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1 Background
SA2 has asked RAN WGs various questions about TSN usage in LS R1-1810074 received in RAN1#94b. This relates to ongoing RAN WG studies IIoT (RAN2 led) and eURLLC (RAN1 led). In RAN1#94b (Chendgu), it was decided to wait for further input from RAN2 before RAN1 replies to the SA2 LS.
The specific performance related question in the SA2 LS R1-1810074 is

	ACTION: 
SA2 would like to ask RAN1, RAN2 and RAN3 whether using the existing 3GPP defined synchronisation, prioritisation and scheduling mechanisms, potentially with some enhancements within RAN, can fulfil the performance requirements defined in clause 8.1 of TR 22.804.


In RAN2#103b (Chendgu), RAN2 has prepared a response LS (R2-1816043) that includes the following specific questions for RAN1.

	ACTION: 
RAN2 respectfully asks RAN1 to take the above information into account and:

· provide feedback on whether 0.5 ms latency target can be achieved using current NR specification and/or enhancements considered as part of L1 URLLC enhancements SI.
· provide feedback on what the achievable time synchronization accuracy over Uu interface, considering the synchronicity requirements of TSN networks as mentioned in TR 22.804


In this discussion paper, we propose a response to SA2 and RAN2 LSs.
2 Performance for Latency and Reliability Targets
RAN1 is currently performing eURLLC study, including the following objective:
· Higher reliability (up to 1E-6 level), higher availability, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
Proposal 1: reply to SA2 and RAN2 that short latency up to 0.5ms is part of ongoing study in RAN1, including the development of new techniques in Rel-16 to achieve the short latency.
3 Performance for Time Synchronization
3.1 Requirements

SA1 undertook a study of requirements for verticals in TR 22.804, and consolidated the final requirements in Section 8 of TR 22.804. Specific service requirements for clock synchronization are provided in Section 8.1.6.2. Among the use cases mentioned in Section 8.1.6.2, PMSE (Program Making and Special Events) is not in scope of the agreed work in RAN WGs, and not in scope of the normative requirements work in Rel-16 in SA1. Hence, it is sufficient to focus on the first row of the requirements.
	3.1.1.1 Clock synchronisation service performance requirement 

clock synchronicity accuracy level 

Number of devices in one Communication group for clock synchronisation

Synchronisation clock synchronicity requirement 

Service area 

Use case reference

1

 Up to 300 device

< 1 µs

≤ 100 m2
Factories of the Future 2.4

Factories of the Future 5.3

PMSE 1.2, 

Electric Power Distribution 4.1

2

Up to 10 UEs

< 10 µs

≤ 2500 m2
PMSE 3.1

3

Up 500 UEs
< 20 µs

≤ 2500 m2
PMSE 2.1




Observation 1: The requirement in SA1 points to 1 µs for a 100m2 service area. 

Time synchronization question from RAN2 asks RAN1 about the achievable synchronization accuracy on the Uu interface. One of the architectural views in RAN2 is shown below.
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There are several aspects that are open for discussion between RAN2/SA2/SA3, including the need for inter-gNB synchronization, the accuracy of synchronization between Local Clock and gNB. For the present discussion, we propose to focus RAN1 activity on the synchronization between one gNB and one UE on the Uu interface. 

Observation 1: RAN1 should focus the discussion on synchronization between one gNB and UE on the Uu interface.
3.2 RAN1 Aspects
The target synchronization accuracy requirement between two UEs is 1 µs, which translates to a 500ns accuracy requirement between the UE and the gNB (for two UEs connected to the same gNB).

There are two fundamental aspects to time-synchronization of UE to gNB.

1. UE-gNB distance (directly related to propagation delay)
2. Channel delay spread 
Calculation based on service area:

For the 100m2 area, a circular shape with gNB in the centre results in 5.7m gNB-UE distance. For some irregularity of shape of service area, we can consider a 10m gNB-UE distance, which translates to a 33ns propagation delay. The 33ns propagation delay is a magnitude smaller compared to the target requirement of 500ns. In the Appendix, we list the total timing error incurred in the system and show that it can satisfy the target synchronization requirement without the need of TA compensation. 
Calculation based on RAN1 evaluation methodology:
The following agreements have been reached regarding evaluation methodology for eURLLC indoor use case: TDL-D (with 30ns) and TDL-C (with 100ns). The indoor use-case is the best fit for the SA1 requirement of 100m2 service area, and the delay spread in both the indoor evaluation frameworks is small compared to the 500ns accuracy requirement.
Observation 3: Based on SA1 service area as well as RAN1 evaluation methodology, the propagation delay and delay spread are both order of magnitude smaller than the synchronization target accuracy.
If the propagation delay and the channel delay spread are both significantly smaller than the synchronization target accuracy, a simple solution based on DL received timing at the UE should achieve the target accuracy. 

Proposal 2: A solution based on UE deriving time via DL received timing can achieve the target accuracy. Correction for propagation delay and channel delay spread is not necessary for the SA1 performance requirements. 
Note that in some cases two UEs may be connected to different gNBs within the Industrial IoT network. In this case, the accuracy requirement between UE and gNB will be less than 500ns. Further input from RAN3 is needed to determine the appropriate assumptions on inter-gNB synchronization achievable for the cases of interest in Industrial IoT.
4 Summary
Proposal 1: reply to SA2 and RAN2 that short latency up to 0.5ms is part of ongoing study in RAN1, including the development of new techniques in Rel-16 to achieve the short latency.

