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1 Introduction
In RAN#108-e [1], there are some pending issues for NR NTN. In this contribution, we provide our perspectives. 

2 Discussion on remaining issues for Time and Frequency synchronization 
2.1 TACommon Parameters
RAN1#107e made agreement
	Agreement(RAN 107e)
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 are as follows:

	Parameter name 
	Value range
	Granularity
	Bits allocation

	 TACommon  
	0 ...66485757 
(i.e: 0… 270.73 ms) 
	4.07 x 10-3 µs
 
	26 bits

	TACommonDrift
	  - 261935… + 261935
(i.e: -53.33 µs/s  … +53.33 µs/s ) 
 
	0.2 x 10-3 µs/s
	19 bits

	[bookmark: _Hlk99704205]TACommonDriftVariation
	 0…29470
(0…0.60 µs/s2  )
 
	0.2 x 10-4 µs/ s2

	15 bits

	· Value ranges are given in unit of corresponding granularity
	 
	
	 







[bookmark: OLE_LINK5][bookmark: OLE_LINK6]The range for the TACommonDrift is - 261935… + 261935, however, it should be (–218-1 .. +218-1) which is -262143… +262143. The value range for the TACommonDrift should be (–218-1 .. +218-1)* 0.2 x 10-3 µs/s = -52.42 µs/s  … + 52.42 µs/s.
Similarly, the range for the TACommonDriftVariation should be (0 .. 215-1) which is 0… 32767. The value range for the TACommonDriftVariation should be (0 .. 215-1)* 0.2 x 10-4 µs/s2 = 0… 0.65 µs/s2.

Proposal 1: Adopt new range for TACommonDrift - 262143… + 262143 (i.e: 52.42 µs/s  … + 52.42 µs/s ) and new range for TACommonDriftVariation 0… 32767 (0… 0.65 µs/s2).

2.2 Common Delay formula
The moderator view in RAN1#108-e in FL summary (R1-22-2908)   is the formula of   agreed in previous RAN1 meeting is essential because it provides how the UE interpret/use the Common TA related parameters indicated by the Network. It is also used by the UE to compute/derive the . From this perspective, the agreement on  made at previous RAN1 meeting should be captured in the specs. TS 38.213 is the right place for that. Nevertheless, how the UE derive the  from  might be left the UE implementation and thereby, it is not needed to be captured in the specifications. We agree with the moderator and make the following proposal

Proposal 2: Support Modified proposal 12 (rev 1) and TP for 3GPP TS 38.213 for the formula of   as proposed in FL summary in RAN1#108-e.
2.3 TACommonDriftVariation value range
In NR NTN, it was discussed that the CommonDelayDriftVariation can be negative in GEO due to 2 factors [2]:
· Even for a perfectly circular and equatorial GEO orbit – which is almost never the case – variations in Earth’s gravitational field and other contributing gravitational fields cause the orbit to wobble, which causes the satellite’s relative distance from the ground to increase and decrease with varying rate of change, which in turn causes a varying delay drift (positive as the satellite’s stationary point gets further, negative as it gets closer);
· Most communications satellites do not exhibit a perfectly equatorial Geo-stationary Earth Orbit (GEO), but rather a slightly inclined Geo-synchronous orbit (GSO) – in fact almost no MSS satellite is in a perfect equatorial orbit. This causes the typical “figure 8” pattern of the apparent satellite point in respect to the ground (aka satellite box movement), which furthers creates a varying change in the slant range, with a varying rate of change in time, which further contributes to the delay drift variation (positive or negative).
One solution discussed was to add an additional bit for the sign for TACommonDriftVariation. Though this would resolve the sign issue, another issue is the granularity and range that would result in accuracy loss.
Another solution is to change the granularity and range and keep the same bit allocation. This can be justified by the Doppler shift of 0.93 ppm, which is significantly smaller than that in LEO which is in the order of 24 ppm.  It was found via simulations that best results for GEO can be achieved with  new granularity and range of TACommonDrift and TACommonDriftVariation as shown below:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits
The new granularity and range allow an accuracy for the UE prediction of the common TA in the order of 0.1 us with prediction time up to 900 seconds. NOTE: Re-using the range for TACommonDrift and TACommonDriftVariation agreed in RAN1 for GEO gives a quantization error in the order of 0.6344 us.

