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1 Introduction
This paper proposes a TP for TR 38.825 addressing aspects related to accurate reference timing. 
The TP proposed in this paper is based on 

· agreements from RAN2#104 (Nov 2018, Spokane) and

· agreements from RAN2#105 (Feb 2019, Athens),
· tentative agreement on synchronization accuracy analysis from RAN2#105 (Feb 2019, Athens) for the following:
[DRAFT] Reply LS on TSN integration in the 5G System
Nokia, Nokia Shanghai Bell
LS out
Rel-16
FS_NR_IIOT
To:SA WG2
Cc:RAN WG1, RAN WG3, SA WG1, TSG RAN

2 Background
Accurate reference timing is one of the aspects of Industrial IoT SI [1] (related SID excerpt copied below). 
	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


Accurate reference timing delivery is key to meeting clock synchronization requirements in TS 22.104. Related excerpt from TS 22.104 copied below:

	5.6.1
Clock synchronisation service level requirements

The 5G system shall support a mechanism to process and transmit IEEE1588v2 / Precision Time Protocol messages to support 3rd-party applications which use this protocol.

The 5G system shall support a mechanism to synchronise the user-specific time clock of UEs with a global clock.

The 5G system shall support a mechanism to synchronize the user-specific time clock of UEs with a working clock.

The 5G system shall support two types of synchronization clocks, the global time domain and the working clock domains.

The 5G system shall support networks with up to 32 working clock domains.

NOTE 1:
The domain number (synchronization domain identifier) is defined with one octet in IEEE 802.1AS [22]. This allows for 256 synchronization domains.

The 5G system shall support at least 2 simultaneous working clock domains on a UE. 

The global time domain shall provide time synchronization with precision of 1 µs.

NOTE 2:
Some use cases require only a precision of ≤ 100 µs for the global time domain if a working clock domain with precision of ≤ 1 µs is available.

NOTE 3:
The required precision is between the sync master and any device of the global time domain.

The working clock domains shall provide time synchronization with precision of ≤ 1 µs. 

NOTE 4:
The required precision of ≤ 1 µs is between the sync master and any device of the clock domain.

NOTE 5:
Different working clock domains are independent and can have different precision.
The 5G system shall provide a media dependent interface for one or multiple 802.1AS sync domains [22]. 

The 5G system shall provide an interface to the 5G sync domain which can be used by applications to derive their working clock domain or global time domain (Reference Clock Model).

The 5G system shall provide an interface at the UE to determine and to configure the precision and time scale of the working clock domain. 

5.6.2
Clock synchronisation service performance requirements

Table 5.6.2-1: Clock synchronization service performance requirements

User-specific clock synchronicity accuracy level 

Number of devices in one Communication group for clock synchronisation

Clock synchronicity requirement 

Service area 

Scenario

1

Up to 300 UEs

< 1 µs

≤ 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



3 RAN2 Agreements on Accurate Reference Timing
3.1 Agreements from RAN2#104
Agreements related to accurate reference timing from RAN2#104 (Nov 2018, Spokane) are given below:

	We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 

0.25us granularity can be starting point, FFS finer granularity than 0.25us
 


3.2 Agreements from RAN2#105

Agreements related to accurate reference timing from RAN2#105 are highlighted below:

	R2-1901399
RAN details on the time reference information
Intel Corporation
discussion
Rel-16
FS_NR_IIOT
DISCUSSION

P1

- 
Samsung think that if unicast and broadcast send the same information there is no benefit for unicast. Docomo think there is R3 impact. 

- 
Huawei think that security and differentiation of UEs can be done with Unicast. 

- 
Nokia support unicast. 

- 
LG, Samsung, Oppo think we don’t need unicast. 

- 
LG think it would be ok to use unicast in complement to broadcast. 

- 
Vivo think we would need to analyse overhead for unicast.

- 
CMCC think we can standardize both, and it is anyway a network choice what to use. 

· Unicast RRC signaling is also used to distribute timing information.
 


	R2-1900632
[DRAFT] Reply LS on TSN integration in the 5G System
Nokia, Nokia Shanghai Bell
LS out
Rel-16
FS_NR_IIOT
To:SA WG2
Cc:RAN WG1, RAN WG3, SA WG1, TSG RAN

- 
Nokia proposes to agree that that the signalling granularity of reference time information is 10ns. Ericsson support to have finer granularity then current 250 ns. 

- 
Vivo think Nokia hasn’t taken into account propagation delay which may be an issue. QC think R1 looked at both small and large cells, and the R1 numbers are after propagation delay compensation. 

- 
CATT could be fine with this (change opinion). 

