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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
At the RAN#86 meeting, enhancements for industrial Internet of things (IoT) and URLLC were approved [1]. One of the objectives in this work item is to improve the support of time synchronization as shown below.

Enhancements for support of time synchronization:
a. RAN impacts of SA2 work on uplink time synchronization for TSN, if any. [RAN2]
b. Propagation delay compensation enhancements (including mobility issues, if any). [RAN2, RAN1, RAN3, RAN4]

This contribution gives considerations for the propagation delay compensation enhancements in Rel-17 based on the work done in Rel-16.

Propagation delay compensation in Rel-16
In Rel-16, the accurate reference timing delivery from the gNB to the UE was introduced by RRC signaling to satisfy the synchronization accuracy requirement between the GM (gNB) and the TSN end station (UE). The detailed requirement for the clock synchronization service is shown in Table 1 below [2].
Table 1: Clock synchronization service performance requirements for the 5G System
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	1
	Up to 300 UEs
	≤900 ns 
	≤ 100 m x 100 m
	· Motion control
· Control-to-control communication for industrial controller

	2
	Up to 10 UEs
	< 10 µs
	≤ 2500 m2
	· High data rate video streaming

	3
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs

	NOTE:	The clock synchronicity requirement refers to the clock synchronicity budget for the 5G system, as described in Clause 5.6.1.



Considering that the RF propagation delay may have some impact to the accuracy of the reference timing, RAN2 discussed the propagation delay compensation and sent an LS [3] to RAN1 asking about the necessity for specifying any propagation delay compensation. Actually, during the study item of IIoT, RAN1 had already performed an analysis on the time synchronization error over the Uu interface between a gNB and a single UE. This is captured in TR 38.825. Based on RAN1’s evaluation, a timing synchronization error between a gNB and a UE of no worse than 540ns for 15 kHz SCS can be achieved [4], assuming TA based propagation delay compensation is adopted [5].
Thus, RAN1 concludes that the propagation delay between the gNB and the UE is assumed to be approximately half of the indicated TA for both TDD and FDD, and no physical layer impact has been identified in the LS reply [6]. So, for the propagation delay compensation in Rel-16, there is no physical layer impact from the RAN1 perspective.

In RAN2, it was agreed that the time indicated by RRC signaling from the gNB to the UE is referenced at the network side without compensating for the RF propagation delay. And RAN2 does not capture the propagation delay compensation aspect in the specification. Thus, also from the RAN2 perspective, the propagation delay compensation is not specified in Rel-16.
Potential enhancements in Rel-17
In Rel-17, if considering the uplink time synchronization scenario where the GM and the TSN end station are both located at the UE side, then one UE (i.e. GM) needs to transmit the reference time to a gNB and then the gNB transmits the reference time to another UE (i.e. to the TSN end station). In this situation the worst case synchronization error would be doubled compared to the downlink time synchronization scenario assuming TA based propagation delay compensation is also adopted, i.e. it could become 1080ns. Then enhancements may be needed, because the resulting error may not satisfy anymore the clock synchronization service requirements for the 5G System.
According to the evaluation in TR 38.825, the error is mainly composed by the TAE (Time Alignment Error) defined in TS 38.104 section 6.5.3, the Te (Timing Error Limit) defined in TS 38.133 section 7.1.2, the TA adjustment accuracy defined in TS 38.133 section 7.3.2.2, the TA adjustment granularity of  defined in TS 38.213 section 4.2, the asymmetry between downlink and uplink propagation delay and the gNB UL receive timing error. The corresponding spec for some components is shown below.Copied from 38.104-g40
[bookmark: _Toc21127479][bookmark: _Toc29811688][bookmark: _Toc36817240][bookmark: _Toc37260156][bookmark: _Toc37267544][bookmark: _Toc44712146][bookmark: _Toc45893459]6.5.3	Time alignment error
[bookmark: _Toc21127480][bookmark: _Toc29811689][bookmark: _Toc36817241][bookmark: _Toc37260157][bookmark: _Toc37267545][bookmark: _Toc44712147][bookmark: _Toc45893460]6.5.3.1	General
This requirement shall apply to frame timing in MIMO transmission, carrier aggregation and their combinations.
Frames of the NR signals present at the BS transmitter antenna connectors or TAB connectors are not perfectly aligned in time. The RF signals present at the BS transmitter antenna connectors or transceiver array boundary may experience certain timing differences in relation to each other.
The TAE is specified for a specific set of signals/transmitter configuration/transmission mode.
For BS type 1-C, the TAE is defined as the largest timing difference between any two signals belonging to different antenna connectors for a specific set of signals/transmitter configuration/transmission mode.
For BS type 1-H, the TAE is defined as the largest timing difference between any two signals belonging to TAB connectors belonging to different transmitter groups at the transceiver array boundary, where transmitter groups are associated with the TAB connectors in the transceiver unit array corresponding to MIMO transmission, carrier aggregation for a specific set of signals/transmitter configuration/transmission mode.
[bookmark: _Toc21127481][bookmark: _Toc29811690][bookmark: _Toc36817242][bookmark: _Toc37260158][bookmark: _Toc37267546][bookmark: _Toc44712148][bookmark: _Toc45893461]6.5.3.2	Minimum requirement for BS type 1-C and BS type 1-H
For MIMO transmission, at each carrier frequency, TAE shall not exceed 65 ns.
For intra-band contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 260ns.
[bookmark: OLE_LINK264][bookmark: OLE_LINK265]For intra-band non-contiguous carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
For inter-band carrier aggregation, with or without MIMO, TAE shall not exceed 3µs.
The time alignment error requirements for NB-IoT are specified in TS 36.104 [13] clause 6.5.3.

