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1. Introduction
The NTN WI is presented in [1], where the following RAN4 objectives are defined:
	4.1.4	RAN4
Study the framework how NTN core requirements are defined.
Specify the following requirements [RAN4] (Note 1)
· UE RRM core requirements 
· Study and identify which bands may be potentially relevant to NTN including: 
· Analysis of regulations in the spectrum considered
· Adjacent channel co-existence 
· Considering the potential bands to be used as example for the WID:
· Specify needed generic RF core requirements for the network and the UE such that adjacent channel co-existence scenarios are met and performance of other RF parameters (RX performance, TX signal quality etc.) are subject to acceptable minimum requirements 

· Investigate and specify UE timing & frequency pre compensation accuracy requirements as needed [RAN4].

Note 1: It is assumed that this work item will be frequency agnostic and therefore we can consider that NTN can operate in FR1 or FR2 ranges. Defining NR bands for NTN should be included as part of dedicated Rel-17 RAN4 led work items including an analysis of regulations in spectrum considered, which bands 3GPP should specify, as well as potential co-existence between NR terrestrial and satellite 



Furthermore the following agreements are noted in [2]:
· For NTN networks, RAN4 is to study how to define the timing requirements:
· Option 1: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA is counted into the UE transmit timing error.
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· Option 2: Define the requirements on UE transmit timing error limit and timing advance adjustment accuracy, provided that:
· UE self-estimating error of NTA will be counted into the timing advance adjustment accracy.
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Option 3: Define the requirements on UE transmit timing error limit, UE self-estimating accuracy of NTA and timing advance adjustment accuracy, provided that:
· UE transmit timing error is derived from the UE capability of estimating downlink timing
· Timing advance adjustment accuracy is derived from the sampling interval with minimum UL bandwidth.
· UE self-estimating accuracy is derived from the accuracy of UE GNSS-acquired position and the serving satellite position 
· Other option is not precluded


In RAN1#103-e [3] the need for having a Time Reference Point was discussed, as the point in the system where the timing alignment of uplink and downlink frames is ensured. The location of the Time Reference Point directly influences the common TA value, which is aligned with the common part of propagation delay shared by all UEs within the cell coverage. The main options for Time Reference Point localization are:
1. Time Reference Point at the satellite.
1. Time Reference Point at the gNB.
1. Time Reference Point location under the control of the network (general option to allow for supporting both of the above options 1 and 2).

During RAN1 #104-e meeting, it was further discussed that from UE perspective both locations of Reference Point, i.e. satellite and gNB, should be acceptable as they clearly indicate the expected UE behaviour. Therefore, the concept of reference point for time synchronization at the satellite or at the gNB has been left to the network. The common TA implicitly defines where the reference point is and signals this to the UE. The choice of exact location/definition of the reference point is however left up to the network.
In this contribution we present our considerations on the reference point discussion and impacts to RAN4 discussion on timing requirements.
2. Reference points
Time reference point at the satellite
From a gNB point of view, shifting the Time Reference Point to a remote location such as the satellite would have a significant impact, as the gNB would need to adjust its transmission time w.r.t. an external and highly dynamic point such as the satellite. Moreover, the gNB would need to adapt its timing to the current satellite location and potentially follow and switch between multiple timings when the serving satellite changes or multiple satellites are used to relay the signal to the UE. Therefore, dedicated signaling and measurements between the gNB and the satellite would be needed so that the gNB can keep track of the time-varying feeder link delay. RAN4 timing requirements would need to be defined for the gNB towards the satellite and for the UE towards the satellite.

Observation 1: Having the time reference point at the satellite means RAN4 has to define timing requirement for both gNB and UE towards the satellite.
More concretely, when the time reference point is at the satellite, i.e. UL-DL signals are aligned at the satellite, there will be a time offset between UL-DL at both the gNB and the UE location, as depicted in Figure 1. Concretely, 

· At the gNB the UL is delayed in comparison to the DL by 2 times the feeder link delay.
· At the UE the UL is advanced in comparison to the DL by 2 times the service link delay.

In other words, the DL-UL timing offset at the gNB varies 2 times as fast as the feeder link delay. This means that the gNB has to constant adjust its timing for the UL-DL pairing to work fittingly. This poses a new set of problems for specifications, such as the mechanisms used for the gNB to update its timing offset, the update rate allowed. It also introduces new requirements for timing accuracy to be fullfiled by the gNB in relation to the variation of the feeder link delay. 

[image: ]
Figure 1 DL-UL subframe timing at UE, gNB and satellite in case time reference point is at the satellite.
More details on the complexity of this can be found in [4].

Time reference point at the gNB
If the time reference point is at the Figure 22￼, the modifications to the current standard are minimized and the impact on both UE and gNB behaviour is minimized. All the timing requirements can be derived starting from  the values of terrestrial networks or the values can be adjusted, but no new mechanisms need to be included from a RAN4 point of view.
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[bookmark: _Ref61870943][bookmark: _Ref61870933]Figure 2 Subframe timing at UE, gNB and satellite when the time reference point is at the gNB.

First, from a UE point of view, a UE timing advance is already available in current standards and the UE will not need to change its overall behaviour in this case if receiving a common TA indication from the gNB.
From a gNB point of view, the gNB will need to consider the time varying delays on the feeder link. Having, however, the time reference point at the gNB requires clearly less specification changes and is -from an implementation point- much closer to the existing gNB implementations. Aligning UL and DL signals at the gNB will allow the gNB to transmit in DL at given times, and receive UL transmissions from multiple UEs, which will be time-aligned with each other as using the required TA, as well as aligned with the DL frame timing. Moreover, both transparent and regenerative payload can be herewith enabled with a unified design. 
Observation 2: Implementation of time reference point at the gNB requires less RAN4 specification work, and is less complex in terms of gNB implementation.
Proposal 1: RAN4 to specify at least requirements for the gNB as time reference point.

3. Conclusion
This contribution has the following observations and proposals:
Observation 1: Having the time reference point at the satellite means RAN4 has to define timing requirement for both gNB and UE towards the satellite.
Observation 2: Implementation of time reference point at the gNB requires less RAN4 specification work, and is less complex in terms of gNB implementation.
Proposal 1: RAN4 to specify at least requirements for the gNB as time reference point.
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