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Introduction
A new work item on “Solutions for NR to support non-terrestrial networks (NTN)” was approved in RAN#86 [1]. In RAN1#105-e, the following agreements were made.
	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.


This contribution considers enhancements on UL time and frequency synchronization for NTN based on the above agreements and open issues.

Discussions
N_{TA,common} and N_{TA} 
These two values need to reflect the propagation delay (not including the delay between the UE and the satellite).  For example,  and  could correspond to the feeder link delay and other processing delays. For a LEO satellite, the feeder link delay is dynamic; thus, the sum of  and  needs to be updated.
Figure 1 shows the feeder link delay for the altitude of 2000 km. The feeder link delay varies from about 6.5 msec to 18 msec.
Figure 2 shows 1) the feeder link delay as a function of time and 2) the expected feeder link delay estimation error when a first-order linear regression (that accounts for the drift rate) is used to estimate   over a 2-second window. The maximal estimation error is about  msec, which is  (and much smaller than the length of the CP).
and  can be updated based on the following options:
· Option 1
· : its update is supported by group common signalling.
· : Defined as the same as Rel-15/16
· Option 2
· : broadcasted by SIB.
· : Defined as the same as Rel-15/16
· Option 3
· : broadcasted by SIB with drift rate information.
· : Defined as the same as Rel-15/16. 
For granularity, since this is related to the performance requirement and signaling in TA mechanism, we propose to discuss the granularity after concluding the signaling and update of  and .

[image: ]
[bookmark: _Ref79046707]Figure 1. Feeder link delay as a function of elevation angle for the LEO satellite with altitude of 2000 km

[image: ]
[bookmark: _Ref79046732]Figure 2. Feeder link delay as a function oftime for the LEO satellite with altitude of 2000 km and its expected error with linear regression

N_{TA, UE-specific}

A UE calculates  based on its estimated position and applies it for uplink transmission. However, depending on  and , the gNB may need the UE to report to resolve ambiguity regarding . Therefore, a mechanism to align between the gNB and the UE is needed, e.g., a UE reports  when 1) it updates or 2) the gNB triggers the UE to update .
For granularity, if the UE does not report , then the UE can just apply  as a real number, which is the distance between the satellite and the UE divided by the speed of light. If the UE reports , it can use  as the reporting granularity.

[bookmark: _Ref78447500]Proposal 1: The following options are considered for  and .
· Option 1
· : its update is supported by group common signalling.
· : Defined as the same as Rel-15/16
· Option 2
· : broadcasted by SIB.
· : Defined as the same as Rel-15/16
· Option 3
· : broadcasted by SIB with drift rate information.
· : Defined as the same as Rel-15/16. 

[bookmark: _Ref78447503]Proposal 2: RAN1 discusses the granularity after concluding the signaling and update of  and .

[bookmark: _Ref78447505]Proposal 3: A mechanism to align between the gNB and the UE is adopted, e.g., a UE reports  when it updates or the gNB triggers the UE to update  with a granularity of .


Open/Closed Loop TA control
 may be relatively static in certain scenarios, e.g. communication with a GEO satellite. In those instances, the gNB may only need to employ closed-loop TA control, reducing the computational burden on a UE to update  (which can be set to zero or set to its initial value). This motivates supporting closed-loop TA control (along with open-loop TA control and the combination of open&closed loop TA control, depending on the gNB configuration).

[bookmark: _Ref78447508]Proposal 4: 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


Common TA indication
Once RAN1 has completed the above-mentioned normative works, if RAN1 can identify any of the above-mentioned scenarios, then RAN1 should support GNSS-challenged UEs to enhance the robustness of NTN. In those scenarios:
· GNSS-challenged UEs can utilize a common TA value to perform coarse timing and frequency pre-compensation for uplink synchronization.
· The gNB should account for larger timing uncertainties in the received PRACH; for example, it can provision a longer guard time.
Also, in the previous RAN1#103-e meeting, it was agreed that in NTN, the network may broadcast a common timing offset value (while the details of this common timing offset are FFS). This common timing offset value can be set to the common TA value.
The common TA value can be indicated based on the altitude of the satellite and the additional residual propagation delay due to the slanted beam between the satellite and the ground.
[bookmark: _Ref78447486]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.

