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Abstract of the contribution: This contribution addresses KI#3.2 TSN time synchronization aspects. 
Discussion

TR 23.734 [1] Solution #11 provides 3 options for 5G system to address time synchronization aspects, as described in section 6.11.1. However, all solutions will have impact on gNB to some extent. 
Option 2:  Conveying timing to the UE via 5G specific signalling, e.g. via 5G broadcast/frame structure. In this option, the 5G RAN utilizes its fine-frame structure (e.g. at PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information via direct connectivity with the TSN master clock, e.g. by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages).
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Figure x.  Option 2 in TR. 23.734

Option 3: Conveying timing though 5G to UE that act as boundary master clocks towards connected TSN device using 802.1AS messages and by exploiting 5G specific broadcast/unicast signalling to synchronize over Uu. In this option, the 5G RAN utilizes its fine-frame structure (e.g. below PHY symbol level) to convey precise timing to the UE. The 5G RAN receives the TSN timing information from the TSN master clock, e.g., via underlying transport network by using an embedded PTP slave entity within the gNB. Similarly, UPF is synchronized with TSN master clock with embedded PTP slave entity. In this option, the 5G system appears as an 802.1AS compliant entity that allows 5G system to use 802.1AS standardized signalling to exchange time information with neighbouring entities.

External TSN clock is made available for UEs when gNB is synchronized with TSN GM through underlying PTP capable transport network by using (g)PTP.
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Figure x.  Option 3 in TR. 23.734-030
Observation 1 Option 2 and Option 3 will have impact on gNB to some extent.  
To avoid impact on the gNB there can be modelling options for relaying an external clock to a UE that involve new UPF (e.g. transport network function at UPF) interaction with both the TSN and 5G network.
Proposal 1:  5G system is modelled as one time-aware relay, where gNB is not involved in 802.1AS.
Option X1-a: 5G system acts as one time-aware relay
One possible way to implement a solution where the 5G system still acts as a compliant TSN “time-aware relay” as figure xxx is shown. It is a type of “distributed boundary clock” implementation, or in a 802.1AS term “distributed time-aware relay”. Only the network elements at the edges of the 5G system (i.e., the UE on the left and the TP (transport network) function of the UPF on the right) need to support the IEEE 802.1AS operations. The 5G internal system clock will keep these network elements synchronized so that the timestamping of the gPTP event messages is done correctly. The 5G system has to handle the Best Master Clock Algorithm (BMCA, in particular handling the gPTP Announce messages), in order to properly the set up the state of the PTP ports and select the GM. The location of BMCA function can be considered as implementation dependent.  Given the specific operation described by the IEEE802.1AS, the actual timing operation consist in the processing of the correction field in the PTP sync message (as well as of the proper handling of the peer-to-peer delay operations). The correct operation is guaranteed by keeping the UE clock and the TP clock supporting the UPF, synchronous among them (in this case synchronous to the 5G internal system clock).
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Figure xxx.  5G system is modelled as one time-aware relay 

The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  This option assumes the 5G internal system clock (black clock) is made available to all nodes in the 5G system, thereby allowing the UPF (TP function) to relay the TSN external clock along with the information of the time stamp of the TP (using 5G internal system clock) to the UE.  The 5G internal system clock can be made available to the TP function at UPF through the underlying transport network between gNB and UPF. The 5G internal system clock can be made available to UE with signalling of time information related to absolute timing of radio frames (i.e. using SIB/RRC based methods described for LTE Rel-15). The timing information (gPTP messages, including the information on the incoming sync message timestamping) can be carried from the UPF to the UE as data packets (e.g payload). As an example, UPF can be configured with packet specific forwarding rules to do that. For a given PDU Session for that UE, one of the destination addresses could be specific to support the gPTP operation (note, specific Ethertype is allocated to PTP messages and could be used to simplify this operation).  When the timing information (e.g. TSN clock “follow_up” and “sync” messages) arrive at the UE, the UE adjusts the “follow_up” message based on the difference between time stamp of the UPF (TP) and of the UE (in this case taken when the sync message is sent to the End Station). The time stamp of UPF and UE are based on the 5G internal system clock.  
This solution has minimal impact on RAN. 
Option X1-b: one time-aware relay implemented with Solution#8
An alternative option can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will be minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, BMCA can be all implemented in the translator.  The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
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Figure xxx.  5G system is modelled as one time-aware relay using solution#8
* * * * Start of Change * * * *
6.11
Solution #11 

6.11.1
Description




The time stamp of UPF and UE are based on the 5G internal system clock.
Option X1: one time-aware relay implemented with Solution#8

An alternative option can be an implementation with 5G blackbox model as described by Solution#8. In such an implementation, the entire 5G system can be kept untouched, therefore there will be minimal impact on the 5G system nodes.  The translator/adaptor function located at the edge of 5G system, can take care all 802.1AS related functions.  For example, the (g)PTP support, time stamping, BMCA can be all implemented in the translator.  
It is a type of “distributed boundary clock” implementation, or in a 802.1AS term “distributed time-aware relay”. Only the network elements at the edges of the 5G system (i.e. translator/adaptor) needs to support the IEEE 802.1AS operations. The 5G internal system clock will keep these network elements synchronized so that the timestamping of the gPTP event messages is done correctly. The 5G system has to properly handle the BMCA (in particular handling the gPTP Announce messages) in order to properly the set up the state of the PTP ports and select the GM. Given the specific operation described by the IEEE802.1AS, the actual timing operation consist in the processing of the correction field in the sync message (as well as of the proper handling of the peer-to-peer delay operations).
The translator function can be implemented either as part of UPF/UE, or as a stand-alone entity.
 
[image: image6]
Figure x.  5G system is modelled as one time-aware relay using solution#8

The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  This option assumes the 5G internal system clock (black clock) is made available to all nodes in the 5G system and this is made available to the network translator/adaptor via the underlying PTP compatible transport network. The 5G internal system clock can be made available to UE with signalling of time information related to absolute timing of radio frames (i.e. using SIB/RRC based methods described for LTE Rel-15). The timing information (gPTP messages, including the information on the incoming sync message timestamping) can be carried from the UPF to the UE as data packets (e.g. payload). The time stamp of UPF and UE are based on the 5G internal system clock.
6.11.3
Impacts on Existing Nodes and Functionality

* * * * End of Changes * * * *
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