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Introduction
In RAN#81 the revised study item on NR Industrial Internet of Things (NR-IIoT, [1]) has been approved. The objectives of the study include some form of Time Sensitive Networking (TSN) related enhancements including the aspect of delivering accurate reference timing information to a UE through a 5G network. In this paper, we discuss different solutions to obtain time synchronization at the UE. 
[bookmark: _Ref178064866]Discussion
An NR-IIoT feature of interest is that of providing UE based applications (or applications residing in IIoT devices connected to a UE via ethernet ports) with reference time information derived from a source clock in a network external to a 5G network. The working assumption is that a UE needs to acquire the reference time in the form of a global clock or a local clock (e.g. GPS time or International Atomic Time or a local clock value only applicable to a specific factory, thereby allowing applications residing in diverse physical locations to coordinate the points in time when certain actions are to be performed). 
Precision Time Protocol (PTP) is a protocol defined by IEEE 1588-2008 to allow for synchronizing clocks throughout a computer network and can be used to realize the goal of providing a UE with reference time information. On a local area network PTP can be used to realize clock accuracy in the sub-microsecond range, making it suitable for use by NR-IIoT type applications requiring such precision.
 
There is a need for UEs to be provided with reference time information that is based on a global or local clock e.g. GPS time or International Atomic Time or a local clock value only applicable to a specific factory.

On a local area network PTP can be used to realize clock accuracy in the sub-microsecond range, making it suitable for use by NR-IIoT type applications requiring such precision.
Some candidate methods by which reference time information can be provided to a UE are as follows: 
Method 1: PTP/Ethernet based UE Reference Time Establishment at UE. In this method the 5G network supports the transmission of PTP messages (containing reference time information) to a gNB using ethernet PDUs and then over the radio interface to a UE also using ethernet PDUs.
Method 2: PTP/IP based Reference Time Establishment at UE. In this method the 5G network supports the transmission of PTP messages (containing reference time information) to a gNB using IP packets and then over the radio interface to a UE also using IP packets.
Method 3: SIB/RRC Based Reference Time Establishment at UE. In this method the gNB in a 5G network supports the transmission of reference time information to a UE using RRC messages or SIB messages. The means by which the gNB acquires the reference time could be as described for methods 1 or 2 above or it could be 5G specific (e.g. gNB has direct access to a GPS receiver).

Method 1 – PTP/Ethernet based Reference Time Establishment at UE
IEEE 1588 specifies a PTP Boundary clock function wherein PTP capable nodes exchange PTP sync messages thereby allowing a reference time value to be relayed from one node to another (i.e. each node is able to receive and generate PTP packets). 
· A gNB acquires reference time information from a source clock (e.g. GrandMaster clock in a TSN network) using PTP/Ethernet sync messages;
· The gNB then exchanges PTP sync messages with a UE using ethernet PDUs thereby allowing the UE to acquire reference time information and serve as a Boundary Clock node i.e. the UE may perform further PTP message exchanges with IIoT devices (using ethernet PDUs) to thereby provide them with reference time information.
The end to end use of PTP sync messages (e.g. GrandMaster node to UE) imposes the requirement that physical layer time stamping be supported wherein precise timing information applicable at the physical layer must be acquired. The precise timing information is then made available to higher layers and is included within ethernet PDUs thereby imposing this additional complexity in every node comprising the end to end path.
In addition, the exchange of the PTP sync messages between any two given nodes assumes the UL and DL signalling path delays (i.e. the delay as experienced at the ethernet PDU level) between them is the same. This imposes very strict requirements when such PTP sync messages are sent over the 5G radio interface even though such ethernet PDU delay symmetry can be considered feasible over the TSN portion of the end to end path.  
This method therefore imposes the complexity of hardware time stamping at both ends of the radio interface as well as excessively strict demands regarding UL and DL ethernet PDU delay symmetry and is therefore not considered to be desirable.

