3GPP TSG RAN WG1 #104b-e			R1-2103108
e-Meeting, April 12th – 20th, 2021

Agenda Item:	8.4.2
Source:	Apple
Title:	On Uplink Time and Frequency Synchronization for NTN
Document for:	Discussion/Decision
Introduction
One of the RAN1-lead objectives in the NTN WID [1] is uplink time and frequency synchronization enhancements for NTN. A list of topics related to uplink time and frequency synchronization enhancements was discussed [2]. The following agreements have been made in RAN1 #104-e meeting [3].

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.

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

In this contribution, we provide our views on the topics of initial TA acquisition, TA margin, TA command in RAR, TA maintenance, uplink frequency synchronization and satellite ephemeris format. 
Discussion
Initial TA acquisition
It was agreed [3] that a common timing offset value may be broadcasted by the network in NTN and the TA used for Msg1/MsgA transmission is given by
,
where  is derived from the user specific TA self-estimation and  is derived at least from the common timing offset value if broadcasted by the network.

The initial TA acquisition was further discussed in RAN1 #104-e meeting [2]. In the discussions, a proposal was made to modify the formula agreed in RAN1 #103-e meeting. Specifically, the proposed formula is 
,    (1)

where  and  are defined as in terrestrial network,  is UE self-estimated TA,  is network-controlled common TA, which is equal to the common timing offset as agreed in RAN1 #103-e meeting. 

This proposal was not agreed as companies do not converge on some details. Based on the agreement in RAN1 #103-e meeting, the common timing offset (or, the common TA) may or may not be broadcasted by network. If this common TA is not broadcasted by the network, then the value of  used in equation (1) is unclear. Here, we prefer that the value of  is set to 0, in case the common TA is not broadcasted. This is a straightforward assumption and captures the scenario of satellite being the timing reference point. This zero-valued  is also forward compatible with the regenerative payload-based scenarios. 

Proposal 1: The TA used for Msg1/MsgA transmission is given by 
,
where 
· ,  and  are defined as in Release-16
·  is UE self-estimated TA
·  is network-controlled common TA if indicated by network, or is 0 if not indicated by network.

One open issue is the signaling and the granularity of . The granularity of  could be in unit of . However, to save the signaling overhead, we prefer the same granularity level as TA command for the broadcast common TA. Specifically, the value indicated in the common TA signaling is in unit of . The maximum value of common TA could be limited by the maximum RTT between satellite and gNB. Consider the GEO scenario, where the maximum RTT between satellite and gNB is 270.73 ms. Then, the maximum value of common TA is given , which is about  for . On the other hand, the minimum value of common TA is given by 0. Overall, a total of 22 bits is required to represent the common TA value.

Proposal 2: The broadcast common timing offset is in the unit of .

One open issue is whether common TA drift rate is broadcasted from the network. This common TA drift rate is used to determine the common TA used both in initial access and after initial access. 

The actual common TA value may drift a large amount if the time gap between two common TA broadcast is large. Consider an example of common TA drift rate of 40  and the time gap between two common TA broadcast is 160 ms. Then the actual common TA is shifted 6.4 , which is larger than CP length even for SCS=15 kHz. In this case, we think the common TA drift rate should be broadcasted so that UE could autonomously adjust its TA during the period of two neighbor common TA reception. 

On the other hand, if the common TA is not indicated by network, then there is no need to indicate the common TA drift rate.

Proposal 3: Consider common TA drift rate is broadcasted together with common TA. If common TA is not indicated, then the common TA drift rate is also not indicated. 

With the reception of common TA drift rate, UE is able to calculate the common TA used for uplink transmissions. The common TA used for UE’s uplink transmission (either in or after initial access) is obtained by the latest received common TA, the latest received common TA drift rate, as well as the time gap between the latest common TA reception and the corresponding uplink transmission. Since  is in the unit of in equation (1), the time gap in the calculation can also be in the unit of . Specifically, we have 
,      (2)
where is the latest received common TA, is the latest received common TA drift rate and  is the time gap between the latest common TA reception and the corresponding uplink transmission, in the unit of .

