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1 Background
RAN WG2 study item for Industrial IoT [1] includes the following objective:

	Time Sensitive Networking related enhancements:

a) Accurate reference timing: Delivery & related process (e.g. SIB delivery or RRC delivery to UEs, Multiple Transmission points) (RAN2/RAN3/RAN1)

b) Enhancements (e.g. for scheduling) to satisfy QoS for wireless Ethernet when using TSN traffic patterns as specified in TR 22.804 (RAN2/RAN1). Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress.

c) Ethernet header compression (RAN2):

i) Analysis of the benefits and the scenario (e.g. what are the formats and size of Ethernet frame to be considered, are VLAN fields included, protocol termination etc.). 

ii) Definition of the requirements for a new header compression.

d) Performance evaluation of TSN requirements as captured in TR 22.804 clause 8.1 (RAN2/RAN1/RAN3)

NOTE: This task is related to TSN specific requirements, which are not evaluated as part of “Study on physical layer enhancements for NR ultra-reliable and low latency case”. It is not intended to discuss/agree additional simulation assumptions for this case. 

Note: RAN2 to start the work, RAN1 to take action based on RAN2 progress


Previously, RAN2 has sent an LS (R2-1816043) to RAN1/RAN3/SA2 with the following views and actions

	With respect to the synchronization requirements, it is RAN2 understanding that SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB. RAN2 would also like to request a clarification from SA2 on:

· whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases (it is unclear, since the first row of table in section 8.1.6.2 of TR 22.804 mentions 100 m2 service area while the Electric Power Distribution is provided as a reference use case).

· whether <1 us synchronicity requirement is meant for UE to UE synchronization as well in addition to UE to gNB synchronization.

RAN2 would also like to request RAN1 to analyze the time synchronization accuracy achievable over Uu interface and would like to request RAN3 to analyze the time synchronization accuracy achievable from RAN network perspective. 


Actions
	To SA1 and SA2 groups

ACTION:
SA2 is also requested to provide the feedback on whether <1 us synchronicity requirement is meant for both intra- and inter-gNB cases.
To RAN1 group.

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
To RAN3 group.

ACTION: 
RAN2 respectfully asks RAN3 to take the above information into account and provide feedback on the achievable time synchronization accuracy from RAN network perspective, considering the synchronicity requirements of TSN networks as mentioned in TR 22.804. RAN3 is also requested to inform RAN2 in case the assumption about latency on network being negligible in TSN use cases is not valid.


While responses to these aspects are awaited, in this discussion paper, we discuss the RAN2 impact for supporting accurate reference timing delivery and also propose the overall framework that RAN2 can utilize for this work.
2 Time information delivery 
2.1 Time information delivery framework
Time information delivery has been studied in the context of LTE HRLLC, in order to deliver to the UE accurate time information of a clock external to the 5G system.  The latest RAN2 endorsed CR (R2-1813301) defines signalling for the eNB to deliver timing to the UE with granularity as low as 0.25 microseconds. The clock which is used to derive this timing can either be universal (UTC) or local (localClock). RAN2 does not define the delivery of localClock to eNB, or the interpretation of localClock at UE.

For TSN integration in NR, a similar solution as HRLLC would be a reasonable starting point. In addition to localClock, new clock types for TSN could be added if necessary. This leads to the following functional architecture.


[image: image1.emf]5G gNB

gNB

5G UE

Master

Clock

t

0

Uu

gNB master 

clock 

instance t

M

gNB 

Radio Time

t

R

Master clock 

copy at UE

t

M

’

UE

Radio Time

t

R

’

IIoT Client


Figure 1: Functional architecture for time information delivery

The following terminology is used in the proposed functional architecture.
t0: Master clock time.This is the time that has to be communicated to the UE accurately to meet IIoT requirements. The Master clock may be a local clock, a UTC clock or a TSN clock.

tR: Radio clock time at gNB. This time is tied to the NR frame structure and NR frame numbering used by the gNB.
Note: It is FFS if the radio clock time in the gNB operates independently from the Master clock, or is derived from a common time source.

tM: Master clock time available to gNB. This time is received by the gNB from the Master Clock 
Note: RAN3/SA2 should discuss the technique used by the gNB to obtain the master clock time. 

