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1	Introduction
In RAN2 #103bis meeting, we reached agreements as below that black box approach is preferred in RAN2 and sent a reply LS to SA2. 
Agreements for the SA2 LS reply

From RAN2 perspective: 
1 	We prefer Black Box approach and will indicate this to SA2.
2	Handling of packet arrival jitter will not be considered in performance evaluation without SA2 request. We will expect RAN1 to analyse latency and reliability.
3	SA2 and RAN3 should discuss whether any work is needed for time information delivery to the gNB.

Also, in RAN2#104 meeting, we agreed that LTE approach will be the baseline for TSN time distribution. 
We reuse the LTE approach for time distribution by broadcast RRC as a baseline, Unicast is FFS 
0.25us granularity can be starting point, FFS finer granularity than 0.25us

Since that, SA2 feedback us a LS [1], it indicates us that 5GS to be integrated as a black approach is concluded as an option for TSN network. In addition, they mentioned that RAN2 cannot assume the delay between ng-eNB/gNB and UPF is always negligible and that some budget should be available for non-radio interface. Thus, 5G QoS enhancements have to be supported to deliver deterministic QoS on the links between ng-eMN/gNB and UPF, and at handover. Also, SA2 requests RAN2 to give impact analysis regarding on solution#11 option2, solution#11 option3 solution#11 option4 solution#17, solution#19 and solution#28 as described in [2]. Moreover, SA2 request RAN2 to feedback on the scalability on the radio interface for solutions require transport of gPTP time synchronization messages using per-UE unicast transport over the air. 
This paper conducted the related feasibility impact analysis as requested by SA2. Based on that, we discussed which solution is suitable for TSN network that has relatively small impact on gNB and UE. Finally, the parts of current specification that need enhancement were discussed and the proposals were provided in order to realize the TSN network using corresponding solution.
[bookmark: _Ref178064866]2	Discussion
2.1	Feasibility impact analysis  
Based on the candidate solutions from SA2 LS [2], we provided the analysis results shown in the Table I and II as below. 
For solution 11 option2, it takes C-plane signaling approach. gNB is needed to be directly synchronized to TSN master clock via PTP protocol. Also, gNB broadcast/unicast TSN clock time to UE and achieve accurate synchronization with UE utilizing its fine radio frame. The demerit of this approach is when quality of clock is bad as mentioned in [3] clause 6.11.1, there may need quite frequently broadcasting of TSN time information to UE. For the worst case (TSN GM of stratum-4 class is 32 ppm related to 5G GM), the current SIB periodicity seems not sufficient (e.g. for clock drift of 32 per second, in order to meet 500 accuracy considering backhaul synchronization inaccuracy, the SIB periodicity needs to be 10ms). In such a sense, we need to enhance the SIB with shorter periodicity. Additionally, for achieving multi-clock domains, further enhancement of SIB9 such like by including multiple clock domains may be needed. The advantage of this approach is in case of a large number of UEs (up to 300) with few number of TSN time domains (e.g. 2 or 3 TSN clock domains), the gNB can broadcast time information to all UEs (or a group of UEs) with good resource efficiency.  
Observation1: For solution 11 option2, there exists impact for both gNB and UE. Also, further enhancement of shorter SI scheduling periodicity may be needed.
Observation2 : For solution 11 option2, it is advantageous in case of a large number of UEs with few number of TSN time domains.       
For solution 11 option3, it is a so called 5G black-box model as we discussed and agreed in the previous meeting. The advantage of this approach is that the whole 5G system can be kept untouched, the (g)PTP message go through U-plane data. So the only work for RAN2 is to enhance SIB9 with time information of finer granularity of 0.25us or higher. Also, since the (g)PTP message undergo through 5G system delivering to UE specifically, multiple clock domain is also achievable. However, the disadvantage of this approach is in case of a large number of UEs with few TSN time domains, by dedicatedly sending (g)PTP message (message size about 184bits) to all UEs, it will cost a large consumption of radio resource, thus it is very bad resource efficient from scheduling point of view. Furtherly, considering the bad quality clock case (stratum-4 class clock), more frequently exchanging of (g)PTP message between UE and TSN GM may be needed which may cause a burden for both gNB and UE.
Observation 3: For solution 11 option3, since the whole 5G system can be kept untouched, the RAN impact is relatively small. However, this approach is disadvantageous with a large number of UEs for bad radio resource efficiency.
For solution 28, different with solution 11 which take 5G system as a boundary clock, this approach take 5G system as a transparent clock. The feature of this approach is in case of multiple TSN clock domains use case, the gNB does not need to maintain the mapping of its internal clock to multiple TSN clocks (unlike solution 11 option2), but just add the residence time into the “correctionField” within the header of the PTP message. Another merit of this approach is that there is no need to synchronize 5G GM with TSN GM, so the clock drift between clocks can be not considered. However, in order to determine the residence time there needs other companion solutions to work together with this approach i.e. relying on 5G QoS class to get a fixed residence time inside the 5G system (solution 17) or ingress or egress timestamping for measuring the residence time of each PTP message. 
Observation 4: For solution 28, since the 5G GM does not need to be synchronized to TSN GM, the RAN impact is relatively small. However, this approach needs to work with companion solutions to measure the residence time inside 5G system. 