The minimum common TA value can be calculated as , where  is the altitude of the satellite and  is the speed of light.
The common TA value can then be determined as:
		(2)
where  can be indicated to be 2 (or a larger value), given the Rel-17 NR NTN emphasis on transparent satellite payloads. Thus,  will account for the total propagation delay from the service link and the access link. In a future release, if evolved NTN considers regenerative satellite payloads, then  can be indicated to be 1 if the common TA value only includes the propagation delay from the service link.
[bookmark: _Ref78447511]Proposal 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.

When a UE can precisely estimate, and apply, a UE-specific TA for PRACH transmission, the residual TA value would be insignificant; it would fall within the TA value signaling range in the RAR. However, for GNSS-challenged UEs, the residual TA value may differ significantly from the indicated common TA value; if so, then it cannot be signaled to the UE using the TA value signaling range in the RAR:
· In 38.213, the maximum value of[image: ]is 3846, yielding [image: ]which is 1,476,864 for 15 kHz SCS.
· Multiplying NTA by the NR basic time unit, i.e., Tc = 0.509 ns, yields 0.751 ms as the maximum TA that can be indicated in the RAR; this corresponds to a maximum cell size of 225 km.
· The typical satellite beam footprint size is 100 – 1000 km for LEO and 200 – 3500 km for GEO, which may exceed the above-mentioned maximum cell size.
One solution is to extend the current TA value signaling range in the RAR for NTN. Another solution is to signal several common TA values; for example, one cell can be divided into three zones as shown in Figure 3. 
[image: ]
Figure 3. Multiple common TA values for multiple zones

For the central zone, the reference point for the common TA value is the center of the cell. For the surrounding zones 1 and 2, the reference points can be chosen as points A and B, respectively. Thus, a total of three common TA values can be utilized by the UEs; the common TA value that a particular UE utilizes can either be signaled by the satellite or derived by the UE if it knows its own location.
[bookmark: _Ref78447513]Proposal 6: Multiple reference points and common TA values should be considered for extremely large cells


Enhancements to TA maintenance phase
In the previous meetings, companies discussed the mechanics of the TA maintenance phase, including the possibility of supporting a combination of open and closed control loops to that end. The UE can utilize the TA variation rate when performing TA maintenance.
The TA variation rate and Doppler shift are proportional to each other; this is shown in Figure 5 for the basic UE-satellite configuration in Figure 4.
[image: ]
Figure 4. Basic UE-satellite configuration

[image: ]
Figure 5. TA variation rate and Doppler shift for basic UE-satellite configuration

The TA variation rate, , and the Doppler shift, , due to the motion of the satellite are given by
,
		(3)
where  is the speed of the satellite, i.e., ,  is the speed of light,  is the angle between the satellite velocity and the LOS from the satellite to the UE, and  is the carrier frequency. The UE can then use (3) to determine either 1) the Doppler shift if the TA variation rate is indicated or 2) the TA variation rate if the Doppler shift is indicated. The UE can also determine both the TA variation rate and the Doppler value based on the satellite ephemeris indication if the BS also indicates either  or .
Thus, the TA variation rate and the Doppler shift can be jointly signaled to the UE by indicating one of the following:
· TA variation rate 
· Doppler shift 
·  or 
· Frequency offset value to be compensated

[bookmark: _Ref78447490]Observation 2: The gNB jointly indicates the TA variation rate and the Doppler shift.
[bookmark: _Ref78447493]Observation 3: Based on the indicated TA variation rate r_TA (and the current TA), the UE can autonomously adjust its TA.
[bookmark: _Ref78447495]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.