Proposal 3: For GEO for NR NTN:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits

2.4 Ambiguity in interpretation of SFN indicating Epoch time
In NR NTN, it was discussed that the ambiguity in SFN interpretation should be resolved to avoid system failure of UE pre-diction [2]. For instance, the eNB indicates an SFN=x that is in the future, while UE assumes epoch time x is in the past. When UE reads SIBx with ephemeris and common TA parameters at time t and does prediction to obtain ephemeris and related time and frequency parameters from epoch time in the past to time t, then this assumption is wrong. Because SFN=x is in the future and UE should do prediction backwards from epoch time to time t.
[bookmark: _Hlk100908690][bookmark: _Hlk100735792]There are two revisions in the email discussion of RAN1 108e, the pro and cons of rev3 and rev4 were discussed over the reflector but no consensus could be made.
	Updated Proposal 15 (rev 3):
If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received

Updated Proposal 15 (rev 4):
Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.


For rev3, if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012), then UE will confuse on choosing Epoch time SFN 500 in the past or in the future, wherein the distance between SIBx SFN and Epoch time SFN 500 in the past or in the future are the same. Besides, considering there are repetitions for SIBx and eNB indicating Epoch time SFN 500 in the past, assuming the repetitions from SIBx SFN (SFN 1010 1011 1012 1013), if UE successes decoding at SIBx SFN (SFN 1010), UE decides Epoch time SFN 500 in the past, if UE successes decoding at SIBx SFN (SFN 1013), UE decides Epoch time SFN 500 in the future. This may cause serious outcome considering wrong common TA parameters for nearly 10s.
Observation 1: RAN1#108-e proposal 15 Rev 3 “If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received” cannot solve SFN wrapping ambiguity  if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012).
Rev4 constrains flexibly to indicate SFN for Epoch time in the past. For rev4, if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1), then the prediction needs to be 10.24s, for LEO, this may cause decreased accuracy on common TA parameters. Besides, considering there are repetitions for SIBx and eNB indicating Epoch time SFN 500 the upcoming one, assuming the repetitions from SIBx SFN (SFN 498 499 500 501), if UE successes decoding at SIBx SFN (SFN 499), UE decides Epoch time SFN 500 as the upcoming one, if UE successes decoding at SIBx SFN (SFN 501), UE decides Epoch time SFN 500 in the future not the upcoming one. This may cause serious outcome considering wrong common TA parameters for nearly 10s.
[bookmark: _Hlk100909269]Observation 2: RAN1#108-e proposal 15 Rev 4 “Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.” requires longer predicition time with an additional 10.24 s if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1).
[bookmark: _Hlk100908968]The ambiguity can be resolved by adding rules to interpret the epoch time as illustrated in an example in Fig. 1. The Epoch time is indicated as SFN=500. The UE reads the ephemeris and common TA parameters on SIBx at SIBx SFN. If Epoch time SFN- SIBx SFN is positive, choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future); if Epoch time SFN- SIBx SFN is zero, choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN); if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past).  For SI window across SFN boundaries, SIBx SFN is the last frame where the message indicating the Epoch time is received. Even if there are SI window across SFN boundaries, eNB and UE still know that UE should choose Epoch time SFN with indication of SIBx SFN is the last frame where the message indicating the Epoch time is received. The duration for prediction is no longer than 5.12s, compared to 10.24s, this will enhance accuracy on predicting of common TA parameters.
[image: ]

Figure 1: Illustration of solution for interpretation SFN indicating Epoch time

Proposal 4: Indicated SFN for Epoch time is, 
· if (Epoch time SFN- SIBx SFN) is positive choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if (Epoch time SFN- SIBx SFN) is zero choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received.