Proposal 4: The network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate and  is the time gap between the latest common TA reception and the corresponding uplink transmission, in the unit of .

TA margin
When UE estimates the UE specific TA, an estimation error may exist, e.g., due to the inaccuracy of UE’s GNSS location or changed satellite position. This estimation error may lead to the PRACH signal received at the reference point earlier than the scheduled PRACH occasion, resulting in interference. Whether and how the TA margin is used to address this issue has been discussed in RAN1 #104-e meeting. 

It was agreed [3] that RAN1 asks RAN4 to indicate the NTN UL time synchronization requirement for initial access. On the other hand, RAN4 is defining the requirements for UE specific TA estimation accuracy, where several options were listed on how to capture the UE specific TA estimation accuracy (e.g., counted into UE transmit timing error requirement, counted into the TA adjustment accuracy requirement, or defined as a separate accuracy requirement). With the specifications in RAN4, it is likely that no specification efforts in RAN1 are needed. Therefore, we have the following proposal.

Proposal 5: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 

TA command in RAR
In NR initial access, the RAR message from gNB contains a 12-bit field of timing advance (TA) command. This field indicates the index value  used to control the amount of timing adjustment. For the subsequent uplink transmissions, a timing advance value is calculated as , where  is the SCS of the first uplink transmission. It can be seen that this timing advance value is upper bounded by 2 ms at .

It was agreed [4] that the requirement on uplink 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.
In NTN, if a UE is able to acquire accurate service link RTT, based on its GNSS acquired position together with the serving satellite ephemeris indicated by the network, then it applies this service link RTT for Msg1/MsgA transmission. If the estimated UE specific TA has good enough accuracy, then the range of TAC value in RAR does not need to be extended. Furthermore, if the TA margin is actually included in the TA used for Msg1/MsgA transmission, we could avoid the negative value of TAC in RAR. In this case, the TA command range in NR terrestrial network does not need to be extended.

Proposal 6: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE pre-compensates an accurate UE specific TA and TA margin in its Msg1/MsgA transmission. 

TA maintenance
In the scenario of moving satellite, up to 40 s/s timing drift rate is reached. The TA command MAC CE can only correct up to 16.7 s in one shot. Considering the transmission delay of MAC CE, the TA update rate resulting from TA command MAC CE is not fast enough to reach the timing drift rate. Furthermore, the signaling overhead of frequent TA command MAC CE is large. 

It was agreed [3] that the combination of both open and closed control loops is supported for TA maintenance in RRC connected state. The TA closed loop refers that UE updates its TA based on TA command in MAC CE. The TA open loop refers that UE autonomously estimates/pre-compensates TA on the service link, as well as UE potentially autonomously calculates/pre-compensates the TA on the feeder link based on the indicated common TA drift rate. As shown in equation (1), the TA calculation formula is updated 
· if  is updated based on TA command MAC CE in the legacy way
· if  is updated using equation (2), based on the newly received common TA and common TA drift rate
· if GNSS position is updated or satellite ephemeris is updated.
 
Proposal 7: In RRC connected mode, UE updates its TA value using 
,
where
·  is based on the updated TA command MAC CE
·  is based on the updated GNSS positioning signal or satellite ephemeris
·  is based on the updated common TAand common TA drift rate . 

Uplink frequency synchronization
The frequency offset pre-compensation on downlink transmissions was discussed in RAN1 #104-e meeting [2]. In order to reduce UE complexity by minimizing its initial SSB searching efforts, it is preferred that gNB pre-compensates the frequency offset of SSB as well as other downlink signals. 

The gNB pre-compensated frequency offset is for the service link Doppler shift with respect to a reference point in a cell coverage (e.g., cell center). This frequency offset should be broadcasted by gNB to facilitate UE’s calculation of nominal downlink frequency. This nominal downlink frequency is used to determine UE’s nominal uplink frequency based on a duplex frequency distance. The UE’s calculation of nominal downlink frequency depends on received downlink signal frequency (), network indicated frequency offset which is pre-compensated in downlink transmissions (), and UE’s estimated UE specific service link Doppler shift () based on UE’s GNSS position and satellite ephemeris. Specifically, the downlink nominal frequency is equal to .

