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1 Introduction
An LS is sent from SA2 to RAN1/2 on RAN impact analysis due to TSN [2]. In the LS, 6 different solutions for Key Issue #3.2 in TR23.734 are provided and the feasibility impacts from RAN perspective is requested. In addition, SA2 also would like to request feedback on the scalability on the radio interface for solutions that require transport of gPTP time synchronization messages using per-UE unicast transport over the air. 
In this contribution, we analyze the RAN2 impact on the solutions.
2 [bookmark: _Ref178064866]Discussion
2.1 Feasibility analysis
As mentioned in this LS, 6 different solutions are outlined as below with their elaborate description:
1) Conveying timing to the UE that act as boundary master clocks towards connected TSN device via 5G specific signalling, e.g. via 5G broadcast/5G unicast frame structure. 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 via direct connectivity with the TSN master clock, e.g. via underlying transport network by having an embedded TSN client within the gNB (this option does not use UE specific 802.1AS messages). (Refer Solution #11 Option 2)
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).
3) For multiple time domains: “Multiple time domains merged into one domain using 5G clock “, the UE only receives 5G timing information through gNB, and acts as master clock to the TSN end stations. In this solution each interface of the 5G system is seen by the connected TSN networks and by the End stations, as separate GMs, each of them operating in independent gPTP domains, but providing the same time to all the connected networks. (Refer Solution #11 Options 4).
4) 5GS gives deterministic delays between UPF and UE and 5GS acts as a link or as a TSN Bridge. When 5GS acts as a link, PTP messages containing clock information are passing through 5GS experiencing deterministic delays. 5GS need not perform any measurement/synchronization processes. When 5GS acts as a TSN bridge, the deterministic delays between UPF and UE make the residence time in 5GS be easily calculated so that 5GS can make proper correction of the PTP header’s “correctionField” with the residence time. (See Solution #17).
5) Based on the internal synchronization, the 5GS transparently pass the external PTP message through and makes proper correction of the PTP header’s “correctionField” with the known residence time (See solution #19).
4) 5GS acts as transparent clock with independent internal clock achieving common concept of time between UEs and UPF as well as among different UEs. This is to allow one-way measurement and control of the E2E delay (Refer Solution #28). 
As we understood, the solutions can be divided into two types:
· Solutions without unicast transport restriction：Solution #11 Option 2, where TSN reference time information is delivered to UE by SIB or dedicated RRC message;
· Solutions with unicast transport restriction：Solution #11 Option 3, Solution #11 Option 4, Solution #17, Solution #19, Solution #28, where packet with gPTP message or time stamp(s) is delivered to UE. 
And more comparison is made in the table below:
	
	
Solution #11 Option 2
	Options other than Solution #11 Option 2

	
	
	Solution #11 Option 3
	Solution #11 Option 4
	Solution #17
	Solution #19
	Solution #28

	Time information sent by
	SIB/RRC 
(broadcast/Unicast)
	Unicast 
	Unicast 
	Unicast 
	Unicast 
	Unicast 

	Time information
	TSN reference time
	802.1AS PTP messages
	802.1AS PTP messages
	802.1AS PTP messages
	Two time stamps, one is related to PDU layer, one is related to transport layer
	802.1AS PTP messages

	CP/UP impact on air interface
	CP impact
	UP impact
	UP impact
	UP impact
	UP impact
	UP impact

	UE needs to support gPTP-like procedure
	No
	Yes

	Yes

	Yes

	Yes,
Packet with 2 time stamp on two layers
	Yes


	Overhead
	Fixed overhead for broadcast method.
	Large overhead on  Uu interface;
Increased when UE number increased.
	Large overhead on  Uu interface;
Increased when UE number increased.
	Large overhead on  Uu interface;
Increased when UE number increased.
	Large overhead on  Uu interface;
Increased when UE number increased.
	Large overhead on  Uu interface;
Increased when UE number increased.

