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1. Introduction
In the RAN1 #102-e meeting [1], the following agreements were made for UL time and frequency synchronization in NTN.
	Agreement:
· In Rel-17 NR NTN, at least support UE which can derive based on its GNSS implementation one or more of:
· its position 
· 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:
· 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 
· 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:
· 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)



In this contribution, we discuss on the enhancement on UL time and frequency synchronization in NTN.

2. Discussion  
Enhancement on UL time synchronization
2.1.1. Autonomous TA acquisition at UE side
Before technical discussion, it is necessary to define some terminologies to remove the ambiguity. In this sub-section (i.e., section 2.1.1), following terminologies are defined as below:
· Reference point: Defined as the point w.r.t. which the TA is computed at UE side
· Common TA: Reference point to satellite RTD (Round-trip delay)
· UE specific TA: Satellite to UE RTD
· Total TA: Common TA + UE specific TA

· Regarding possible Options in previous agreement
In the RAN1 #102-e meeting, as shown in Section 1, two possible options for acquiring UE specific TA were discussed in case when the UE specific TA can be estimated by GNSS-equipped UE. 
The first option is the approach acquiring the UE specific TA based on the ephemeris of the satellite and the position of the UE. In this option, the ephemeris of satellite is provided by gNB, and the position of the UE can be acquired by GNSS. Meanwhile, the UE cannot acquire the total TA, since the UE cannot know the RTD of reference point to satellite.
Therefore, if option 1 is supported, it is necessary to support a common TA indication to the UEs. For example, gNB can provide the common TA to the UEs in cell-specific or beam-specific manners. Alternatively, instead of providing the common TA, it can also be considered that the position of reference point is provided by gNB in order to estimate the common TA (and/or total TA) at UE side.

Observation 1. If Option 1 is supported, the common TA should be provided to UEs in order to acquire the total TA.

Using option 2, the UE can estimate the UE-specific TA based on the time difference between the reference time provided by gNB and the reference time acquired by the GNSS. If the reference time provided by gNB is associated to reference point, the common TA will be zero thus it does not need to be provided by gNB. As a result, the above UE specific TA can be considered as the total TA.
The advantages of Option 2 are that the UE does not have to acquire the information of own position and the ephemeris of satellite. Moreover, if option 2 is supported, the multiple reference times corresponding to multi-cells can be provided to UEs for the multi-cell handover purpose by using common parameter (e.g., time stamp). On the other hand, since the reference time provided by gNB and the reference time provided by GNSS may be received via different RF circuits, the TA estimation complexity can be increased.

Observation 2. Regarding Option 2, the UE does not have to acquire the information of its own position and the ephemeris of satellite, but the TA estimation complexity can be increased.

For the aforementioned two options, the transmission period of information provided by gNB (e.g., common TA, reference time, etc.) can be an important factor for obtaining accurate total TA at the UE side. Therefore, further discussion should be needed on which signals/channels to transmit additional information provided by gNB. In conclusion, both options can work properly for autonomous TA acquisition, but it is preferred that the one option should be down selected in order to reduce the UE implementation complexity in Rel-17 NTN.

Observation 3. Both Option 1 and Option 2 can work properly for autonomous TA acquisition, but it is preferred that the one option should be down selected in order to reduce the UE implementation complexity in Rel-17 NTN.

Proposal 1. Further discussion should be needed on which signals/channels to transmit additional information (e.g., Common TA, reference time, etc.) provided by gNB.

· Regarding TA offset for the TA estimation uncertainty
When the UE estimates the UE specific TA by autonomous manner, an inter-symbol-interference (ISI) may affect to the OFDM symbol of previous slot (or to the PRACH preamble of the previous RO) if the estimation error occurs (e.g., over estimation). Therefore, in order to reduce the effect of this interference, the TA offset can be considered. For example, the size of TA offset can be half of CP length of PRACH format.
Depending on the estimation error size, the approach to fix the TA offset in standard may not fully cover some error cases. In addition, it may not be desirable to fix the TA offset in standard in terms of forward compatibility. Therefore, it is beneficial to consider the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). For example, gNB can provide the TA offset via SIB within pre-defined set of TA offset. 
Furthermore, it can be also considered that the TA offset can be independently corresponding to different ROs (or RO groups). It has the advantage of providing an opportunity to select the RO with appropriate TA offset depending on the UE’s environment (e.g., indoor, underground, etc.).

Proposal 2. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling). 
· The TA offset can be independently corresponding to different ROs (or RO groups)

· Regarding TA report for the UL/DL timing relationship
When the UE estimates the TA by autonomous manner, gNB does not know the TA value estimated by the UE. This may cause some problems in case when gNB tries to provide the UL/DL scheduling parameters to the UE. Regarding this issue, it was discussed that the TA estimated by UE can be reported to gNB in previous meeting, but this approaches can increase the signaling overhead at UE side.
To alleviate above overhead issue, it can be considered that the different TA (or the range of TA) can be mapped to different ROs (or RO groups). Subsequently, the UE can select the RO if the TA (or the range of TA) mapped to the RO including the TA estimated by the UE. Then, the UE can transmit a PRACH preamble in the selected RO. After that, gNB can identify the TA estimated by UE based on the TA (or the range of TA) of the RO where the PRACH preamble was transmitted.