2.5 Reference Frame for Ephemeris Set 2 – Orbital parameters
RAN1#104bis- agreed 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

For set 1, RAN1 agreed position X,Y,Z in ECEF (m) and velocity VX, VY, Vz in ECEF(m/s).
For set 2, the assumption for Reference Frame is ambiguous. The Reference Frame has two constraints:
Has to be an Inertial RF : so that the orbital parameters are valid (orbital parameters are only valid in Inertial RF which experiences no acceleration)
Valid at epoch time with respect to ECEF or an earth fixed RF so that the UE does not need to acquire absolute time.

Proposal 5: For set 2, RAN1 agree on orbital parameters α , e, ω , Ω , I, and M in Earth Centered Inertial (ECI) Frame
· The ECI and ECEF coincide at Epoch time  (e.g. x,y,z axis in ECEF are aligned with x,y,z axis in ECI)

3 Discussion on remaining issues for Timing Relationships
3.1 Ambiguity of cell-specific K_offset in SIB modification period
	Agreement(RAN 107e)
For determining UE specific K_offset 
· Option 2: MAC CE provides a differential UE specific K_offset value. The full UE specific K_offset value equals the cell specific K_offset value minus the differential UE specific K_offset value.
FFS: whether/how to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period




The timing of SI change is defined precisely by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period.
In TS 38.331 [3]:
	Section 5.2.2.2.2 SI change indication and PWS notification:
A modification period is used, i.e. updated SI (other than for ETWS and CMAS) is broadcasted in the modification period following the one where SI change indication is transmitted. The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. The modification period is configured by system information. The UE receives indications about SI modifications and/or PWS notifications using Short Message transmitted with P-RNTI over DCI (see section 6.5). Repetitions of SI change indication may occur within preceding modification period.
[bookmark: _Toc60777089][bookmark: _Toc90650961][bookmark: _Hlk54206646][bookmark: _Toc60777111][bookmark: _Toc90650983]Section 6.2.2 Message definitions –RRCRelease
PagingCycle ::=                     ENUMERATED {rf32, rf64, rf128, rf256}
[bookmark: _Toc60777231][bookmark: _Toc90651103][bookmark: _Toc60777158][bookmark: _Toc90651030][bookmark: _Hlk54206873]Section 6.3.2 Radio resource control information elements –DownlinkConfigCommonSIB
BCCH-Config ::=                 SEQUENCE {
    modificationPeriodCoeff         ENUMERATED {n2, n4, n8, n16},
    ...
}
PCCH-Config ::=             SEQUENCE {
    defaultPagingCycle                  PagingCycle,
    nAndPagingFrameOffset               CHOICE {
        oneT                                NULL,
        halfT                               INTEGER (0..1),
        quarterT                            INTEGER (0..3),
        oneEighthT                          INTEGER (0..7),
        oneSixteenthT                       INTEGER (0..15)
    },
    ns                                  ENUMERATED {four, two, one},
    firstPDCCH-MonitoringOccasionOfPO   CHOICE {
        sCS15KHZoneT                                                                SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..139),
        sCS30KHZoneT-SCS15KHZhalfT                                                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..279),
        sCS60KHZoneT-SCS30KHZhalfT-SCS15KHZquarterT                                 SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..559),
        sCS120KHZoneT-SCS60KHZhalfT-SCS30KHZquarterT-SCS15KHZoneEighthT             SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..1119),
        sCS120KHZhalfT-SCS60KHZquarterT-SCS30KHZoneEighthT-SCS15KHZoneSixteenthT    SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..2239),
        sCS120KHZquarterT-SCS60KHZoneEighthT-SCS30KHZoneSixteenthT                  SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..4479),
        sCS120KHZoneEighthT-SCS60KHZoneSixteenthT                                   SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..8959),
        sCS120KHZoneSixteenthT                                                      SEQUENCE (SIZE (1..maxPO-perPF)) OF INTEGER (0..17919)
    }      OPTIONAL,           -- Need R
    ...,
    [[
    nrofPDCCH-MonitoringOccasionPerSSB-InPO-r16                                  INTEGER (2..4)             OPTIONAL  -- Cond SharedSpectrum2
    ]]
}