	Others
	· 
	Synchronization latency to TSN clock when UE turns to wake-up; 
Need to differentiate packets with data and packets with gPTP message
	Synchronization latency to TSN clock when UE turns to wake-up; 
Need TSN time domain information;
Need to differentiate packets with data and packets with gPTP message
	Synchronization latency to TSN clock when UE turns to wake-up;
Only support deterministic air delay and backhaul delay;
Need to differentiate packets with data and packets with gPTP message

	Synchronization latency to TSN clock when UE turns to wake-up;
Need to enhance PDCP layer;
Need to enhance PDU layer functionality, which is out of 3GPP scope;
Need to differentiate packets with data and packets with gPTP message
	Synchronization latency to TSN clock when UE turns to wake-up; Need to measure the residence time of each PTP message, or use fixed residence time similar as Solution #17;
Need to differentiate packets with data and packets with gPTP message



From the table, we can see that: Solution #11 Option 2 can be easily supported by current time synchronization mechanism only with some enhancement, e.g. introducing a new IE for TSN reference time delivery.
Secondly, from the table, we can see that: less air interface overhead is raised if Solution #11 Option 2 by using SIB is adopted.
Thirdly, some feasibility challenge may be introduced for Solution #17, since some restriction on deterministic delay is required and TSN QoS enhancement mechanism should be accomplished.
Fourthly, Solution#19 has too much impact to RAN2 spec, e.g. it needs to extend the functionality in PDCP layer. In addition, it is unclear how to collect the two time stamps at UE adaptor from PDCP layer, i.e. a new interface/procedure might is required between PDCP and adaptor on how to deliver the two time stamps from PDCP to UE adaptor.
[bookmark: _Toc947089][bookmark: _Toc948221][bookmark: _Toc950414][bookmark: _Toc950738][bookmark: _Toc955760][bookmark: _Toc1121940][bookmark: _Toc1121959][bookmark: _Toc864283][bookmark: _Toc873356][bookmark: _Toc873401][bookmark: _Toc874180][bookmark: _Toc1132303][bookmark: _Toc1132318][bookmark: _Toc1132325][bookmark: _Toc947090][bookmark: _Toc528863588][bookmark: _Toc528918165][bookmark: _Toc528918660][bookmark: _Toc528927284][bookmark: _Toc528927618][bookmark: _Toc864284][bookmark: _Toc873357][bookmark: _Toc873402][bookmark: _Toc874181]From RAN2 perspective, if solution #11 Option 2 is adopted, RAN2 can also use existing 5G internal time sync mechanism to make the TSN clock in UE be synchronized to the boundary TSN clock on RAN node. 
[bookmark: _Toc947091][bookmark: _Toc948222][bookmark: _Toc950415][bookmark: _Toc950739][bookmark: _Toc955761][bookmark: _Toc1121941][bookmark: _Toc1121960][bookmark: _Toc1132304][bookmark: _Toc1132319][bookmark: _Toc1132326]Solution #11 Option 3 & 4 requires the enhancement on user-plane.
[bookmark: _Toc873358][bookmark: _Toc873403][bookmark: _Toc874182][bookmark: _Toc948223][bookmark: _Toc950416][bookmark: _Toc950740][bookmark: _Toc947093][bookmark: _Toc955762][bookmark: _Toc1121942][bookmark: _Toc1121961][bookmark: _Toc1132305][bookmark: _Toc1132320][bookmark: _Toc1132327]Solution #17 is highly coupled with deterministic delay as it requires a certain delay within 5GS. It seems not feasible as it based on the assumption that TSN QoS enhancement mechanism is accomplished.
[bookmark: _Toc947094][bookmark: _Toc948224][bookmark: _Toc950417][bookmark: _Toc950741][bookmark: _Toc955763][bookmark: _Toc1121943][bookmark: _Toc1121962][bookmark: _Toc1132306][bookmark: _Toc1132321][bookmark: _Toc1132328]Solution #19 requires the support both from 3GPP and upper (i.e. PDU) layers rather than reusing IEEE 802.1 AS. It causes high complexity in PDCP layer. And it is unclear how to collect the two time stamps at UE adaptor from UE PDCP layer.
[bookmark: _Toc947095][bookmark: _Toc948225][bookmark: _Toc950418][bookmark: _Toc950742][bookmark: _Toc955764][bookmark: _Toc1121944][bookmark: _Toc1121963][bookmark: _Toc1132307][bookmark: _Toc1132322][bookmark: _Toc1132329]Solutions other than Solution #11 Option 2 requires the gPTP functionality to be visible by UE.  
[bookmark: _Toc947097][bookmark: _Toc1121947][bookmark: _Toc1121955][bookmark: _Toc1132310][bookmark: _Toc1132314][bookmark: _Toc1132332]RAN2 considers feasibility problem may be introduced for Solution #17, since it is highly coupled with deterministic delay.
[bookmark: _Toc1121948][bookmark: _Toc1121956][bookmark: _Toc1132311][bookmark: _Toc1132315][bookmark: _Toc1132333]RAN2 considers Solution#19 has too much impact to PDCP layer, and more details input is required from SA2 on how to collect the two time stamps at UE adaptor from UE PDCP layer.