Table I solutions RAN impact analysis A
	Solution 
	gNB impact:

	UE impact & Spec impact

	Resource efficiency
	Multi-clock domain achievability

	Solution 11
option2
Take 5G system as a boundary Clock

	Yes 
gNB GM has to synchronize with TSN GM 
More frequently broadcasting SIB9 in case of bad quality clock

	△ medium impact
More frequently receiving SIB may cause battery consumption issue
SIB9 time accuracy enhanced to 0.25μs or higher

	Good 

	△ 
Spec impact: include multiple clock time in SIB9


	Solution 11
option3
Take 5G system as a boundary Clock

	No 

	△ medium impact
Frequently gPTP message exchange between UE and TSN GM may cause battery consumption issue and u-plane resource efficiency
SIB9 time accuracy enhanced to 0.25μs or higher
	Bad 
Bad resource efficiency due to unicast gPTP message to specific UE using user plane resource
Dependent on the number of UE
	Yes 

	Solution 28 
Take 5G system as a transparent clock

	No 
 
	△ medium impact
Frequently gPTP message exchange between UE and TSN GM may cause battery consumption issue and u-plane resource efficiency
SIB9 time accuracy enhanced to 0.25μs or higher
	Bad 
Unicast PTP message to specific UE
Dependent on the number of UE
	Yes 
Advantageous for multi-clock domains


※This analysis is based on consideration of using bad quality clock (i.e. TSN GM of stratum-4 class is 32 ppm related to 5G GM)
We separately gave impact analysis on solution17 and 19, since it focus on aspects which is less relative to RAN. Also, it is not like the solutions mentioned above taking 5G system as either boundary clock or transparent clock.
For solution 17, this approach introduces a new QoS class which gives a deterministic delay (both air and backhaul delay) and can be utilized to calculate the residence time inside 5G system. This QoS class also defines the parameters target delay, Loss tolerance and priority. Packets will be dropped either the scheduling is earlier or later than the target delay. The loss tolerance is a new parameter which defines a integer that successive packet dropping should not exceed. Priority is similar as existing 5G QoS class parameter. Since this approach has relatively small impact on RAN and can also work with solution 28 or solution 11 option3 to calculate the residence time in 5G system, furtherly SA2 requested that backhaul delay (between ng-eNB/gNB and UPF) cannot be negligible, we think this approach should be introduced for TSN network. 
Observation 5: Solution 17 has small impact on both gNB and UE.
For solution 19, this approach seems giving a big impact on the whole 5GS, since it needs timestamping on UPF, gNB and UE as shown in the Table II. It requires both gNB and UE to mark time stamps on PDCP/GTP layer and PDU layer. Since this approach gives a big impact to RAN, we do not suggest it for TSN network. 
Observation 6: Solution 19 gives a big impact to RAN, it is not preferable to introduce for TSN network. 
Table II  RAN impact analysis for solutions B
	Solution
	Overview
	gNB & UE Impact 

	Solution 17
	· Define a new QoS class which is different form 5G QoS characteristics 
· Target delay: sending a packet earlier than PDB is not allowed and sending a packet later than target delay is not allowed either
· Loss tolerance: new parameter
· Priority: same as the existing parameter

	Small impact


	Solution 19
	· UPF sends gPTP packet to UE (DL), it marks time stamp at both PDU layer and transport layer (GTP layer , PDCP layer)
· UE sends gPTP packet to UPF (UL), same time stamping approach as DL 

	Big impact on UPF, gNB, and UE 
· Impacts on UPF:
· UPF needs to mark two time stamps at two layers, one is PDU layer and the other is GTP layer.
· Impacts on NG-RAN:
· NG-RAN moves the time stamp marked at GTP layer to the PDCP layer for the downlink direction and vice versa for the uplink packet.
· Impacts on UE
· UE needs to mark two time stamps at two layers, one is PDU layer and the other is PDCP layer.
· UE needs to calculate the OFFSET of the TSN time based on the IEEE 802.1AS approach.




