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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1 #102-e meeting, the below agreements were made for propagation delay compensation. This contribution gives further considerations for this topic in Rel-17.

	Agreements:
· Take the following use cases as the representative use cases for further study on propagation delay compensation enhancements in Rel-17. 
	User-specific clock synchronicity accuracy level 
	Number of devices in one Communication group for clock synchronisation
	5GS synchronicity budget requirement 
(note)
	Service area 
	Scenario

	2
	Up to 300 UEs
	≤900 ns          
	≤ 1000 m x 100 m
	· Control-to-control communication for industrial controller

	4
	Up to 100 UEs
	<1  µs
	< 20 km2
	· Smart Grid: synchronicity between PMUs



Agreement:
· 8*64*Tc/2 as the TA indicating error is assumed in the evaluation.

Agreements:
For 5GS synchronicity budget requirement, 
· One Uu interface is assumed for smart grid. 
· Two Uu interfaces are assumed for control-to-control.

Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns

Agreement: The value defined in Table 7.1.2-1 for initial transmit timing error (Te) in TS 38.133 should be considered for evaluation of the time synchronization.

Agreement: Asymmetry between downlink and uplink channel for control-to-control scenario is not considered.

Agreement: 100 ns is assumed for BS detecting error.

Agreement: Timing advance adjustment accuracy defined in Table 7.3.2.2-1 in TS 38.133 is assumed for evaluation of the time synchronization.

Agreement: Both 15 kHz and 30 kHz are assumed for both control-to-control and smart grid for evaluation of the time synchronization.

Agreements:
Send an LS to RAN2 with the content including
· Inform RAN2 the two representative use cases concluded in RAN1 for further study;
· Ask RAN2 for input about Uu interface error budget for each of the two use cases;

Decision: As per email decision posted on August 28th,
Agreements:
The following options for propagation delay compensation are further studied in RAN1
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 



Analysis on the error related to the propagation delay compensation
In last meeting, the following was agreed about the BS transmit timing error:
	Agreements:
For BS transmit timing error, further study the following three options: 
· Option 1: 65 ns 
· Option 2:±130ns for the indoor scenario and ±200ns for the smart grid scenario
· Option 3:82.5 ns




And the following is copied from 38.104, g50.
	[bookmark: _Toc53178187][bookmark: _Toc53178638]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: _Toc53178188][bookmark: _Toc53178639]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.
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.



The BS transmit timing error is related to the TAE which is defined in TS38.104 as shown above. Based on this definition, it is clear that the values of the TAE for the single carrier case and for carrier aggregation are different. For option 1 and option 3, single carrier with MIMO transmission (i.e. 65ns) is assumed. While for option 2, the intra-band contiguous carrier aggregation (i.e. 260ns) is assumed for the indoor scenario. Thus RAN1 needs to discuss which value (65ns or 260ns) should be considered for each scenario. Note that in Rel-16 evaluation, 65ns is used. For simplicity, maybe we can also use 65ns for this evaluation. Moreover the gNB-to-gNB transmission error (i.e. 400ns) is also considered for the smart grid scenario in option 2, but option 1 and option 3 does not consider this error. Since only one Uu interface is assumed for the smart grid scenario and two Uu interfaces are assumed for control-to-control as agreed in last meeting, we don’t need to consider a gNB-to-gNB error for smart grid scenario. For control-to-control, it may need to be done, since two UEs could connect with different gNBs. But this aspect is currently under discussing in RAN2 [1]. In RAN1, assuming one gNB can be the starting point for discussion.

Proposal 1: RAN1 shall decide for each scenario which value for the TAE should be taken into account.

Once the TAE value is decided for evaluation, then another question is how to use it to obtain the BS transmit timing error. There are three alternatives based on the three options agreed in last meeting.
· Alt 1: use the TAE directly to represent the BS transmit timing error (i.e. option 1)
· Alt 2: use half of the TAE to represent the BS transmit timing error (i.e. option 2)
· Alt 3: use half of the TAE plus BS baseband internal error to represent the BS transmit timing error (i.e. option 3)
Based on the TAE definition, which is the timing difference between the BS transmitter antenna connectors, it is not the difference between gNB transmit time and reference frame time at baseband. Based on this, alt 3 is proposed by some company in last meeting. However, the BS baseband internal error in Alt 3 is highly dependent on gNB implementation. Another question is if RAN1 also needs to consider the baseband internal error from the UE? Please note that in the control-to-control scenario, the GM clock is on the UE side not on the network side. And for half of the TAE, it may not be appropriate to use this since in worst case the error from baseband to BS transmitter antenna connector can be the TAE although it is also highly dependent on gNB implementations. Based on above analysis, simply using TAE to represent the BS transmit timing error is preferred.

