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Introduction

The following agreements pertaining to enhancements on UL time and frequency synchronization for non-terrestrial networks (NTN) were reached in RAN1#103-e:

	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.



Several open issues remain, including:
· For TA update in RRC_CONNECTED state, combination of both open ( i.e. UE autonomous TA estimation based on UE position and satellite ephemeris, and common TA estimation and common timing drift rate) and closed control loops (i.e., received TA commands) shall be supported for NTN.
· RAN1 to provide more details about open-loop and closed-loop control.
[bookmark: _GoBack]This contribution considers enhancements on UL time and frequency synchronization for NTN based on the above agreements and open issues. This is a revision of R1-2008165.

Enhancements on UL time and frequency synchronization

1 
2 
2.1 
2.2 
Serving satellite ephemeris indication

The serving satellite ephemeris indication can include the satellite position and velocity at a reference time.  The altitude of the satellite can be succinctly conveyed by pre-defining a table as shown in Table 1:

	Satellite
	Altitude level  (km)
	Altitude scalar 

	type
	Index 
	
	

	LEO
300-1500 km
	0
	300
	s0

	
	1
	400
	s1

	
	2
	500
	s2

	
	…
	…
	…

	
	10
	1300
	s10

	
	11
	1400
	s11

	MEO
7000-25000 km
	12
	7000
	s12

	
	13
	8000
	s13

	
	14
	9000
	s14

	
	…
	…
	…

	
	28
	23000
	s28

	
	29
	24000
	s29

	GEO
	30
	35786
	s30


[bookmark: _Ref53761275]Table 1: A predefined table for satellite altitude levels

The gNB indicates the altitude offset  and the satellite index , where , and  is a predefined integer (e.g. 30 in Table 1).  The altitude of the satellite  can be determined as: 
		(1)
Here,  is the altitude level and  is the altitude scalar.

The gNB can indicate the satellite ephemeris in system information, e.g. MIB, SIB1, other SIBs and/or a new SIB. The ephemeris information can include the following fields:
· satellite index 
· altitude offset 
· satellite position, e.g. (X, Y, Z) in earth-centered earth-fixed (ECEF) coordinates
· satellite velocity, e.g. (VX, VY, VZ) in ECEF coordinates
· reference time for satellite position and velocity, e.g. system frame number and/or slot index

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

Reporting of UE estimated TA

If a UE applies a UE-specific TA in transmitting the PRACH, rather than simply applying a common TA indicated by the network, the gNB cannot know the full TA value applied at the UE based on the estimated preamble reception timing. On the other hand, in the previous RAN1#103-e meeting, most companies agreed that the updating of K_offset after initial access, i.e., a UE-specific K_offset, should be configurable by the gNB. In our companion contribution [2], the necessity of a UE-specific K_offset is discussed for the case of large cell sizes. To update a UE-specific K_offset, the network should know the full TA value applied at the UE. Therefore, we make the following proposal.

Proposal 2: UE’s estimated TA value is reported to gNB, if K_offset is updated UE-specifically.

Common TA indication

In the previous RAN1#103-e meeting, companies discussed the possibility of supporting scenarios where GNSS-equipped UEs cannot perform timing and frequency pre-compensation for uplink synchronization [1]. That discussion resulted in the following FL recommendation:
· FL recommendation: Further study on the scenario where limited GNSS performance is experienced can be considered once the normative works to support scenario with acceptable GNSS performance is done.

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.

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.

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.

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 1.
Zone 2
Central Zone
Zone 1
A
B

[bookmark: _Ref54258467]Figure 1: Multiple common TA values for multiple zones.
[bookmark: _Ref53565239]
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.

Proposal 4: Multiple reference points and common TA values should be considered for extremely large cells.

Enhancements to TA maintenance phase

In the previous RAN1#103-e meeting, 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 3 for the basic UE-satellite configuration in Figure 2.

[image: ]
[bookmark: _Ref54258787]Figure 2: Basic UE-satellite configuration.

[image: ]
[bookmark: _Ref54258775]Figure 3: 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

Observation 2: The gNB jointly indicates the TA variation rate and the Doppler shift.

Observation 3: Based on the indicated TA variation rate  (and the current TA), the UE can autonomously adjust its TA.

Observation 4: Based on the indicated Doppler shift  (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 4.

[image: ]
[bookmark: _Ref54258929]Figure 4: 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. 

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.

Conclusions

In this contribution, we discussed several enhancements on UL time and frequency synchronization for NTN.  Our proposals are summarized as follows.

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

Proposal 2: UE’s estimated TA value is reported to gNB, if K_offset is updated UE-specifically.

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.

In addition, the following observations are made.

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  (and the current TA), the UE can autonomously adjust its TA.

Observation 4: Based on the indicated Doppler shift  (and the compensated frequency offset), the UE can determine the residual Doppler shift and pre-compensate its UL transmission.
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