Copied from 38.133-g40
7.1.2	Requirements
The UE initial transmission timing error shall be less than or equal to Te where the timing error limit value Te is specified in Table 7.1.2-1. This requirement applies:
-	when it is the first transmission in a DRX cycle for PUCCH, PUSCH and SRS, or it is the PRACH transmission, or it is the msgA transmission..
The UE shall meet the Te requirement for an initial transmission provided that at least one SSB is available at the UE during the last 160 ms. The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus [image: ]. The downlink timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. NTA for PRACH is defined as 0.
[image: ] (in Tc units) for other channels is the difference between UE transmission timing and the downlink timing immediately after when the last timing advance in clause 7.3 was applied. NTA for other channels is not changed until next timing advance is received. The value of[image: ]depends on the duplex mode of the cell in which the uplink transmission takes place and the frequency range (FR). [image: ]is defined in Table 7.1.2-2.
Table 7.1.2-1: Te Timing Error Limit
Frequency Range
SCS of SSB signals (kHz)
SCS of uplink signals (kHz)
Te
1
15
15
12*64*Tc


30
10*64*Tc


60
10*64*Tc

30
15
8*64*Tc


30
8*64*Tc


60
7*64*Tc
2
120
60
3.5*64*Tc


120
3.5*64*Tc

240
60
3*64*Tc


120
3*64*Tc
Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]


[bookmark: _Toc535475937]7.3.2.2	Timing Advance adjustment accuracy
The UE shall adjust the timing of its transmissions with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].
Table 7.3.2.2-1: UE Timing Advance adjustment accuracy
UL Sub Carrier Spacing(kHz)
15
30
60
120
UE Timing Advance adjustment accuracy
±256 Tc
±256 Tc
±128 Tc
±32 Tc


The TAE is the timing difference of NR signals present at the BS transmitter in e.g. MIMO transmission. It is preferred to keep the TAE the same as the legacy value to avoid the potential impact to the BS transmitter implementation. And for the Te and the TA adjustment accuracy, it is related to the UE uplink timing adjustment, so also here it is preferred to keep it the same as legacy uplink timing adjustment procedures.

Proposal 1: For any potential propagation delay compensation enhancements considered in Rel-17, keep the TAE, Te and TA adjustment accuracy the same as legacy numbers. 

From the RAN1 point of view, the simplest way for the propagation delay compensation enhancement in Rel-17 is to use a higher SCS. Because the higher the SCS, the better accuracy can be achieved [7]. But it may limit the possible SCSs that can be used in the uplink time synchronization scenario. Another way maybe to use a finer granularity of the propagation delay for compensation considering that the current granularity of the propagation delay is the same as the TA adjustment granularity i.e. . But at this moment from the RAN1 perspective, it is not clear how much finer granularity needs to be achieved considering that the requirement of e.g. 900ns is for the 5G system and not only for RAN1.

Observation 1: Timing synchronization accuracy would be improved if higher SCS is used for propagation delay compensation.

Conclusion
In this paper, we summaries the propagation delay compensation in Rel-16 and give our considerations for the enhancements in Rel-17.

Observation 1: Timing synchronization accuracy would be improved if higher SCS is used for propagation delay compensation.

Proposal 1: For any potential propagation delay compensation enhancements considered in Rel-17, keep the TAE, Te and TA adjustment accuracy the same as legacy numbers. 
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