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1. Introduction
In the SID of Industrial Internet of Things (IoT) [1], Accurate reference timing delivery should be further studied, highlighted in the textbox as below:
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In this contribution, we will provide some initial considerations on TSN and provide relevant observations and proposals.
2. Discussion
Base on our understanding, there’re two main categories of I-IoT networks:
· Cat1: Over large areas with connection to PLMN (type-a network):
· High mobility: rail bound mass transit
· Low or no mobility:
· health care, smart city, building automation, centralized power generation
· Cat2: Over small area with low or no mobility, all nodes and UEs are highly synchronized, no connection to PLMN (type-b network):
· Factories of the Future
· Electric power distribution (all applications except secondary frequency control)
· Program Making and Special Events
Cat 1 look like conventional multi-cell network deployments with handovers across RAN nodes.
Cat 2 look more like single cell local network with non-conventional topologies (for cellular) like mesh, ring and daisy chain, including a mix of legacy Ethernet (e.g. EtherCAT®) and 5G devices. This category is also the most demanding in terms of stringent URLLC requirements.
For Cat 1 I-IoT network, if any enhancement is needed for network synchronization between the RAN nodes need to be further studied, that depends on whether there’s any further requirement to network synchronization compared to NR Rel-15. Therefore, we should evaluate the synchronization requirement for the use cases of I-IoT to see if the requirement could be satisfied in NR Rel-15. The evaluation work should be done in RAN1/RAN2.
Observation 1: the use cases of IIoT should be further evaluated to see if any further requirement to network synchronization between RAN nodes is needed. 

If there are more stringent synchronization requirements, RAN3 should further work on that, to work out some schemes to satisfy that synchronization requirements.

In LTE, we have ever discussed Network assisted synchronization schemes, and the potential solutions are captured in TR 36.898 [3], the solutions could be taken as the start point to realize the network assisted synchronization in NR to support I-IoT.

Observation 2: In LTE, some potential network assisted synchronization schemes have been discussed and capture in 36.898 [3].
Proposal 1: If needed, the solutions for LTE network assisted synchronization could be taken as the start point to support the accurate network synchronization requirements in NR to support I-IoT use cases.
For Cat 2 I-IoT network, all nodes and UEs should be highly synchronized in a small area. 
For the deployments that only a single cell or single RAN node is deployed, no further requirement to network synchronization.

Observation 3: For the deployments that only a single cell or single RAN node is deployed for some I-IoT use cases, no special requirement for network synchronization.

There’s a possible scenario, only one or part of the UEs could connect to RAN nodes, the UEs are connected to each other via mesh topology, as shown in the figure below.


[image: image2.emf]gNB

1588v2


UEs are mesh connected in a single node/cell network

In this case, how to synchronize between the UEs, and how to support UE-UE 5G link should be further studied. Maybe some relay like mechanism could be used.

Proposal 2: It should be clarified whether the scenario that only one or part of the cells are connected to the RAN node in an I-IoT network is possible.

Proposal 3: Whether and how to support accurate synchronization between the UEs is to be further studied.

According to the SID, we should also  study how to deliver the accurate reference timing except the network synchronization issue as discussed above. Deliver the accurate reference timing via system information or dedicated signalling are both possible, but the details should be further studied, we assume this should be studied in RAN2, and RAN3 will assist if needed.
Proposal 4: How to deliver the accurate reference timing should be studied in RAN2 first.
3. Conclusion 

This paper provided the initial considerations on Network synchronization and accurate reference timing delivery, some observations and proposals are provided as below:
Observation 1: the use cases of IIoT should be further evaluated to see if any further requirement to network synchronization between RAN nodes is needed. 

Observation 2: In LTE, some potential network assisted synchronization schemes have been discussed and capture in 36.898 [3].
Proposal 1: If needed, the solutions for LTE network assisted synchronization could be taken as the start point to support the accurate network synchronization requirements in NR to support I-IoT use cases.
Observation 3: For the deployments that only a single cell or single RAN node is deployed for some I-IoT use cases, no special requirement for network synchronization.

Proposal 2: It should be clarified whether the scenario that only one or part of the cells are connected to the RAN node in an I-IoT network is possible.

Proposal 3: Whether and how to support accurate synchronization between the UEs is to be further studied.

Proposal 4: How to deliver the accurate reference timing should be studied in RAN2 first.
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Time Sensitive Networking related enhancements:


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


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.


Ethernet header compression (RAN2):


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.). 


Definition of the requirements for a new header compression.


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
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