- 
Docomo wonders if 100ns network latency is sufficient. Nokia proposes to discuss offline

· signalling granularity of reference time information is =<50ns

· revised in R2-1902356

· Comeback (103), Nokia
 


Also, placeholder text has been included in (Section 6.3.3.1 of) the TP to capture RAN2 agreements from draft LS to SA2 in R2-1902356 (highlighted above). Note that R2-1900632 is being revised to R2-1902356 and the placeholder text in the TP is based on following excerpt R2-1900632 updated to reflect above agreement on granularity.
	With respect to synchronization requirements:

· The following feedback has been already provided to SA2:

· Synchronization accuracy achievable over the Uu interface was analyzed by RAN1 and the feedback is provided in R1-1901470

· Synchronization accuracy between TSN GM clock and gNB was analyzed by RAN3 and the feedback is provided in R3-187252

· Additionally, RAN2 agreed that the granularity of timing information provided via RRC signalling (e.g. SIB or unicast RRC message) can be as low as 10 ns. Thus, considering this and information from RAN1 and RAN3 the overall synchronization accuracy error between a clock source and UE clock, in the worst-case scenario would be equal to 645 ns (540ns (air interface accuracy) + 100ns (network interface accuracy) + 5 ns (granularity/2)). RAN2 would like to point out that most UEs should achieve smaller errors. 
· RAN2 would like to point out that the normative work for reference time information provision from RAN to UE has not yet started



4 Conclusions
Highlights of the above discussion are captured in text proposal for TR 38.825 given in Annex.
Proposal 4: Adopt the text proposal given in the Annex (Section 6) for TR 38.825.
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6.3
TSN performance evaluation
6.3.1
Requirements
Editor’s note: RAN2 responsibility


6.3.2
Physical layer aspects
Editor’s note: RAN1 responsibility

6.3.3
Protocol aspects
Editor’s note: RAN2 responsibility
Some protocol aspects are discussed in Section 6.4.




· 
· 
· 

6.3.4
Radio access network aspects
Editor’s note: RAN3 responsibility
6.3.5 Overall synchronization accuracy analysis



The synchronization accuracy analysis is based on the following:

· Synchronization accuracy achievable over the Uu interface discussed in Section 6.3.2

,
· Synchronization accuracy between TSN GM clock and gNB discussed in Section 6.3.4

, and
· Granularity of signalled reference timing discussed in Section 6.4.2. 
Considering the above and assuming 100 ns time error between TSN GM clock and gNB, as well as the sub-carrier spacing (SCS) of 15 kHz, the overall synchronization accuracy error between a clock source and UE clock would be equal to 665 ns (i.e. 540ns (air interface accuracy) + 100ns (network interface accuracy) + 25 ns (granularity/2)). 
Some remarks about the above accuracy analysis:

· Most UEs will achieve smaller errors when the network configures higher SCSs. 
· The above calculation assumes the propagation delay is either negligible (i.e. small service areas) or is compensated for in larger service areas. 
· Without propagation delay compensation, for inter-site distances greater than 200m, the gNB-to-UE timing synchronization accuracy may be worse than 1us. 
· The synchronization accuracy analysis above is a generic analysis and does not assume any particular solution in [V].

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

6.4.1 General

To meet clock synchronization requirements in clause 5.6 of TS 22.104 [W], accurate reference timing delivery by a gNB to UEs is used.

6.4.2 Realizing accurate reference timing delivery

Accurate reference timing delivery is carried out using broadcast and/or 

unicast RRC signalling (similar to E-UTRAN approach in [X]). Granularity of the signalled reference timing is at most 50 ns and determination of exact value needs further evaluation. Section 6.3.5 

provides an analysis for synchronization accuracy achievable using accurate reference timing delivery.
�This is likely covered in Section 6.3.1


�Adding some text to not leave this section empty. 


I am also okay to say ‘void’ also.


�I propose to call this section Overall synchronization accuracy analysis and move it under 6.3.5 and it covers more than only protocol aspects.


�Makes sense


�Regarding Nokia’s comment to replace this with “The analysis of the synchronization accuracy achievable in NR system is based on the following:”, 





I prefer to avoid a reference to “NR system” since it could be argued that clock-gNB communication could be outside NR system or 5G system





So I have retained the wording from v1.





I have addressed handling of Ericcson comment in email


�It is odd to refer to the LS. There will be RAN1 TP for section 6.3.2, so we should refer to this section. If for some reason they will not agree the TP, we will correct this during an e-mail discussion after the meeting, but that is very unlikely.


�Okay


�Same as above, RAN3 will provide a TP for section 6.3.3, let’s refer to that.


�Wouldn’t RAN3 be providing TP for section 6.3.4? so, I have pointed to section 6.3.4.


�According to the conclusion, the network can choice either broadcast or unicast RRC signalling to deliver the accurate reference timing.


�Thanks for the comment. The suggested edit will be part of v2


�Please change the section number as per our comment above.


�Okay





