
SA WG2 Meeting #129bis
S2-1811830
November 26 - 30, 2018, West Palm Beach, USA
(was S2-181xxxx)
Source:
Nokia, Nokia Shanghai Bell, Qualcomm Incorporated
Title:
Overall evaluation and conclusion of key issues 3.2
Document for:
Discussion/Approval

Agenda Item:
6.15.2
Work Item / Release:
FS_Vertical_LAN/Rel-16
Abstract of the contribution: This paper provides an overall evaluation and conclusion for key issues 3.2 for Time sensitive communication.
1
Discussion

There are 3 solution options documented in the TR:
· Solution #11: Options for time synchronisation using TSN. (Two solution options are available within solution #11)
· Solution #17: Deterministic Delay QoS Class for Time Synchronization Support of 3GPP Network
· Solution #19: Time Synchronization between UE and TSN
Comparison between the 3 solution options:

Solution #17 requires deterministic delay QoS class from 5GS as a prerequisite for transparent PTP signaling. Providing deterministic delay in TSN time scale means that both UPF and UE must be first synchronized with TSN GM to mitigate e.g. frequency error between 5G GM and TSN GM, thus Solution 11: Option 3 is a prerequisite for Solution #17. In this case there is nothing left to be synchronized by a Solution #17.

Solution #19 intends to exploit GTP and PDCP protocols for carrying timestamps in N3 and Uu interfaces, respectively. As a pre-condition UE, RAN and UPF needs to be time synchronized with 5G GM, using e.g. Solution 11: Option 3 for TSN GM. Enabling mitigation of impact of clock drift of TSN clock for gPTP messages by e.g. SPS scheduling, gNB may need to be synchronized with TSN clock. 

Solution #11 assumes UPF can be synchronized with external TSN GM through underlying transport network (which is out of scope of 3GPP). The UPF needs to be synchronized because it is a prerequisite for 5GS acting as a time aware relay according to 802.1AS-rev that all user plane nodes are synchronized. 
The comparison for different options for time synchronization is summarized in Table 1, and key differences are discussed next. 
 

Table 1 – Comparison for options on time synchronization

	
	Solution #11
	Solution #17
	Solution #19

	
	Option 1
	Option 2
	
	

	Utilization of fine frame structure of NR
	No
	Yes
	Pre-requisite
	Pre-requisite

	Utilization of SIB broadcast/RRC unicast
	No
	Yes
	Pre-requisite
	Pre-requisite

	UE specific 802.1AS messages over Uu via PDSCH/PUSCH
	Yes *)
	No
	Yes *)
	Yes *)

	Requires timestamping of GPTP messages
	No
	No
	No
	Yes *)

	Requires timestamping of PDCP messages
	No
	No
	No
	Yes *)

	Number of supported gPTP time domains
	Many
	Many
	Many
	Many

	gPTP slave clock entity in gNB synchronized with TSN clock via underlying transport network
	N.A.
	Yes
	Pre-requisite
	N.A.?

	gPTP slave clock entity in UPF synchronized with TSN clock via underlying transport network
	Yes
	Yes
	Pre-requisite
	Yes.

	gPTP master entity in UE synchronized with TSN clock 
	Yes
	Yes
	Pre-requisite
	Yes.

	Whole 5GS as IEEE 802.1AS compliant time aware system
	No, performance issues expected *)
	Yes
	As a link
	Performance? *)

	Prone to PDSCH/PUSCH jitter and delay asymmetry impacting to synchronization.
	Yes *)
	No
	No
	Yes*)

	Other
	
	
	Solution #11: Option 2 is a pre-requisite.
	Solution #11: Option 2 for 5G GM is a pre-requisite.


*) key issues and challenges

Solution #11: Option 1 has the challenge that 802.1AS messages transported over Uu will need predictable and symmetric latency. Second challenge is on scalability, when 8021.1AS messages are needed individually for each UE.

In this comparison Solution #11: Option 2 does not have any known issues and it is proposed as a way forward for normative work. 
3
Proposal

The following changes are proposed to be applied to TR 23.734.
*** Start of changes ***

7
Overall Evaluation

Editor's note:
This clause will provide evaluation of different solutions.

