SI acquisition. No additional spec impact is expected.
Proposal 17: The validity duration for both serving satellite ephemeris and common TA related parameters can be defined per cell.
Proposal 18: If Approach 1 (i.e., the update period as well as the validity duration for the assistance information are much smaller than SI modification period) is adopted, for indication of the validity duration,
· The unit can be coarse, e.g., second or SIB period. 
· The range can be selected based on the maximum validity duration length, e.g., 10~30 s.
Proposal 19: If Approach 2 (i.e., Set the SI modification period = The update period for the assistance information = the validity duration for the assistance information) is supported, there is no need to indicate the validity duration. In fact, UE expects the assistance information keep valid within the current SI modification period.

Issue#7: Broadcasting the position of a reference point
Observation 6: 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 7: For TA pre-compensation, broadcasting the position of a reference point of the feeder link with certain accuracy is feasible.
Observation 8: Security issue can be fixed by broadcasting the position of a reference point of the feeder link with certain artificial bias.
Proposal 20: Support broadcasting the position of a reference point of the feeder link with certain artificial bias.

Issue#8: Indication of common frequency pre-compensation offset on DL service link
Proposal 21: Deprioritize support of Common DL frequency compensation for the service link Doppler shift.

Issue#10: Serving satellite ephemeris format bit allocations
Proposal 22: Confirm the working assumption on serving satellite ephemeris format bit allocations.
Proposal 23: To serving satellite ephemeris format indication, different value range and bit allocation can be considered for different scenarios.
Proposal 24: A scenario indication can be broadcasted by the network, and it can be used for determining the value range and bit allocation for the following parameters
· Cell specific K_offset
· Common TA parameters
· satellite ephemeris
Proposal 25: The same ephemeris format bit allocations can be considered for both HAPS and ATG.
Proposal 26: The value range of altitude may be 0~50km for HAPS and ATG.


	R1-2111659
	ZTE
	Proposal 1: Following options can be considered for common TA parameters indication:
· Option 1: Only support the combination {common TA, common TA drift rate, common TA drift rate variation}, where the common TA drift rate and common TA drift rate variation can be zero.
· Option 2: Support following two combinations, which can be configured by gNB for different scenarios 
· {common TA, common TA drift rate, common TA drift rate variation}
· {common TA}
Proposal 2: The signaling granularity of common TA drift rate can be chosen as 1.11*10-2 us/s. The signaling granularity of common TA drift rate variation can be chosen as 1.13*10-3 us/s2.
Proposal 3: If only one type of common TA signaling is supported, following configurations can be considered:
· {one common TA in a field of 26 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
Proposal 4: If different types of common TA signaling are supported for different scenarios, following configurations can be considered
· {one common TA in a field of 23 bits, one first order drift rate in a field of 12 bits, one second order drift rate in a field of 9 bits}
· {one common TA in a field of 26 bits}


Proposal 5: When TAC () in msg2/msgB is received,  is calculated as follows:

,

where  is the TAC filed received in msg2/msgB.

Proposal 6:  is calculated/updated autonomously by the UE based on its GNSS acquired position and satellite ephemeris via implementation.

Proposal 7: In RRC_IDLE,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, and UL transmission time via implementation. 

Proposal 8: In RRC_CONNECTED,  is calculated/updated autonomously by the UE based on common TA parameters, epoch time of common TA, DL transmission time of scheduling information, and UL transmission time via implementation. 
Proposal 9: If no conclusion in RAN4 on this issue, the following solution should be specified to avoid the duplicated correction:
· 
UE subtracts the difference between UE specific TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new GNSS fix and/or new ephemeris are applied, i.e., .
· 
UE subtracts the difference between common TAs derived based on new parameters and old parameters from the accumulative closed loop TA when new common TA parameters are applied, i.e., .
Proposal 10: A single validity duration for both common TA and ephemeris parameters should be broadcast by SIB per cell. 
Proposal 11: The signaling granularity of validity duration can be chosen up to one or more seconds with larger range to cover all potential cases.
Proposal 12: The assistance information can be updated by UE through periodic SIB reading. The update period should be equal to or shorter than the validity duration to avoid synchronization loss during UL transmission.
Proposal 13: The epoch time of assistance information can be implicitly indicated to UE using SFN and subframe index.
Proposal 14: The reference point for epoch time should be satellite.
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: Use relative position in HAPS ephemeris to take advantages of the limited visible region
Proposal 17: Allocate 78 bits for HAPS ephemeris
Proposal 18: Different network types may have different allocated bits number, to further reduce the signalling overhead.
Proposal 19: Considering relative position in satellite ephemeris to further reduce signalling overhead.
Proposal 20: 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.


	R1-2111735
	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.
Observation 2: The gNB jointly indicates the TA variation rate and the Doppler shift.
Observation 3: Based on the indicated TA variation rate r_TA (and the current TA), the UE can autonomously adjust its TA.
Observation 4: Based on the indicated Doppler shift f_D (and the compensated frequency offset), the UE can determine the residual Doppler shift and pre-compensate its UL transmission.