Using PTP/Ethernet sync message exchanges between a gNB and a UE for establishing a reference time at the UE is undesirable in light of corresponding hardware complexity and UL and DL ethernet PDU delay symmetry requirements. An end to end PTP/ethernet based method is not considered to be desirable.

Method 2 – PTP/IP based Reference Time Establishment at UE
This method considers the case where a gNB has acquired reference time information from a source clock (e.g. GrandMaster clock in a TSN network) using PTP sync messages carried using IP packets wherein IP based delivery of PTP sync messages is then used between the gNB and UE. Using PTP/IP message exchanges between a gNB and the node managing the source clock is undesirable considering the potential for asymmetry regarding uplink and downlink IP packet delays between these nodes.  As such method 2 is not considered to be desirable.
Using PTP sync message exchanges using IP based transport is undesirable considering the potential for asymmetry regarding uplink and downlink IP packet delays between any two nodes that exchange PTP sync messages. An end to end PTP/IP based method is not considered to be desirable.


Method 3 - SIB/RRC Based Reference Time Establishment at UE
[bookmark: _Toc524946176]This method assumes the gNB has access to a reference time which it forwards to a UE using an RRC-dedicated and SIB message specific to the 5G radio interface (i.e. PTP sync messages are not used over the radio interface for this method). This method raises the issue of how to ensure the accuracy of reference time information received by the UE still satisfies the target accuracy level which is further discussed in [2]. 
This method is seen to be very similar to that adopted for LTE Rel-15 wherein the reference time projected to apply when the end of SFNz occurs at the ARP (antenna reference point) is the reference time conveyed at the UE using SIB/RRC signaling. Considering typical multipath delays expected for a factory setting and corresponding TA resolution capabilities for small cell sizes it is expected that the combined inaccuracies introduced in conveying reference time from a gNB to a UE using this method will be less than 1µs.
Considering typical multipath delays expected for a factory setting and corresponding TA resolution capabilities for small cell sizes it is expected that the combined inaccuracies introduced in conveying reference time from a gNB to a UE will be less than 1µs.

Once a UE has obtained a reference time value from a gNB using a 5G specific method (i.e. PTP sync messages are not used between a UE and the gNB) it can act a local clock source (i.e. not the GrandMaster). In this case it further distributes the reference time value to as many NR IIoT devices as required using PTP sync messages sent using ethernet PDUs to ethernet connected IoT devices. However, given the short distances expected between the UE and NR IIoT devices the need for a formal PTP sync message based delivery of reference time information may not be needed. This can be left as an implementation specific issue and considered to be out of the scope of RAN2.
Once a UE has received a reference time value using a 5G specific method it can act as a local clock source (not the GrandMaster) and therefore further distribute the time reference value to as many IIoT devices as required using PTP sync messages sent using ethernet PDUs (implementation specific – out of scope of RAN2). 

