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++++++++++++ All New Text++++++++++++++++
Annex X 
Evaluation of Solution#11 option 2
TR 23.734 [1] Solution#11 option 2 has several drawbacks as described below:
It is not compliant with IEEE802.1AS.
It adds unnecessary functions and complexity to the gNB. This becomes even more evident when multiple domains need to be supported.
Requirement of gPTP (IEEE802.1AS) support in the gNB adds complexity. Note: gNB already should support the IEEE1588 Telecom profile as per G.8275.1. 
Support for Multiple TSN working domains
a. It has drawbacks for multiple domains which could lead to large complexity in the implementations at gNB. For supporting multiple clock domain, the RAN node needs to manage/track multiple PTP instances.
b. Support for multiple domain has been stated as a requirement. Even if addressing this requirement later in Rel 17, it does not change anything in the drawback of this solution since it just post-pones the problem. Therefore, it is not recommended to start with a solution that is not flexible to support future needs that are already defined.
Evaluation of Solution#11 option 3
One of the main concerns of Solution#11 option 3 is the scalability. The concern is about the option 3’s way of conveying timing information within 5GS (i.e. conveying gPTP messages via user plane), especially when large number of UEs are involved. 
gPTP messages are delivered with a frequency of typically 8 messages per second. The Solution#11 Option 3 proposes a signalling method that uses user plane unicast to carry the TSN timing information and ingress timestamp, which leads to the concern of extensive user plane traffic load on both N3 and Uu. 
R1-1901435 “reply LS on RAN impact analysis due to TSN” stated:
· If the payload size is small, scalability can be achieved more easily than if the payload size is large. 
· If the payload does not need to be transmitted frequently, scalability can be achieved more easily than if the payload needs to be transmitted frequently.

Regarding to the payload size aspect, both gPTP “Sync” message and “Follow_up” message are 44 octets, “delay” messages are 54 octets. For option 3, only “Sync” and “Follow_up” are necessary, therefore the payload size can be considered small. 
Regarding to the frequent transmission aspect, according to TS 22.104 [2], table 5.2-1, the 5GS should support the periodic traffic at user plane for the industrial applications. Time synchronization is a feature that is needed for such applications. The most critical industrial application has a 500μs interval (2000 messages / second) with a message size of 50 byte. If the 5G system / RAN must support such industrial traffic patterns at user plane anyway, then to handle the gPTP message at user plane should not be a problem. PTP only has a transfer interval of 125ms (8 messages / second).

Table 1. Periodic deterministic communication service performance requirements (extracted from TS 22.104, Table 5.2-1)
	Communication service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2)
	Message size [byte]
	Transfer interval: target value
	

	99,999 % to 99,99999 %
	~ 10 years

	< transfer interval value
	50
	500 μs 
	1 Motion control 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	40
	1 ms 
	2 Motion control 

	99,9999 % to 99,999999 %
	~ 10 years
	< transfer interval value
	20
	2 ms 
	3 Motion control

	> 99,9999 %
	~ 10 years
	< transfer interval value
	1k
	≤ 10 ms
	4 Control to control



Table 2 shows the overhead for 5GS to deliver the time sync message in user plane compared to the normal user plane traffic for motion control applications. For example, the 1st motion control application has a user plane data rate of 50byte/500μs = 100kByte/s, the gPTP data rate is around 2 * 50byte / 125ms = 800Byte/s; the overhead for 5GS to deliver the time sync message in user plane is 0.8%. The overhead is constant regardless to the number of UEs. In conclusion, the overhead of gPTP messages is considered to be insignificant. 5GS is very well capable to handle a rate of 800Byte/s, i.e. 1.6kb/s, for a UE, in order to provide a time-synchronization service.
Table 2. comparison Time sync overhead to the user plane data. 
	Message size [byte]
	Transfer interval: target value
	Application user plane data rate
	Application in [2]
	Time sync overhead

	50
	500 μs 
	800 kb/s
	1 Motion control 
	0.8%

	40
	1 ms 
	320 kb/s
	2 Motion control 
	2%

	20
	2 ms 
	80 kb/s
	3 Motion control
	8%

	1k
	≤ 10 ms
	≤ 800 kb/s
	4 Control to control
	≤ 0.8% 




Evaluation of Solution#11 option 4
Solution#11 option 4 provides a simple synchronization architecture, that is robust and reliable. This scheme may also be achieved as the result of option 3 (as result of the BMCA, best master clock algorithm) with specific configurations of the PTP parameters.
It may support multiple domains. However, the following prerequisites apply: 
a. the multiple working domains can be considered synchronous, and 
b. the 5GS clock can be accepted as the master for all the working domains.


Table 3. Comparison of Solution#11 options
	
	Solution#11
Option 2
	Solution#11
Option 3
	Solution#11
Option 4

	IEEE 802.1AS compliant
	No (preciseOriginTimestamp is not preserved)
	Yes
	Yes

	Impact on RAN
	Yes,
Add complexity (in order to support gPTP in addition to PTP)
Note* External TSN clock does not really have a direct cable to each gNB, TSN GM directly connected to gNB is a special case, should not be considered.
	No. 
	No

	Impact on 
UPF / TT

	Yes 
the TSN clock is connected to gNBs via PTP compatible underlying transport network between UPF/TT and gNBs.
	Yes, 
UPF/TT is synchronized with 5G GM, 
Requires timestamping for gPTP messages (based on the 5G clock)
	Yes, UPF is synchronized with 5G GM

	Impact on UE/TT 
	Yes
needs to support gPTP,
needs timestamping with TSN clock on the egress port. 

	Yes
needs to support gPTP, timestamping with 5G clock on the egress port
	Yes 
needs to support gPTP
timestamping with 5G clock

	Impact on 5G clock 

	Unclear, not mentioned.
	No
	No

	Complexity in the support of Multiple TSN working domains 
	Complexity to manage/tracking multiple clocks in the gNB (multiple PTP instances and multiple PLLs).
	No 
	No

	Multiple TSN working domain
	“separate” use case
	Unknown
	Yes
	N/A

	
	“merge” use case
	Unknown
	Yes 
	Yes
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