Proposal 2: The BS transmit timing error can be the TAE value for evaluation of each scenario.

In the last meeting it was agreed for the control-to-control scenario to not consider a potential asymmetry between the downlink and uplink channel, but it is not clear whether to consider asymmetry for the smart grid scenario. For smart grid, the service area is 20 km2 which is much larger than the service area of the control-to-control case. Thus, for smart grid, we think the asymmetry needs to be taken into account, and based on our previous simulations [2], +/-160ns can be assumed.

Proposal 3: Asymmetry between downlink and uplink channel for smart grid scenario is considered for evaluation, and +/-160ns can be considered.

Beyond the error components discussed above, there is also some other error component e.g. downlink timing detection error which is related to the UE implementation and has been discussed in last meeting [3]. It is clear that it will have impact to the accuracy of propagation delay compensation. Based on all these error components, there is no common understanding about how to model the total error. RAN1 should therefore decide the calculation method to obtain the total error so that RAN1 can then evaluate how much error needs to be reduced to satisfy the budget of the Uu interface. According to the discussion in [3], we think the total error can be half of the sum of all the error components.

Proposal 4: RAN1 shall decide the calculation method for the total error based on all these error component.
Analysis on options for propagation delay compensation
In last meeting, the following options were agreed for further study about the propagation delay compensation.

	Agreements:
The following options for propagation delay compensation are further studied in RAN1
· Option 1: TA-based propagation delay
· Option 1a: Propagation delay estimation based on legacy Timing advance (potentially with enhanced TA indication granularity).
· Option 1b: Propagation delay estimation based on timing advanced enhanced for time synchronization (as 1a but with updated RAN4 requirements to TA adjustment error and Te)
· Option 1c: Propagation delay estimation based on a new dedicated signaling with finer delay compensation granularity (Separated signaling from TA so that TA procedure is not affected)
· Option 2: RTT based delay compensation:
· Propagation delay estimation based on an RAN managed Rx-Tx procedure intended for time synchronization (FFS to expand or separate procedure/signaling to positioning). 




For option 1a and 1b, the UE uplink timing adjustment should be improved compared to legacy UEs. Especially for option 1b, if the Te and TA adjustment error is improved then the requirement for the initial transmission error and TA adjustment accuracy will be increased. But TSN UEs only need to compensate the propagation delay accurately to satisfy the 900ns or the 1us requirement. It may be unnecessary for other functions to introduce stricter requirements on the Te and on the TA adjustment accuracy. Moreover, updating the Te and the TA adjustment error may also need to be discussed in RAN4 to check whether it has some additional impact. For option 1c, the TA procedure is not affected and the propagation delay can also be compensated. From the spec impact point of view, it seems option 1c is small compared to option 1a and 1b. For option 2, RTT based delay compensation, it requires the UE to measure e.g. DL PRS and to transmit e.g. SRS, so that the UE can obtain the Rx-Tx time difference. This implies that the TA adjustment error can be ignored and the accuracy can be improved compared to option 1. And which option should be used to compensate the propagation delay should be discussed after we have the error budget for the Uu interface. Beyond these options, network pre-compensation can also be considered.

Observation 1: update TA adjustment error and Te will have impact to RAN4 so it should be discussed in RAN4 to see whether it is acceptable or not.

Conclusion
In this paper, we give our considerations for the enhancements in Rel-17.
Proposal 1: RAN1 shall decide for each scenario which value for the TAE should be taken into account.

Proposal 2: The BS transmit timing error can be the TAE value for evaluation of each scenario.

Proposal 3: Asymmetry between downlink and uplink channel for smart grid scenario is considered for evaluation, and +/-160ns can be considered.

Proposal 4: RAN1 shall decide the calculation method for the total error based on all these error component.

Observation 1: update TA adjustment error and Te will have impact to RAN4 so it should be discussed in RAN4 to see whether it is acceptable or not.
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