The gNB can also use a UE-specific DCI format to indicate the TA variation or the Doppler. The following options can be considered:
· A DCI format associated with the UE-specific search space can be re-used, where the interpretation of the DCI format can be to indicate the TA variation or the Doppler if all remaining fields/bits not used for the indication have predetermined values. For instance, DCI format 0_0 or 1_0 can be reused. 
· A new DCI format can be introduced for UE-specific indication, where the CRC is scrambled by the C-RNTI. The size of the new DCI format (which differs from the size of DCI formats scheduling PDSCH/PUSCH) can be L1 bits. L2 out of L1 bits can be used to indicate the TA variation or the Doppler, and the remaining (L1-L2) bits can be reserved (e.g. set to ‘0’). To fulfill the budget for a maximum of three DCI formats with C-RNTI having different sizes, it is assumed that the DCI formats scheduling PDSCH/PUSCH have two sizes (and size-matching is performed when necessary). Admittedly, this approach will limit possible schedulable DCI formats to UE.
A group-common (GC) DCI format with a corresponding RNTI (TDI-RNTI) can also be used to indicate the TA variation and/or Doppler to a set of UEs located in a certain area in the cell that are experiencing a similar TA variation rate and/or Doppler shift. 
The gNB can also use the TAC MAC CE in a scheduled PDSCH reception to indicate the TA variation or Doppler. For example, the gNB can extend the size of the TAC MAC CE to indicate the TA variation or Doppler; this is shown in Figure 6.
[image: ]
Figure 6. Extension of TAC MAC CE for indication of TA variation and/or Doppler.

The PDSCH carrying the TAC MAC CE can be scheduled by either a UE-specific DCI or a group-common DCI with a TDI-RNTI.
[bookmark: _Ref78447516]Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.
[bookmark: _Ref78447518]Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.


UL frequency synchronization
[image: ]
Figure 7. The gNB indicates the additional UL frequency offset value.
[bookmark: _GoBack]
In Figure 7, DL center frequencies at DL at gNB, satellite, and UE are shown. The UE can calculate frequency offset ∆f_2 that occurs in service link based on the position information of the satellite. The frequency offset ∆f_1 that occurs in feeder link can be pre-compensated by the gNB for DL. The other approach could be for the gNB to indicate ∆f_1 to UEs. Since a UE in Rel-17 enables to calculate ∆f_2 based on the GNSS information, the gNB may not need to indicate the additional offset for the UE. The UE pre-compensates the frequency offset ∆f_2 before it performs PRACH transmission based on SIB and GNSS information. After RRC connection, the UE can still continue to pre-compensate ∆f_2 before uplink transmission. However, similar to TA adjustment, the additional indication of frequency offset ∆f_2 could be used for fine tuning for UL frequency synchronization
[bookmark: _Ref78447520]Proposal 9: The gNB indicates the additional UL frequency offset value.


Conclusions 
In this contribution, we discussed several enhancements on UL time and frequency synchronization for NTN.  Our proposals and observations are summarized as follows.
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: The following options are considered for  and .
· Option 1
· : its update is supported by group common signalling.
· : Defined as the same as Rel-15/16
· Option 2
· : broadcasted by SIB.
· : Defined as the same as Rel-15/16
· Option 3
· : broadcasted by SIB with drift rate information.
· : Defined as the same as Rel-15/16. 

Proposal 2: RAN1 discusses the granularity after concluding the signaling and update of  and .
Proposal 3: A mechanism to align between the gNB and the UE is adopted, e.g., a UE reports  when it updates or the gNB triggers the UE to update  with a granularity of .
Proposal 4: 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 5: A gNB signals residual common TA value to UEs such that UEs can derive common TA by adding to minimum common TA value, which can be obtained by UE from the satellite ephemeris (or altitude) information.
Proposal 6: Multiple reference points and common TA values should be considered for extremely large cells
Proposal 7: The gNB signals common TA drift rate to enable autonomous TA update at UE.
Proposal 8: The gNB can jointly signal common TA drift rate and Doppler shift such as the UE derives Doppler shift from common TA drift rate signaled by gNB or vice versa.
Proposal 9: The gNB indicates the additional UL frequency offset value.
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