tR’: Radio clock time available to UE. This time is received by the UE via NR frame structure and frame numbering, and includes fine timing information at microsecond level precision. 
Note: RAN1 should discuss the specific procedures and accuracy for UE obtaining microsecond level fine timing information, including aspects such as propagation delay, multipath etc.
tM’: Master clock time derived by the UE. This time is derived by the UE based on the received radio clock (tR’) and additional parameters provided to the UE by the gNB. 
Proposal 1: UE should derive timing information for Industrial IoT applications using the received frame structure and frame timing of NR (radio clock time).
Proposal 2: RAN2 should discuss signalling that can be used by the UE to derive master clock time from the available radio clock time. 
Proposal 3: UE should convey timing information to application layer based on implementation-specific methods. 
For the specific case of TSN, UE may act as a 802.1AS clock source towards devices connected to the UE

2.2 Time information delivery accuracy assessment

Using the terminology defined above, the accuracy of time information delivery to the UE can be assessed as the error between the Master Clock (t0) and the Master clock time derived by the UE (tM’). This error can be multiplied by two to obtain the clock accuracy between two UEs.

The error can be divided into the following components

1. Master Clock to gNB error:

Note: RAN3 should provide an assessment of this error.
2. Air interface error between radio time at gNB and UE

Note: RAN1 should provide an assessment of this error (e.g. including aspects related to propagation delay, multipath etc)

3. UE error in the process of deriving master clock time from radio time 

Note: RAN2 should provide an assessment of this error (e.g. due to quantization of the master clock time information signalled to the UE)
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Figure 2 Error components of the functional architecture
Proposal 4: Adopt the text proposal in Annex for IIoT TR.
3 Summary
Based on the discussion above, we propose:
Proposal 1: UE should derive fine timing information for Industrial IoT applications using the received frame structure and system timing of NR.
Proposal 2: RAN2 should discuss signalling that can be used by the UE to derive master clock time from the available radio clock time. 

Proposal 3: UE should convey timing information to application layer based on implementation. 
Proposal 4: Adopt the text proposal in Annex for IIoT TR.
4 References

[1] RP-182090, “Revised SID: Study on NR Industrial Internet of Things (IoT)”

5 Text Proposal

6.4
Accurate reference timing provisioning
Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3

6.4.X Time information delivery
6.4.X.1 Framework for delivery of accurate reference timing to UE

Industrial IoT use cases require the delivery of accurate reference timing information to the UE, often with precision as strict as 1µs. This reference time is referred to as the Master clock in this discussion. The following functional architecture is assumed for delivery of accurate reference timing information.
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Figure X: Functional architecture for time information delivery

The following terminology is used in the functional architecture.

t0: Master clock time.This is the time that has to be communicated to the UE accurately to meet IIoT requirements. The Master clock may be a local clock, a UTC clock or a TSN clock.

tR: Radio clock time at gNB. This time is tied to the NR frame structure and NR frame numbering used by the gNB.

Note: It is FFS if the radio clock time in the gNB operates independently from the Master clock, or is derived from a common time source.

tM: Master clock time available to gNB. This time is received by the gNB from the Master Clock 

Note: RAN3/SA2 should discuss the technique used by the gNB to obtain the master clock time. 

tR’: Radio clock time available to UE. This time is received by the UE via NR frame structure and frame numbering, and includes fine timing information at microsecond level precision. 

Note: RAN1 should discuss the specific procedures and accuracy for UE obtaining microsecond level fine timing information, including aspects such as propagation delay, multipath etc.
tM’: Master clock time derived by the UE. This time is derived by the UE based on the received radio clock (tR’) and additional parameters provided to the UE by the gNB. 

The UE may deliver the derived master clock time to the IIoT client by acting as a 802.1AS clock source in case of TSN clients, or by other implementation dependent methods.

6.4.X.2 Assessment of accuracy of reference time delivery 
Using the terminology defined above, the accuracy of time information delivery to the UE can be assessed as the error between the Master Clock (t0) and the Master clock time derived by the UE (tM’). This error can be multiplied by two  to obtain the clock accuracy between two UEs.

The error can be divided into the following components

· Master Clock to gNB error:

Note: RAN3 should provide an assessment of this error.

· Air interface error between radio time at gNB and UE

Note: RAN1 should provide an assessment of this error (e.g. including aspects related to propagation delay, multipath etc)

· UE error in the process of deriving master clock time from radio time 

Note: RAN2 should provide an assessment of this error (e.g. due to quantization of the master clock time information signalled to the UE)
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