In summary, solution11 option2 has impact on gNB/UE while this approach is very radio resource efficient in case of a large number of UEs with few TSN clock domains. Solution11 option3 has a small impact on gNB/UE from specification point of view while this approach is radio resource inefficient in case of a large number of UEs. Solution 28 also has a small impact on gNB/UE from specification point of view while this approach is radio resource inefficient in case of a large number of UE with multiple TSN clock domains. For solution 17, this approach has a small impact on gNB/UE, and it is also useful to calculate the residence time of 5GS which can work together with solution 28. For solution 19, this approach has a big impact on gNB/UE. 
Based on the discussion above, which solution should be taken is dependent on the KPI (UE number, TSN clock domain number, radio resource efficiency and gNB/UE impact). From RAN point of view, in case of large number of UEs with few number of TSN working domains, the solution 11 option2 approach should be taken while in case of a small number of UEs with large number of TSN working domains, the solution 11 option3 or solution 28 is preferably to be adopted. 
Proposal1:    In case of large number of UEs with few TSN working domains, the solution 11 option2 approach should be taken and in case of a small number of UEs with multiple TSN working domains, the solution 11 option3 or solution 28 is preferably to be adopted.
For solution 11 option2, further enhancement may be needed such as shorter SI scheduling periodicity should be introduced to deal with clock drifting problem. Also, in case of multiple TSN working domains, current SIB should be enhanced to include multiple TSN time. 
Proposal2:  For solution 11 option2, enhance the SI scheduling for supporting shorter SI periodicity. 
Proposal3:  For solution 11 option2, enhance SIB by including multiple time information for supporting multiple TSN time domains.
[bookmark: _GoBack]
2.2 TSN Multi-clock domain
In [3] clause 5.6.1, it requires that 5G system shall support networks with up to 32 working clock domains. For solution 11 option4, this approach is specifically designed for multiple TSN time domains by linking all TSN time domains to one 5G clock. So both TSN clock and UE will receive time information from 5G GM. Thus, this approach gives a very limited use case that all TSN working domain must share a single time with 5G GM. Alternatively, solution 28 is advantageous for multi-clock domain. Since PTP message is exchanged between UE and TSN GM transparently through 5G system, there is few impact and complexity for 5G system. 
Observation7: For TSN multi-clock domains, it is preferable to adopt solution28 for its small impact on RAN.  
3. Conclusion
Based on the discussion in the previous sections, we made the following proposals: 
[bookmark: _In-sequence_SDU_delivery]Observation1: For solution 11 option2, there exists impact for both gNB and UE. Also, further enhancement of shorter SI scheduling periodicity may be needed. 
Observation2 : For solution 11 option2, it is advantageous in case of a large number of UEs with few number of TSN time domains.
Observation 3: For solution 11 option3, since the whole 5G system can be kept untouched, the RAN impact is relatively small. However, this approach is disadvantageous with a large number of UEs for bad resource efficiency.
Observation 4: For solution 28, since the 5G GM does not need to be synchronized to TSN GM, the RAN impact is relatively small. However, this approach needs to work with companion solutions to measure the residence time inside 5G system. 
Observation 5: Solution 17 has small impact on both gNB and UE.
Observation 6: Solution 19 gives a big impact to RAN, it is not preferable to introduce for TSN network. 
Observation7: For TSN multi-clock domains, it is preferable to adopt solution28 for its small impact on RAN.  


Proposal1:    In case of large number of UEs with few TSN working domains, the solution 11 option2 approach should be taken while in case of a small number of UEs with multiple TSN working domains, the solution 11 option3 or solution 28 is preferably to be adopted. 
Proposal2:    For solution 11 option2, enhance the SI scheduling for supporting shorter SI periodicity. 
Proposal3:    For solution 11 option2, enhance SIB by including multiple time information for supporting multiple TSN time domains.
Proposal4:    RAN2 to agree to capture the TP attached in section 4 in TR 38.825
Proposal5:    RAN2 to agree to send reply LS [4] to SA2.