Actual modification period is expressed in number of radio frames m = modificationPeriodCoeff * defaultPagingCycle, according to the specification, the minimum modification period is 640ms. 
In RAN1 108e, an agreed LS has been sent to RAN2:
	Some of these other parameters (e.g. K_offset) will impact the UE’s UL transmit timing. For several meetings RAN1 has been discussing whether there is a need to resolve ambiguity of which cell-specific K_offset value to use during the SIB modification period and the majority of companies think that it can be handled by gNB implementation. According to some companies this potential ambiguity has to be resolved in the specifications. RAN1 respectfully asks RAN2 to share their understanding on whether there is a need to address this potential ambiguity.



Hence, this issue can be discussed in RAN2. 
Proposal 6: Wait for RAN2's reply to the cell-specific K_offset ambiguity issue during the SIB modification period.

4 Conclusion
In this contribution, remaining issues for NR NTN were addressed. The following proposals were made

For Time and frequency synchronisation:
Proposal 1: Adopt new range for TACommonDrift - 262143… + 262143 (i.e: 52.42 µs/s  … + 52.42 µs/s ) and new range for TACommonDriftVariation 0… 32767 (0… 0.65 µs/s2).

Proposal 2: Support Modified proposal 12 (rev 1) and TP for 3GPP TS 38.213 for the formula of   as proposed in FL summary in RAN1#108-e.
Proposal 2: For GEO for NR NTN:
· TACommonDrift with granularity 0.2 * 1e-4 us/s and range +/-5.24 us/s, bits allocation 19 bits
· TACommonDriftVariation with granularity 2 * 1e-7 us/s^2 and range +/-3.27 ns/s^2, bits allocation 15 bits
Observation 1: RAN1#108-e proposal 15 Rev 3 “If indicated explicitly by a SFN and subframe number, the UE considers this frame to be the frame which is nearest to the frame where the message is received” cannot solve SFN wrapping ambiguity  if UE decodes SFN for Epoch time (Epoch time SFN 500) at SIBx SFN (SFN 1012).
Observation 2: RAN1#108-e proposal 15 Rev 4 “Indicated SFN for Epoch time is current SFN or  the next upcoming SFN after the frame where the message indicating the Epoch time is received.” requires longer predicition time with an additional 10.24 s if UE decodes SFN for Epoch time (Epoch time SFN 0) at SIBx SFN (SFN 1).
Proposal 3: Indicated SFN for Epoch time is, 
· if (Epoch time SFN- SIBx SFN) is positive choose next epoch time after SIBx SFN (i.e. SFN for epoch time is in the future). 
· if (Epoch time SFN- SIBx SFN) is zero choose SIBx SFN (i.e. SFN for epoch time is SIBx SFN ). 
· if (Epoch time SFN- SIBx SFN) is negative choose previous epoch time before SIBx SFN (i.e. SFN for epoch time is in the past). 
Note 1: SIBx SFN is the last frame where the message indicating the Epoch time is received.

Proposal 4: For set 2, RAN1 agree on orbital parameters α , e, ω , Ω , I, and M in Earth Centered Inertial (ECI) Frame
· The ECI and ECEF coincide at Epoch time  (e.g. x,y,z axis in ECEF are aligned with x,y,z axis in ECI)

For Timing relationships: 
Proposal 5: Wait for RAN2's reply to the cell-specific K_offset ambiguity issue during the SIB modification period.
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