2.2 Scalability analysis
In the LS, SA2 also request some feedback on the scalability on the radio interface for solutions that require transport of gPTP time synchronisation messages using per-UE unicast transport over the air. As we analysed in the table above, UP impact are to be introduced for solutions other than Solution #11 Option 2, and gPTP message are to be carried in data packet on the air interface. Considering gPTP message are not delivered on Uu interface in legacy system, enhancement are required if RAN2 need to support the mechanism on gPTP messages delivery by using unicast transport over the air. In addition, RAN need to consider the method to differentiate packets carried with data and packets carried with gPTP message. Thus, Compared to the efforts may be introduced for other solutions, Solution #11 Option 2 by using SIB is preferred since there is less specification impact and less air interface overhead introduced.
[bookmark: _Toc1121945][bookmark: _Toc1121964][bookmark: _Toc955766][bookmark: _Toc1132308][bookmark: _Toc1132323][bookmark: _Toc1132330]For scalability impact, gPTP messages transport over the air is not supported in legacy system.
[bookmark: _Toc1121946][bookmark: _Toc1121965][bookmark: _Toc1132309][bookmark: _Toc1132324][bookmark: _Toc1132331]It is unclear how to differentiate packets with data and packets with gPTP message for solutions other than Solution #11 Option 2.
[bookmark: _Toc1121949][bookmark: _Toc1121957][bookmark: _Toc1132312][bookmark: _Toc1132316][bookmark: _Toc1132334][bookmark: _Toc528856119][bookmark: _Toc528859472][bookmark: _Toc528863593][bookmark: _Toc528918167][bookmark: _Toc528918589][bookmark: _Toc528918663][bookmark: _Toc528927285][bookmark: _Toc528927611][bookmark: _Toc528927644]RAN2 need to consider enhancement mechanism on gPTP messages delivery by using unicast transport over the air if solutions other than Solution #11 Option 2 are approved by SA2.
[bookmark: _Toc873882][bookmark: _Toc947100][bookmark: _Toc948239][bookmark: _Toc950425][bookmark: _Toc950749][bookmark: _Toc950870][bookmark: _Toc955770][bookmark: _Toc1121950][bookmark: _Toc1121958][bookmark: _Toc1132313][bookmark: _Toc1132317][bookmark: _Toc1132335]RAN2 prefer Solution #11 Option 2 since there is less specification impact and less air interface overhead.
3 Conclusion
Based on the discussion above, we made the following observations:
Observation 1	From RAN2 perspective, if solution #11 Option 2 is adopted, RAN2 can also use existing 5G internal time sync mechanism to make the TSN clock in UE be synchronized to the boundary TSN clock on RAN node.
Observation 2	Solution #11 Option 3 & 4 requires the enhancement on user-plane.
Observation 3	Solution #17 is highly coupled with deterministic delay as it requires a certain delay within 5GS. It seems not feasible as it based on the assumption that TSN QoS enhancement mechanism is accomplished.
Observation 4	Solution #19 requires the support both from 3GPP and upper (i.e. PDU) layers rather than reusing IEEE 802.1 AS. It causes high complexity in PDCP layer. And it is unclear how to collect the two time stamps at UE adaptor from UE PDCP layer.
Observation 5	Solutions other than Solution #11 Option 2 requires the gPTP functionality to be visible by UE.
Observation 6	For scalability impact, gPTP messages transport over the air is not supported in legacy system.
Observation 7	It is unclear how to differentiate packets with data and packets with gPTP message for solutions other than Solution #11 Option 2.

And propose the following:
[bookmark: _GoBack]Proposal 1	RAN2 considers feasibility problem may be introduced for Solution #17, since it is highly coupled with deterministic delay.
Proposal 2	RAN2 considers Solution#19 has too much impact to PDCP layer, and more details input is required from SA2 on how to collect the two time stamps at UE adaptor from UE PDCP layer.
Proposal 3	RAN2 need to consider enhancement mechanism on gPTP messages delivery by using unicast transport over the air if solutions other than Solution #11 Option 2 are approved by SA2.
Proposal 4	RAN2 prefer Solution #11 Option 2 since there is less specification impact and less air interface overhead.
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