4. Text proposal for TR 38.825
[bookmark: _Toc525833424]6.4	Accurate reference timing provisioning
Editor’s note: RAN2 responsibility with potential network interfaces impacts handled by RAN3
6.4.1. Solutions RAN impact analysis
In order to meet the synchronization requirements of TSN network TS22.104 [xx], multiple systematic high-level solutions are provided from SA2 TR23.734 [xx]. Black box model approach is preferable to be taken from RAN point of view. A RAN impact analysis of the candidate solutions was conducted and the results were shown as blow in Table I and II.
· Solution11 option2 has an impact on gNB/UE while this approach is radio source efficient in case of a large number of UEs with few TSN clock domains.
· Solution11 option3 has a small impact on gNB/UE from specification point of view while this approach is radio resource inefficient in case of a large number of UEs. 
· Solution 28 has small impact on gNB/UE from specification point of view while this approach is radio resource inefficient in case of a large number of UE with multiple TSN clock domains.
· For solution 17, this approach has small impact on gNB/UE, and it is useful to calculate the residence time of 5GS that can work together with solution 28. 
· For solution 19, this approach has a big impact on gNB/UE. 

Based on the analysis above, from RAN impact point view, the solution 11 option2 approach should be taken in case of large number of UEs with few TSN working domains while the solution 11 option3 or solution 28 is preferably to be adopted in case of a small number of UEs with multiple TSN working domains, 
Table I solutions RAN impact analysis A
	Solution 
	gNB impact:

	UE impact & Spec impact

	Resource efficiency
	Multi-clock domain achievability

	Solution 11
option2
Take 5G system as a boundary Clock

	Yes 
gNB GM has to synchronize with TSN GM 
More frequently broadcasting SIB9 in case of bad quality clock

	△ medium impact
More frequently receiving SIB may cause battery consumption issue
SIB9 time accuracy enhanced to 0.25μs or higher

	Good 

	△ 
Spec impact: include multiple clock time in SIB9


	Solution 11
option3
Take 5G system as a boundary Clock

	No 

	△ medium impact
Frequently gPTP message exchange between UE and TSN GM may cause battery consumption issue and u-plane resource efficiency
SIB9 time accuracy enhanced to 0.25μs or higher
	Bad 
Bad resource efficiency due to unicast gPTP message to specific UE using user plane resource
Dependent on the number of UE
	Yes 

	Solution 28 
Take 5G system as a transparent clock

	No 
 
	△ medium impact
Frequently gPTP message exchange between UE and TSN GM may cause battery consumption issue and u-plane resource efficiency
SIB9 time accuracy enhanced to 0.25μs or higher
	Bad 
Unicast PTP message to specific UE
Dependent on the number of UE
	Yes 
Advantageous for multi-clock domains


※This analysis is based on consideration of using bad quality clock (i.e. TSN GM of stratum-4 class is 32 ppm related to 5G GM)
Table II  RAN impact analysis for solutions B
	Solution
	Overview
	gNB & UE Impact 

	Solution 17
	· Define a new QoS class which is different form 5G QoS characteristics 
· Target delay: sending a packet earlier than PDB is not allowed and sending a packet later than target delay is not allowed either
· Loss tolerance: new parameter
· Priority: same as the existing parameter

	Small impact


	Solution 19
	· UPF sends gPTP packet to UE (DL), it marks time stamp at both PDU layer and transport layer (GTP layer , PDCP layer)
· UE sends gPTP packet to UPF (UL), same time stamping approach as DL 

	Big impact on UPF, gNB, and UE 
· Impacts on UPF:
· UPF needs to mark two time stamps at two layers, one is PDU layer and the other is GTP layer.
· Impacts on NG-RAN:
· NG-RAN moves the time stamp marked at GTP layer to the PDCP layer for the downlink direction and vice versa for the uplink packet.
· Impacts on UE
· UE needs to mark two time stamps at two layers, one is PDU layer and the other is PDCP layer.
· UE needs to calculate the OFFSET of the TSN time based on the IEEE 802.1AS approach.
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