Proposal 2: A solution based on UE deriving time via DL received timing can achieve the target accuracy. Correction for propagation delay and channel delay spread is not necessary for the SA1 performance requirements. 
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6 Appendix

6.1 Evaluation methodology
In RAN1 #94bis, the following is agreed for the evaluation of indoor factory automation. 
Agreements:

· Take the simulation settings in the following table for link-level simulation applicable for all cases with indoor hot-spot and factory automation for 4 GHz:  
	Parameter
	Value

	Carrier frequency for evaluation
	4GHz

	Channel model
	TDL-D (delay spread: 30ns) as in 38.901
TDL-C (delay spread: 100ns) as in 38.901

Note: Companies report the modification of the channel model if any

	UE speed
	3 km/h, 30 km/h

	BS antenna configuration
	4 Tx/4 Rx antenna ports and 8 Tx/8 Rx antenna ports
Higher BS antenna configurations for evaluation are not precluded  

	UE antenna configuration
	2 Tx/4 Rx antenna ports

Higher UE antenna configurations for evaluation are not precluded

	System bandwidth
	40 MHz

	Sub-carrier spacing
	30 kHz

Note: Other values for evaluation are not precluded.  

	Channel estimation
	Practical

	Receiver type
	MMSE

	Q value (i.e. SINR range) 
	Companies report the 5% Q value


The normalized power delay profile for TDL-C is listed Table 1. With 100ns RMS delay, the majority of the energy is concentrated in the first 70ns. 
Table 1 Normalized power delay profile for TDL-C

	Tap #
	Normalized delays
	Power in [dB]
	Fading distribution

	1
	0
	-4.4
	Rayleigh

	2
	0.2099
	-1.2
	Rayleigh

	3
	0.2219
	-3.5
	Rayleigh

	4
	0.2329
	-5.2
	Rayleigh

	5
	0.2176
	-2.5
	Rayleigh

	6
	0.6366
	0
	Rayleigh

	7
	0.6448
	-2.2
	Rayleigh

	8
	0.6560
	-3.9
	Rayleigh

	9
	0.6584
	-7.4
	Rayleigh

	10
	0.7935
	-7.1
	Rayleigh

	11
	0.8213
	-10.7
	Rayleigh

	12
	0.9336
	-11.1
	Rayleigh

	13
	1.2285
	-5.1
	Rayleigh

	14
	1.3083
	-6.8
	Rayleigh

	15
	2.1704
	-8.7
	Rayleigh

	16
	2.7105
	-13.2
	Rayleigh

	17
	4.2589
	-13.9
	Rayleigh

	18
	4.6003
	-13.9
	Rayleigh

	19
	5.4902
	-15.8
	Rayleigh

	20
	5.6077
	-17.1
	Rayleigh

	21
	6.3065
	-16
	Rayleigh

	22
	6.6374
	-15.7
	Rayleigh

	23
	7.0427
	-21.6
	Rayleigh

	24
	8.6523
	-22.8
	Rayleigh


The TDL-D listed in Table 2 is very close to the LOS channel where the majority of the energy lies in the first tap with 0 delay.
Table 2 Normalized power delay profile for TDL-D

	Tap #
	Normalized delay
	Power in [dB]
	Fading distribution

	1
	0
	-0.2
	LOS path

	
	0
	-13.5
	Rayleigh

	2
	0.035
	-18.8
	Rayleigh

	3
	0.612
	-21
	Rayleigh

	4
	1.363
	-22.8
	Rayleigh

	5
	1.405
	-17.9
	Rayleigh

	6
	1.804
	-20.1
	Rayleigh

	7
	2.596
	-21.9
	Rayleigh

	8
	1.775
	-22.9
	Rayleigh

	9
	4.042
	-27.8
	Rayleigh

	10
	7.937
	-23.6
	Rayleigh

	11
	9.424
	-24.8
	Rayleigh

	12
	9.708
	-30.0
	Rayleigh

	13
	12.525
	-27.7
	Rayleigh

	NOTE:
The first tap follows a Ricean distribution with a K-factor of K1 = 13.3 dB and a mean power of 0dB.


The granularity of the DL timing detection depends on the frequency span of TRS (tracking reference signal). With 40Mhz system bandwidth, the timing resolution can be in the order of 25ns. That is, given the indoor channel model and the system bandwidth, the UE detected timing error relative to DL is expected to be no more than 100ns.   

6.2 Performance Results

Below we list the timing error detection performance for TDL-C channel model with the agreed simulation assumption. Note the performance of TDL-D channel model is not shown as it is much more benign compared to the TDL-C.
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Figure 1: First Arrival Path estimation error at UE (TDL-C)

It can be observed that with SNR 0dB or above, the timing error is no more than 100ns. Note the SNR shown here is with single shot TRS processing, and without TRS power boosting. For this reason, UEs with geometry below 0dB can achieve performance corresponding to SNRs with higher SNR in practice (because UE achieves better TRS SNR by combining across multiple TRS instances and in addition gNB may perform TRS power boosting). 
6.3 Approximating the overall timing accuracy

The overall timing accuracy can be estimated with the following components:

Signalling granularity: If we assume that the SIBXX can broadcast the time reference information with 0.25us granularity as in LTE R15 HRLLC, there is an additional 125ns synchronization error. 
Propagation delay: As discussed in Section 3.2, the propagation delay for the use-case of interest can be assumed to be less than 33ns.

UE determination of time-of-arrival: As shown in the simulation results, the UE can estimate the time-of-arrival of the first path with better than 100ns accuracy.

With single carrier TAE assumption, further considering the propagation delay, we have total error margin as (125ns + 100ns + 33ns) which satisfies the target synchronization accuracy without any TA compensation.

Note that it is possible to introduce better granularity of the time reference information compared to LTE R15 HRLLC and the error margin can be further improved.
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