7.x
Evaluation for key issue 3.2 “TSN Time Synchronization”

There are 3 solution options documented in the TR:

· Solution #11: Options for time synchronisation using TSN. (Two solution options are available within solution #11)
· Solution #17: Deterministic Delay QoS Class for Time Synchronization Support of 3GPP Network
· Solution #19: Time Synchronization between UE and TSN
Comparison between the 3 solution options:

Solution #17 requires deterministic delay QoS class from 5GS as a prerequisite for transparent PTP signaling. Providing deterministic delay in TSN time scale means that both UPF and UE must be first synchronized with TSN GM to mitigate e.g. frequency error between 5G GM and TSN GM, thus Solution 11: Option 3 is a prerequisite for Solution #17. In this case there is nothing left to be synchronized by a Solution #17.

Solution #19 intends to exploit GTP and PDCP protocols for carrying timestamps in N3 and Uu interfaces, respectively. As a pre-condition UE, RAN and UPF needs to be time synchronized with 5G GM, using e.g. Solution 11: Option 3 for TSN GM.  Enabling mitigation of impact of clock drift of TSN clock for gPTP messages by e.g. SPS scheduling, gNB may need to be synchronized with TSN clock. 
Solution #11 assumes UPF can be synchronized with external TSN GM through underlying transport network (which is out of scope of 3GPP). The UPF needs to be synchronized because it is a prerequisite for 5GS acting as a time aware relay according to 802.1AS-rev that all user plane nodes are synchronized. 
The comparison for different options for time synchronization is summarized in Table 1, and key differences are then discussed next. 
 

Table 1 – Comparison for options on time synchronization
	
	Solution #11
	Solution #17
	Solution #19

	
	Option 1
	Option 2
	
	

	Utilization of fine frame structure of NR
	No
	Yes
	Pre-requisite
	Pre-requisite

	Utilization of SIB broadcast/RRC unicast
	No
	Yes
	Pre-requisite
	Pre-requisite

	UE specific 802.1AS messages over Uu via PDSCH/PUSCH
	Yes *)
	No
	Yes *)
	Yes *)

	Requires timestamping of GPTP messages
	No
	No
	No
	Yes *)

	Requires timestamping of PDCP messages
	No
	No
	No
	Yes *)

	Number of supported gPTP time domains
	Many
	Many
	Many
	Many

	gPTP slave clock entity in gNB synchronized with TSN clock via underlying transport network
	N.A.
	Yes
	Pre-requisite
	N.A.?

	gPTP slave clock entity in UPF synchronized with TSN clock via underlying transport network
	Yes
	Yes
	Pre-requisite
	Yes.

	gPTP master entity in UE synchronized with TSN clock 
	Yes
	Yes
	Pre-requisite
	Yes.

	Whole 5GS as IEEE 802.1AS compliant time aware system
	No, performance issues expected *)
	Yes
	As a link
	Performance? *)

	Prone to PDSCH/PUSCH jitter and delay asymmetry impacting to synchronization.
	Yes *)
	No
	No
	Yes

	Other
	
	
	Solution #11: Option 2 is a pre-requisite.
	Solution #11: Option 2 for 5G GM is a pre-requisite.


*) key issues and challenges

Solution #11: Option 1 has the challenge that 802.1AS messages transported over Uu will need predictable and symmetric latency. Second challenge is on scalability, when 8021.1AS messages are needed individually for each UE.
Solution #17 and Solution #19 have a scalability challenge due to use of UE specific 8021.1AS messages through already synchronized 5G system.

In this comparison Solution #11: Option 2 does not have any known issues and it is proposed as a way forward for normative work. It is left up to RAN2 to determine feasibility to support unicast signaling.
8
Conclusions

Editor's note:
This clause will list conclusions that have been agreed during the course of the study item activities.
8.x
Conclusion for key issue 3.2
To enable support for Time Sensitive Communication, it is recommended to select solution 11 Option 2 as the basis for normative work. 
Furthermore, it is recommended that the signaling aspects e.g. on SIB and/or RRC for Option 2 of Solution 11 are left up to RAN2 to decide based on number of supported PTP clock domains requirement from SA1.

*** End of changes ***
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