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: 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 4: Multiple reference points and common TA values should be considered for extremely large cells
Proposal 5: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 6: 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 7: The gNB indicates the additional UL frequency offset value for the pre-compensation at UE side.


	R1-2111790
	Fraunhofer IIS - Fraunhofer HHI
	Observation 1: Signaling the 3rd order drift rate parameter improves the common TA estimation at the UE side substantially.
Proposal 1: Network may optionally indicate the common TA 3rd order derivative parameter. 
Proposal 2: NTN UE calculates the common TA according to the common TA broadcast parameters describing a polynomial function given by 
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift.

Proposal 3: RAN1 to consider the DL slot where the common TA parameters broadcast to the NTN UE as the common TA epoch time. 


	R1-2111821
	InterDigital, Inc.
	Observation-1: Due to fast movement of LEO satellites, a coordinate-based ephemeris representation will become quickly obsolete and require frequent updates.
Observation-2: Over the timescales of initial access, error to orbital prediction introduced by e.g., atmospheric drag is relatively minor and should allow sufficiently accurate estimates for timing pre-compensation.
Proposal-1:	Ephemeris format is determined based on NTN scenario without indication.
Proposal-2:	State vector is used for GEO/HAPS and orbital elements is used for LEO.
Proposal-3:	NTN deployment scenario is indicated in SIB and it is up to RAN2 how to indicate the NTN deployment scenario in SIB.


	R1-2111871
	Apple
	Proposal 1: Among the common TA parameters, the common TA is mandatorily indicated by network, while common TA drift rate and common TA drift rate variation are optionally indicated by network.
· At least for GEO, common TA drift rate and common TA drift rate variation are not indicated by network.

Proposal 2: The common TA parameter indicated by network has value range of 0 - 271 ms, which is represented by 25 bits for FR1.

Proposal 3: The common TA drift rate parameter indicated by network has value range of +/- 26.7  and granularity of 0.002  or 0.004  for FR1. 

Proposal 4: The common TA drift rate variation parameter indicated by network has granularity of 0.0002 .

Proposal 5: The epoch time for common TA is set as the start of SI window of SI message carrying common TA parameters.

Proposal 6: The reference point for common TA epoch time is at satellite. 

Proposal 7: 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), is the latest received common TA drift rate variation (if indicated) and  is the gap between the common TA epoch time and the corresponding uplink transmission time.

Proposal 8: When TAC () in msg2/msgB is received, UE receives the first adjustment and  is updated as .

Proposal 9: When UE applies new GNSS or satellite ephemeris parameters, which results in a large offset on UE specific TA, UE resets the accumulated closed-loop TA, which is received since the previous GNSS or satellite ephemeris parameters update. 

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 velocity parameters are not used for GEO satellite. 

Proposal 12: The epoch time for serving satellite ephemeris is set as the start of SI window of SI message carrying serving satellite ephemeris.

Proposal 13: The reference point for serving satellite ephemeris epoch time is at satellite. 



	R1-2111969
	LG Electronics
	Proposal 1. Do not support the Common TA third order derivative in Rel-17 NTN.

Proposal 2. Possible combinations of Common TA parameters can be predefined in specification. In addition, NTN UE can expect the Common TA parameters selected from the predefined combinations to be provided.

Proposal 3. RAN1 should select one of the following alternatives for how to indicate the value 0 of common TA parameters:
· Alt-a: gNB explicitly indicate the common TA with value of 0
· Alt-b: UE assumes common TA parameters are 0 when UE is not provided by network with common TA parameters.

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. Independent validity durations for common TA parameters and satellite ephemeris also can be supported.

Proposal 7. 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 8. Support independent TA update for each TA using separate TA control loops.

Observation 1: It is desirable to set closed loop TA, common TA, and UE specific TA as non-conflicting. If not, the conflicts may occur, and additional UE behaviour might be necessary.

Proposal 9. In order to prevent double correction (or TA jump), separate updating duration for closed loop TA (), common TA (), and UE specific TA () can be configured by gNB, respectively.

Observation 2. Regarding two satellite ephemeris formats, to reduce the UE implementation complexity, it is preferred that one of these formats can be a mandatory feature and the other can be optional feature.

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

Proposal 11. Network can indicate partial parameters for upcoming satellite to UE in case when the ephemeris format based on orbital elements is used, and same ephemeris is used for multiple satellites.


	R1-2112005
	Lenovo, Motorola Mobility
	Proposal 1: 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.