Proposal 3. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped to different ROs (or RO groups)

2.1.2. TA adjustment based on network indication
In this sub-section (i.e., Section 2.1.2), the following terminologies are defined as below (which are defined as TR38.821 for NTN SI [2]):
· Reference point: Located at specific place in cell coverage
· Common TA: Reference point to {service link + feeder link} RTD (Round-trip delay)
· UE specific TA: Time difference between satellite to reference point RTD and satellite to UE RTD
· Total TA: Common TA + UE specific TA

· Scenarios requiring the TA from gNB
In general, GNSS-equipped UE can obtain its own location and reference time through GNSS. However, if GNSS-equipped UE is in a particular situations (e.g., indoor, underground, etc.), it may be hard to obtain the accurate location and reference time because the accuracy of the GNSS may be degraded. Therefore, it is desirable to support the TA indication from gNB as an alternative way to acquiring accurate TA.
Meanwhile, it was agreed that the K_offset is provided by system information in previous meeting. When the K_offset is provided via system information, gNB can calculate and provide the K_offset based on the reference point. Therefore, it can be considered that the common TA is calculated based on K_offset in case when the UE cannot estimate the accurate TA.

Proposal 4. It is desirable to support the TA indication from gNB, because the accuracy of the GNSS can be degraded in specific scenario such as indoor, underground, etc.

Proposal 5. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.

· TA command field in RAR
Since gNB provides the common TA (i.e., service link + feeder link) based on the reference point and the UE specific differential TA in RAR, the UEs can acquire the full TA based on the above information. Here, some companies suggested that the negative value is necessary for TA command in RAR, but if gNB provides the common TA appropriately, it seems that there is no problem with using only positive value for TA command in RAR. 
Moreover, it is reasonable to enhance the step size of TA command in RAR because the cell coverage is larger than terrestrial networks (TN). However, if step size of TA command in RAR is too large, gNB may not be able to provide the accurate TA to UE. Therefore, it is necessary to determine the appropriate TA step size, and as an alternatives, the multiple reference points can be considered. 

Proposal 6. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR
· Support multiple reference points

2.1.3. Details on additional information signaled from gNB
In cases when the additional information (e.g., common TA, time stamp, etc.) is provided by gNB, it is necessary to be discussed which DL signals and/or channels will provide the. First of all, in case when the UE is in RRC idle mode and/or RRC inactive mode, it is reasonable to provide the information via semi-static signaling (e.g., SIB). 
However, in case when the UE is in RRC connected mode, it can be considered that the information is provided by dynamic signaling (e.g., GC PDCCH). Alternatively, it can also be considered that the initial information is provided by semi-static signaling (e.g., SIB) and after that, the updated information is provided by dynamic signaling (e.g., GC PDCCH).

Proposal 7. 
· At least for the case when the UE is in RRC idle mode and/or RRC inactive mode, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC connected mode, it can be considered that the information is provided by dynamic signaling.

Enhancement on UL frequency synchronization
According to the FL summaries of Rel-16 NTN Study Item phase, there is no critical issue with respect to the tracking performance including the impact of frequency shift. However, due to the lack of the simulation results regarding to UL frequency synchronization, some companies expect to be shared more views of other companies in WI phase. Therefore, if there is critical issues on UL frequency synchronization, some technical discussions may be needed in Rel-17 NTN Work Item phase. 

3. Conclusion
In this contribution, we discussed on the enhancement on UL time and frequency synchronization in NTN. Based on the above discussion, we have following observations and proposals:

Observation 1. If Option 1 is supported, the common TA should be provided to UEs in order to acquire the total TA.

Observation 2. Regarding Option 2, the UE does not have to acquire the information of its own position and the ephemeris of satellite, but the TA estimation complexity can be increased.

Observation 3. Both Option 1 and Option 2 can work properly for autonomous TA acquisition, but it is preferred that the one option should be down selected in order to reduce the UE implementation complexity in Rel-17 NTN.

Proposal 1. Further discussion should be needed on which signals/channels to transmit additional information (e.g., Common TA, reference time, etc.) provided by gNB.

Proposal 2. Within pre-defined set of TA offsets, the TA offset can be provided by gNB via higher layer signing (e.g., SIB or dedicated RRC signaling).
· The TA offset can be independently corresponding to different ROs (or RO groups)

Proposal 3. Support implicit reporting of TA estimated by the UE.
· The different TA (or the range of TA) can be mapped for different ROs (or RO groups)

Proposal 4. It is desirable to support the TA indication from gNB, because the accuracy of the GNSS may be reduced in specific scenario such as indoor, underground, etc.

Proposal 5. It can be considered that the common TA is calculated based on K_offset in case when the UE cannot acquire the accurate TA.

Proposal 6. Regarding TA command in RAR, support enhancement approaches to cover large cell coverage.
· Increase the step size of TA command field in RAR
· Support multiple reference points

Proposal 7. 
· [bookmark: _GoBack]At least for the case when the UE is in RRC idle mode and/or RRC inactive mode, it is reasonable to provide the additional information via semi-static signaling.
· In case when the UE is in RRC connected mode, it can be considered that the information is provided by dynamic signaling.
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