RAN2 is focused primarily on the method by which a single reference time value can be delivered over the radio interface from a gNB to a UE and is unaware of any use cases wherein multiple reference time vales would need to be conveyed to a UE. It is therefore up to SA2/RAN3 to discuss the potential need for delivering multiple reference time values to a UE in support of use cases requiring multiple clock domains. One observation that can be noted is that a single reference time value delivered to a UE can be considered as a Global Time and supplemental offset values applicable to the Global Time can also be delivered and used by a UE to establish Working Clocks (if justified by use cases). 
From RAN2 point of view only the possibility delivering a single/individual “reference time” value from a gNB to UEs is being considered. It is therefore up to SA2/RAN3 to discuss the potential need for delivering multiple reference time values to a UE in support of multiple clock domains
Conclusion
The following observations have been made:
Observation 1: There is a need for UEs to be provided with reference time information that is based on a global clock (e.g. GPS time or International Atomic Time or a clock value only applicable to a specific factory.
Observation 2: On a local area network PTP can be used to realize clock accuracy in the sub-microsecond range, making it suitable for use by NR-IIoT type applications requiring such precision.
Observation 3: Using PTP sync message exchanges between a gNB and a UE for establishing a reference time at the UE is undesirable in light of corresponding hardware complexity concerns. An end to end PTP/ethernet based method is not considered to be desirable.
Observation 4: Using PTP sync message exchanges using IP based transport is undesirable considering the potential for asymmetry regarding uplink and downlink IP packet delays between any two nodes that exchange PTP sync messages. An end to end PTP/IP method is not considered to be desirable.
Observation 5: Considering typical multipath delays expected for a factory setting and corresponding TA resolution capabilities for small cell sizes it is expected that the combined inaccuracies introduced in conveying reference time from a gNB to a UE will be less than 1µs.
Observation 6: Once a UE has received a reference time value using a 5G specific method it can act as a local clock source (not the GrandMaster) and therefore further distribute the time reference value to as many NR IIoT devices as required using PTP sync messages sent using ethernet PDUs (implementation specific – out of scope of RAN2).
Observation 7: From RAN2 point of view only the possibility delivering a single/individual “reference time” value from a gNB to UEs is being considered. It is therefore up to SA2/RAN3 to discuss the potential need for delivering multiple reference time values to a UE in support of multiple clock domains
The simplest method for establishing a reference time value at the UE that also satisfies reference time accuracy targets is seen to be that of using Method 3 wherein a 5G specific method is used for conveying reference time information from a gNB to a UE. Thus, we propose that 
Proposal 1	The simplest method for establishing a reference time value at the UE that also satisfies reference time accuracy targets is seen to be that of (a) a gNB first acquiring reference time information (out of scope of RAN2) and (b) using a RRC-dedicated and a SIB based message specific to the 5G radio interface to convey reference time information from a gNB to a UE. 
Proposal 2: RAN2 should send an LS to SA2/RAN3 informing them of the following:
· RRC dedicated and SIB based message are to be used for delivery of reference time information from a gNB to UE (i.e. PTP sync messages are not exchanged between a UE and the gNB).
· RAN2 is working on a Uu solution for reference time transmission from a gNB to a UE and therefore it is out of the scope of RAN2 regarding how a gNB gets reference time value and how a UE distributes the reference time to local NR IIoT devices.
· From RAN2 point of view only the possibility delivering a single/individual “reference time” from a gNB to UEs is being considered. It is therefore up to SA2/RAN3 to discuss the potential need for delivering multiple reference time values to a UE in support of multiple clock domains.

Proposal 3: Capture the text proposal from Section 5 in the TR 38.825. 
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[bookmark: _Toc525833426]6.4.X	An overview of UE time synchronization methods
Precision Time Protocol (PTP) is a protocol defined by IEEE 1588-2008 to allow for synchronizing clocks throughout a computer network and can be used to realize the goal of providing a UE with reference time information. On a local area network PTP can be used to realize clock accuracy in the sub-microsecond range, making it suitable for use by NR-IIoT type applications requiring such precision.
Some candidate methods by which reference time information can be provided to a UE are as follows: 
Method 1: PTP/Ethernet based UE Reference Time Establishment at UE. In this method the 5G network supports the transmission of PTP messages (containing reference time information) to a gNB using ethernet PDUs and then over the radio interface to a UE also using ethernet PDUs.
Method 2: PTP/IP based Reference Time Establishment at UE. In this method the 5G network supports the transmission of PTP messages (containing reference time information) to a gNB using IP packets and then over the radio interface to a UE also using IP packets.
Method 3: SIB/RRC Based Reference Time Establishment at UE. In this method the gNB in a 5G network supports the transmission of reference time information to a UE using RRC messages or SIB messages. The means by which the gNB acquires the reference time could be as described for methods 1 or 2 above or it could be 5G specific (e.g. gNB has direct access to a GPS receiver).

[bookmark: _GoBack]The simplest method for establishing a reference time value at the UE that also satisfies reference time accuracy targets is seen to be method 3 that (a) a gNB first acquiring reference time information (out of scope of RAN2) and (b) using a RRC-dedicated and a SIB based message specific to the 5G radio interface to convey reference time information from a gNB to a UE.