	R1-2112105
	NTT DOCOMO, INC.
	Observation 1: With the validity duration of 10 seconds, Common TA, Common TA drift rate and Common TA drift rate variation are enough for LEO-600km for FR1. Common TA third order derivative is needed LEO-600km for FR2.
Observation 2: Different combinations of common TA parameters are needed for different NTN types and UE capability on NTN type. For example,
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation are necessary for moderate validity duration and FR1.
· GEO: Common TA is enough due to its feature of stationary location to earth
· HAPS: Common TA (and Common TA drift rate optionally) may be needed
Observation 3: Including a timing offset in Common TA can avoid over pre-compensation issue during RACH procedure. Different definitions of Common TA (e.g., including a timing offset or not) during the RACH procedure and data transmission would cause a mismatch and affect the performance.
Observation 4: Independent closed-loop and open-loop TA control may cause large timing error.
Observation 5: When the UE is not configured with a Common Search space within the active BWP, dedicated signaling with SIB message can be considered.

Observation 6: For the update of common TA parameters and/or satellite ephemeris, the associated validity duration and Epoch time may also be updated.
Observation 7: With position and velocity state vector ephemeris format, current bit allocations for LEO/MEO/GEO includes HAPS scenario. Further optimization on the bit allocations can be considered for finer quantization and lower payload.
Observation 8: Orbital parameter ephemeris format is not suitable for HAPS scenario and is not preferred.

Based on the discussion we made following proposals.
Proposal 1: Common TA third order derivative is optionally supported based on the validity duration and carrier frequency.
Proposal 2: Based on NTN type and UE capability on NTN type, UE assumes that following combination of common TA parameters are included at least in SIB message:
· LEO: Common TA, Common TA drift rate and Common TA drift rate variation in mandatory, and Common TA third order derivative optionally based on carrier frequency.
· GEO: Common TA in mandatory
· HAPS: Common TA in mandatory, Common TA drift rate optionally
Proposal  3: 
· For FR1, same granularity with Common TA can be used, i.e.,   per second for Common TA drift rate and   per second2 for Common TA drift rate variation. 
· For FR2, finer granularity should be used, e.g.,   per second for Common TA drift rate,   per second2 for Common TA drift rate variation and   per second3 for Common TA 3rd-order derivative.
Proposal  4:  Serving satellite ephemeris and/or common TA parameters Epoch time is implicitly known as a reference time defined by the starting time of a DL sub-frame and/or frame by indication with SFN and the sub-frame number that the ephemeris data is valid for. 
Proposal  5: The reference point for Epoch time of the common TA parameters and/or satellite ephemeris could be set at the satellite. 
Proposal 6: The common TA parameters and satellite ephemeris are sent within the same signaling, e.g., SIB1, and the same Epoch time can be used for both of them. 
Proposal 7: It could be up to Network implementation on whether to include a timing offset in Common TA to avoid that the UE over pre-compensates its TA during RACH procedure.
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 considering the constraints of timing jump value.
· 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: When UE losing uplink synchronization because of non-available new or additional information within the associated validity duration, UE follows Rel-15/16 behavior on uplink asynchronization.
Proposal 13: Validity duration for serving satellite ephemeris and common TA related parameters broadcast on the SIB is defined per cell.
Proposal 14: For UEs without a Common Search space within the active BWP, dedicated signaling with same information in SIB message as well as same mechanism with 5G NR can be reused.
Proposal 15:  Common TA related parameters and satellite ephemeris can be signaled in the same SIB1 message, or in the same dedicated signaling carrying SIB1 message, e.g., RRC, at least for UEs without common search space in its active BWP.
Proposal 16: The validity duration and Epoch time should be signaled together with the associated common TA parameters and/or satellite ephemeris.
Proposal 17: Support to deprioritize DL common frequency pre-compensation for the service link Doppler shift (i.e. Option 1).
Proposal 18: Only use the position and velocity state vector ephemeris format for HAPS. The bits allocation can be further optimized.
· Position and velocity state vector ephemeris format [12 bytes payload]. 
· The field size for position [m] is [54 bits]
· Position range is driven by HAPS: +/- 50 km
· The quantization step is [0.38m] for position
· The field size for velocity [m/s] is [42 bits]
· Velocity range is driven by HAPS: +/- 140 m/s
· The quantization step is [0.017 m/s] for Velocity
Proposal 19: For the potential application of orbital parameter ephemeris format for HAPS, at least the value range of semi-major axis should be redesigned.


	R1-2112214
	Qualcomm Incorporated
	[bookmark: _Hlk54112923]Observation 1: Defining the epoch time as a DL slot at the SRP allows easier calculation of service link delays.
Observation 2: Since the DL and UL feeder link delays may have to be calculated separately, it is preferred to signal the distance of the feeder link delay divided by the speed of light.
Proposal 1: Serving satellite ephemeris Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame at the reference point where common TA equals 0.

Proposal 2: For common TA, the distance between the satellite and the reference point divided by the speed of light is signaled.
Proposal 3: UE assumes that the transmit symbol and slot durations are constant (e.g., no transmit timing pre-compensation) at the reference point where common TA equals to 0.

Proposal 4: When TAC ( in msg2/msgB is received, UE receives the first adjustment and  is updated as follows:
 ,
.
Proposal 5: Support the indication in SIB of DL frequency pre-compensation referenced at the satellite transmitter with granularity as the SCS of the SSB.
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