Proposal 9: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.

It was agreed [4] that a UE is capable of calculating the frequency pre-compensation to count for the Doppler shift on the service link. Besides the Doppler shift on the service link, there are some discussions on whether UE also pre-compensates additional frequency offset indicated by the network. This frequency offset may be the Doppler shift on the feeder link. If UE pre-compensates the Doppler shift on the feeder link, gNB does not need to post-compensate the uplink transmission, which simplifies gNB implementation. However, the necessity of indicating this uplink transmission frequency offset is unclear.  

Proposal 10: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.

Satellite ephemeris format
It was agreed [3] that at least one of two options of satellite ephemeris formats is supported. The first format is state vectors, and the second format is orbital elements. The state vectors are based on ECEF position vectors (x, y, z) and ECEF velocity vectors (). The orbital elements are based on semi-major axis (), eccentricity (), argument of periapsis (), inclination (), longitude of ascending node () and mean anomaly (). 

The computational complexity of state vectors is a little simpler than that of orbital elements. The payload size of state vectors ranges from 128 bits to 144 bits, depending on the resolution. The payload size of orbital elements ranges from 140 bits to 192 bits, depending on the resolution. Overall, the payload size of orbital elements is a little larger than state vectors. However, two neighbor satellites may share the same orbit and hence, the signaling overhead of indicating neighbor satellite is very smaller in orbital elements. 

On the other hand, the updating period of orbital elements is generally longer than state vectors. This avoids UE frequent reception of satellite ephemeris, reducing UE’s implementation complexity and saving UE’s reception power.

Lastly, the ephemeris format based on orbital elements is not applicable to HAPS and ATG, since HAPS does not follow Keplerian orbit, and the base station is fixed in ATG scenario.

Considering the advantages and disadvantages of state vectors and orbital elements, we prefer to support both satellite ephemeris formats. Depending on deployment scenarios, a proper satellite ephemeris format is selected and broadcasted. 

Proposal 11: Support both ephemeris formats, i.e., state vectors and orbital elements.

Conclusion
In this contribution, we provided our views on time and frequency synchronization for NTN. Our proposals are as follows: 

Proposal 1: The TA used for Msg1/MsgA transmission is given by 
,
where 
· ,  and  are defined as in Release-16
·  is UE self-estimated TA
·  is network-controlled common TA if indicated by network, or is 0 if not indicated by network.

Proposal 2: The broadcast common timing offset is in the unit of .

Proposal 3: Consider common TA drift rate is broadcasted together with common TA. If common TA is not indicated, then the common TA drift rate is also not indicated. 

Proposal 4: The network-controlled common TA  is obtained by
,
where is the latest received common TA, is the latest received common TA drift rate and  is the time gap between the latest common TA reception and the corresponding uplink transmission, in the unit of .

Proposal 5: RAN1 to determine the necessity of specifying TA margin, depending on RAN4’s conclusion. 

Proposal 6: The requirement that the existing TAC 12-bit field in Msg2/MsgB is reused is that a UE pre-compensates an accurate UE specific TA and TA margin in its Msg1/MsgA transmission. 

Proposal 7: In RRC connected mode, UE updates its TA value using 
,
where 
·  is based on the updated TA command MAC CE
·  is based on the updated GNSS positioning signal or satellite ephemeris
·  is based on the updated common TAand common TA drift rate .

Proposal 9: In downlink transmissions, support gNB pre-compensates and indicates a frequency offset for the service link Doppler shift with respect to a reference point.

Proposal 10: UE only pre-compensates its estimated Doppler shift on the service link in its uplink transmissions, and additional network indication of frequency offset to be pre-compensated by UE is not supported.

Proposal 11: Support both ephemeris formats, i.e., state vectors and orbital elements.
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