6.4.X.1	Method 1 – PTP/Ethernet based Reference Time Establishment at UE
IEEE 1588 specifies a PTP Boundary clock function wherein PTP capable nodes exchange PTP sync messages thereby allowing a reference time value to be relayed from one node to another (i.e. each node is able to receive and generate PTP packets). 
· A gNB acquires reference time information from a source clock (e.g. GrandMaster clock in a TSN network) using PTP/Ethernet sync messages;
· The gNB then exchanges PTP sync messages with a UE using ethernet PDUs thereby allowing the UE to acquire reference time information and serve as a Boundary Clock node i.e. the UE may perform further PTP message exchanges with IIoT devices (using ethernet PDUs) to thereby provide them with reference time information.
The end to end use of PTP sync messages (e.g. GrandMaster node to UE) imposes the requirement that physical layer time stamping be supported wherein precise timing information applicable at the physical layer must be acquired. The precise timing information is then made available to higher layers and is included within ethernet PDUs thereby imposing this additional complexity in every node comprising the end to end path.
In addition, the exchange of the PTP sync messages between any two given nodes assumes the UL and DL signalling path delays (i.e. the delay as experienced at the ethernet PDU level) between them is the same. This imposes very strict requirements when such PTP sync messages are sent over the 5G radio interface even though such ethernet PDU delay symmetry can be considered feasible over the TSN portion of the end to end path.  
This method therefore imposes the complexity of hardware time stamping at both ends of the radio interface as well as excessively strict demands regarding UL and DL ethernet PDU delay symmetry and is therefore not considered to be desirable.

6.4.X.2	Method 2 – PTP/IP based Reference Time Establishment at UE
This method considers the case where a gNB has acquired reference time information from a source clock (e.g. GrandMaster clock in a TSN network) using PTP sync messages carried using IP packets wherein IP based delivery of PTP sync messages is then used between the gNB and UE. Using PTP/IP message exchanges between a gNB and the node managing the source clock is undesirable considering the potential for asymmetry regarding uplink and downlink IP packet delays between these nodes.  As such method 2 is not considered to be desirable.
6.4.X.3	Method 3 - SIB/RRC Based Reference Time Establishment at UE
This method assumes the gNB has access to a reference time which it forwards to a UE using an RRC-dedicated and SIB message specific to the 5G radio interface (i.e. PTP sync messages are not used over the radio interface for this method). 
This method is seen to be very similar to that adopted for LTE Rel-15 wherein the reference time projected to apply when the end of SFNz occurs at the ARP (antenna reference point) is the reference time conveyed at the UE using SIB/RRC signaling. Considering typical multipath delays expected for a factory setting and corresponding TA resolution capabilities for small cell sizes it is expected that the combined inaccuracies introduced in conveying reference time from a gNB to a UE using this method will be less than 1µs.
Once a UE has obtained a reference time value from a gNB using a 5G specific method (i.e. PTP sync messages are not used between a UE and the gNB) it can act a local clock source (i.e. not the GrandMaster). In this case it further distributes the reference time value to as many NR IIoT devices as required using PTP sync messages sent using ethernet PDUs to ethernet connected IoT devices. However, given the short distances expected between the UE and NR IIoT devices the need for a formal PTP sync message based delivery of reference time information may not be needed. This can be left as an implementation specific issue and considered to be out of the scope of RAN2.
RAN2 is focused primarily on the method by which a single reference time value can be delivered over the radio interface from a gNB to a UE and is unaware of any use cases wherein multiple reference time vales would need to be conveyed to a UE. It is therefore up to SA2/RAN3 to discuss the potential need for delivering multiple reference time values to a UE in support of use cases requiring multiple clock domains. One observation that can be noted is that a single reference time value delivered to a UE can be considered as a Global Time and supplemental offset values applicable to the Global Time can also be delivered and used by a UE to establish Working Clocks (if justified by use cases). 





