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According the LS from SA2 [1], SA2 asks RAN2 to evaluate the feasibility of TSN Time synchronization solutions, and RAN2 made the following agreements:
	FEASIBILITY
For solutions 17, R1 expresses feasibility concerns, and R2 concurs. 28x1 seems similar to 17 and the same feasibility concerns applies to it.
All other solutions seems feasible from R2 perspective (although all details are not known). 

PREFERENCE
The following Solution seems to have significant impact, i.e. [g]PTP time-stamping done in the AS protocol stack, and is due to this not preferred: 19. 
R2 would prefer that the User Plane AS protocol stack don’t need to interpret/understand information inside [g]PTP packets.
Assuming that [g]PTP timestamping is done outside the User Plane AS protocol stack the following solutions can be candidate solutions: 28x2, 11#2, 11#3, 11#4.

SCALABILITY
R2 has not fully assessed scalability for the different solutions, there are diverging company opinions. 


In this contribution, we provide our understanding on the feasibility of the solution 11#3. The description of the solution 11#3 can also be found in the Annex.
Discussion
Feasibility analysis of solution 11#3
Issue 1: Unclear translator behaviours for the outgoing gPTP message
According to the description of the solution 11#3 given in the TR 23.734 [2] and the LS [1], “the timing information (gPTP messages, including the information on the incoming sync message timestamping) can be carried to the UE as data packets (e.g. payload)”, and “the time stamp is based on the 5G internal system clock”. As the “5G time domain” is not synchronized with the “TSN time domain”, the UPF needs to translate the time information included in the gPTP message from the “TSN time domain” to the “5G time domain”, and send the gPTP message to the UE. For example, the time offset between the “5G time domain” and the “TSN time domain” could be 1us. When the “TSN time domain” clock of the UPF at the timing of 1ms, as the UPF needs to send the gPTP message based on the “5G time domain”, then the time stamp information of the gPTP message sent to the UE should be at the timing of 1.001ms. Assuming the transmission delay is 10ms within the 5G system from the UPF to the UE, the UE then will use the transmission delay to correct the time stamp in the gPTP message while sending the gPTP message to the next end station of the “TSN time domain”. However while the UE is sending the gPTP message to the next end station, the UE needs to correct the time offset between the “5G time domain” and the “TSN time domain”. However the UE does not know the time offset between the “5G time domain” and the “TSN time domain” according to the solution description (i.e. “the 5G internal system clock can be made available to UE with signalling of time information”), as the time information of the “TSN time domain” is unknown to the UE.
Observation 1: It is not clear how the UE translate the time information from the “5G time domain” to the “TSN time domain”.

Issue 2: Uncertain Uu transmission delay
According to the 802.1AS specification [3] as also quoted in the Annex C, each node corrects the time information in the gPTP sync message by using the transmission delay between the transmission node (i.e. “peer delay initiator”) and the reception node (i.e. “peer delay responder”). The transmission/propagation delay from the transmission node and the reception node is calculated by sending the Pdelay_Req, Pdelay_Resp and Pdelay_Resp_Follow_Up message between the transmission node and the reception node. After the calculation of the propagation delay, the transmission node sends the sync message including the propagation delay correction to the reception node. Then the reception node corrects the time information based on the time information included in the sync message.
As quoted in the Annex C, the calculation of the propagation delay is based on the assumption that the transmission delay of the Pdelay_Req message and the transmission delay of the Pdelay_Resp and Pdelay_Resp_Follow_Up message are equal. However the Uu interface transmission delay between the uplink and the downlink is different at any point of time. Then the calculated delay (including the Uu transmission) according the 803.1AS specification is not correct.
Observation 2: The propagation delay calculated via the 802.1AS may not be correct as the Uu interface transmission delay between the uplink and the downlink can be different at any point of time.
When the transmission node sends the sync message to the reception node, the transmission/propagation delay could also be changed in the Uu interface. Then the previous calculated propagation delay cannot be used to correct the time information in the sync message.
Observation 3: The previous calculated propagation delay cannot be used to correct the time information in the gPTP message, as the Uu interface transmission delay for either uplink or downlink could be changed at any point of time.
According to the analysis and observations given above, we consider that solution 11#3 could have some feasibility issue due to the uncertain Uu transmission delay. RAN2 can inform SA2 of at least the issues given in Observation 2 and 3.
Proposal: RAN2 is kindly requested to send an LS to SA2 to inform them of the observed issues for solution 11#3.
Conclusions
Based on the analysis given above, we have the following Proposals and Observations：
Observation 1: It is not clear how the UE translate the time information from the “5G time domain” to the “TSN time domain”.
Observation 2: The propagation delay calculated via the 802.1AS may not be correct as the Uu interface transmission delay between the uplink and the downlink can be different at any point of time.
Observation 3: The previous calculated propagation delay cannot be used to correct the time information in the gPTP message, as the Uu interface transmission delay for either uplink or downlink could be changed at any point of time.
Proposal: RAN2 is kindly requested to send an LS to SA2 to inform them of the observed issues for solution 11#3.
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Annex A
The following descriptions of the solution 11#3 is quoted for the SA2 LS [1]:
	2) One time-aware relay implemented with Solution#8 5G RAN is unaware of the TSN. The timing information from TSN working domain (external clock) is delivered via the UEs to the respective End stations.  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 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 to the UE as data packets (e.g. payload). The time stamp is based on the 5G internal system clock. (Refer Solution #11 Options 3).



Annex B
The following descriptions of the solution 11#3 is quoted for the SA2 LS [1]:
	
[bookmark: _MON_1605702845]
Figure 6.11.1-2a: 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.



Annex C
The following texts are extracted from “IEEE Std 802.1AS™-2011” [3]:
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Figure 11-1—Propagation delay measurement using peer delay mechanism
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‘The propagation delay measureJnent starts with the initiator issuing a Pdelay_Req message and generating a
timestamp. 1. The responder receives this message and timestamps it with fime 1. The responder returns a
Pdelay_Resp message and timestamps it with time 73. The responder retums the fime 1, in the Pdelay_Resp
‘message. and the fime 13 in a Pdelay_Resp_Follow_Up message. The initiator generates a fimesfamp, 73,
upon receiving the Pdelay_Resp message. The inifiator then uses these four timestamps to compute the
‘mean propagation delay as shown in Equation (11-1):
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where D is the measured mean propagation delay and the other quantities are defined in Figure 11-1.




