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*** Start of changes (all new text) ***
[bookmark: _Toc528790918]7	Evaluation
Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
7.x	Evaluation for key issue 3.2
Among the solutions to key issue #3.2 (time synchronization to support TSN):
· solution #17 presents feasibility challenges according to the RAN1 reply LS R1-1901442,
· solution #19 is a special case of solution #28,
· solution #11 option 3 (#11.3) is merged with solution #28, and 
· solution #11 option 4 (#11.4) is a special case of solution #11 option 2 (#11.2).
Therefore, this consolidated evaluation focuses on solution #11.2 (pointing out the specifics of #11.4 when needed) and solution #28. The evaluation compares the following aspects of #11.2 and #28: compliance with IEEE 802.1AS-Rev, support for multiple working clock domains, complexity introduced to 5GS nodes, support for efficient TSCAI-based scheduling at gNB, and support for bi-directional transport of time-synchronization information. 
IEEE 802.1AS-Rev compliance
For a solution to be IEEE 802.1AS-Rev compliant, the logical TSN bridge should be able to process the incoming gPTP messages and generate outgoing gPTP messages in a way to appear as a time-aware relay on its external interfaces. In particular, the egress Sync messages should preserve the preciseOriginTimestamp of the GM and should include the correctionField calculated based on the residence time and rateRatio, as specified in IEEE 802.1AS-Rev. Solution #11.2 describes a mechanism for the preciseOriginTimestamp preservation and for the correctionField calculation (where this calculation is performed directly in TSN clock domain) and, therefore, it is 802.1AS-Rev compliant. Solution #28 preserves the preciseOriginTimestamp, but doesn’t describe how is the correctionField calculated based on the residence time measurements performed in the 5G clock domain (this residence time shall be converted to the TSN domain since the two may use different timescales, and shall be scaled by the rateRatio). Therefore, amendments to #28 are needed in order to be 802.1AS-Rev compliant.
Support for multiple working clock domains
Support for SIB signaling and RRC signaling allow multiple working clock domains to be supported by solution 11#2. Solution #11.2 can also leverage #11.4 (multiple working clock domains merged into a single 5G clock domain e.g., through normal BMCA operation) when the number of domains exceeds SIB capacity. The number of clock domains that solution 28 supports is limited by the capacity on timestamping and duplication towards UEs at UPF/TT. 
Support for admission control and efficient TSCAI-based scheduling at gNB
It should be noted that the TSN clock(s) are assumed to be dynamically and frequently drifting. With the solution #11.2, gNB has the knowledge of TSN clock(s), thus it can generate and estimate expected traffic pattern based on TSCAI. Based on this, efficient scheduling and admission control can be supported. In order for RAN to support admission control based on TSCAI, it needs to know this information before QoS flow establishment (I.e. before the first packet arrives in the NG-RAN).
With the solution #28, gNB is unaware of TSN clock(s) and scheduling is performed in 5G clock domain. This means that scheduler may not be able to exploit TSCAI (e.g. burst arrival time, periodicity) due to frequent and dynamic time drifts between the 5G clock and TSN clock. Therefore, RAN has to overprovision resources or perform scheduling based on the observed traffic pattern. In other words, TSCAI is not usable with solution #28, also supporting efficient scheduling for deterministic application is questionable unless RAN monitors observed traffic pattern (which can be quite complex). Even then the NG-RAN will not be able to exploit this solution for supporting admission control.
Complexity introduced to 5GS nodes
With the solution #11.2, gNB needs to track (multiple) external clocks (one software instance per TSN clock to track the clock w.r.t. local 5G clock - no additional hardware needed). With the solution #28, gNB is not required to track TSN clock(s), but scheduling is more complex in case of drift between 5G and TSN clocks because TSCAI needs to be aligned with the drift. Solution #11.2 has no impact on UPF, while #28 requires timestamping of not only PTP, but potentially all incoming packets that can carry a PTP message. the UE side needs to extract the Time stamp information from all user plane packets.
Support for bi-directional transport of time-synchronization
Solution #11.2 supports unidirectional transfer of Sync messages from UE to UPF. Hence, the port of the logical 5GS time-aware relay that is associated with the UPF-side TT can only be configured as a “Slave” port, and the TSN GM must be located on the UPF-side In the special cases of #11.4, the 5GS acts as a TSN GM, hence all ports are configured as “Master” ports. Solution #28 supports bidirectional Sync transfer, hence TSN GM can be either on UPF- or UE-side.
A summary of the comparison between solutions #11.2 and #28 is provided in the table below: 

	Requirement
	Synchronization solution

	
	#11.2
	#28

	IEEE802.1AS compliance
	Yes (with preciseOriginTimestamp preservation mechanism)
	No (correctionField is based on 5G clock)

	Support for multiple time-domains
	Yes, but limited by SIB capacity (FFS RAN2). Mitigation with time domain merging with #11.4. 	Comment by Koziol, Dawid (Nokia - PL/Wroclaw): I agree with Devaki we can remove FFS, but please note that our previous evaluation was based on the version without origin time stamp preservation and we were reaching the SIB size limit. With time stamp preservation we nearly double the number of bits required for a single domain so we would be able to support ~16 time domains only.
	Yes

	Multi-domain scalability (air interface capacity at 32 users distributed over 32 TDs, single TS per UE)
	As supported by SIB and RRC signaling messaging, sync messaging can be reduced according to accuracy requirement and environment
	Signaling overhead cannot be controlled by 5GS, overhead is default 8 messages per second per UE per external TD
DL: ~300kbps / TD	Comment by Koziol, Dawid (Nokia - PL/Wroclaw): This should be per UE as well.
UL: ~3kbps / TD / UE

	Support for efficient TSCAI-based scheduling at gNB (RAN2 requirement)
	Yes, instant adjustment of scheduling resources with TSN clock drift (TSCAI includes TD information and TT residence times known to PCF)
	No, only slow adjustments to TSN clock drift with core/RAN network guidance (e.g. packet inspection for TSCAI correction)

	gNB complexity
	No hardware impact, one SW clock instance per each external clock being tracked
	Complexity due to TSCAI adjustments to compensate for the 5G-TSN clock drift

	UPF complexity
	No impact
	Timestamping of potentially all incoming packets that may carry a PTP message

	UE complexity
	?
	?

	Synchronization direction support
	Downlink only. Uplink support is possible extension via RRC.  
	Downlink and Uplink
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