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1 Introduction

Following the discussion on accurate time distribution at the RAN2#105-bis meeting, the topic of propagation delay compensation remains unresolved.

· R2 assumes that some propagation delay compensation may be needed for distance > 200m. 

· FFS what would be the method, e.g. based on current TA, and whether this can be left for UE implementation or something need to be specified. 

In this contribution we discuss why the gNB is in a better position to perform propagation delay compensation. 
2 Discussion
The propagation delay of transmissions from different UEs in a cell can vary as a function of their distance from the base station. OFDM-based 3GPP systems such as LTE and NR are sensitive to time misalignments between transmissions of different UEs due to propagation delays. To maintain orthogonality between different UEs, transmissions need to align within a cyclic prefix (CP) duration at the receiver. In order to do so, the UL transmission time of a UE is corrected with the use of timing advance (TA) that compensates for the UE’s propagation delay. Drifts in the transmission time of a UE is corrected by the gNB which issues a new TA command to advance or retard the UE’s transmission time relative to its current uplink transmission time.

Observation 1: 
The gNB knows the timing advance of every UE and is therefore aware of their propagation delays.
Observation 2: 
Propagation delay compensation has been the preserve of the base station.

As the UE is not aware of the gNB’s location, any form of propagation delay compensation done by the UE would be derived solely from the TA information provided by the gNB. TA granularity in LTE is in units of 16Ts (520.8ns), and scales with numerology in NR as 16Ts / 2μ. Therefore, UE-based propagation delay compensation can only be as accurate as the TA granularity, which is over 0.5us for 15 kHz SCS. Increasing the granularity of the TA will require significant RAN1 work.
Observation 3: 
The granularity of the time base used for timing advance can be over 0.5us, which implies that the time accuracy required for TSC cannot be achieved with UE based propagation delay compensation.

Observation 4: 
Improving the accuracy of TA will require significant RAN1 work.

The accuracy of UE-based propagation delay compensation further reduces as time elapses between when the TA was estimated and the point in time at which it is used for propagation delay compensation. This will therefore require the UE to request a fresh TA from the gNB for each estimation. Such a mechanism does not exist today and its introduction will lead to higher signaling loads for TSC.
Observation 5: 
A UE-based propagation delay compensation will require the UE to trigger frequent unicast signaling with the gNB to prevent the TA from becoming stale.

On the other hand, the gNB is not constrained by the granularity of the TA and can determine a UE’s propagation delay with the accuracy it requires. Furthermore, positioning mechanisms are being introduced in NR that exploit timing (DL-TDOA, UL-RTOA), direction (UL-AoA, DL-AoD) and signal strength information to accurately determine the position of the UE within a few meters. The combination of location information and TA calculation can be used by the gNB to determine and compensate for a UE’s propagation delay with better accuracy.

Observation 6: 
The gNB is not constrained by the TA granularity and can additionally use location information to achieve better propagation delay compensation accuracy that the UE.
Proposal 1:
Propagation delay compensation is performed by the gNB.
3 Conclusion

In this document we observed the following: 
Observation 1: 
The gNB knows the timing advance of every UE and is therefore aware of their propagation delays.

Observation 2: 
Propagation delay compensation has been the preserve of the base station.

Observation 3: 
The granularity of the time base used for timing advance can be over 0.5us, which implies that the time accuracy required for TSC cannot be achieved with a UE based propagation delay compensation.

Observation 4: 
Improving the accuracy of TA will require significant RAN1 work.

Observation 5: 
A UE-based propagation delay compensation will require the UE to trigger frequent unicast signaling with the gNB to prevent the TA from becoming stale.

Observation 6: 
The gNB is not constrained by the TA granularity and can additionally use location information to achieve better propagation delay compensation accuracy that the UE.

On the basis of the above observations we propose:
Proposal 1:
Propagation delay compensation is performed by the gNB.
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