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1	Decision/action requested
The group is asked to discuss and approve the proposal.
2	References
[1]	SP-211442: "New SID on deterministic communication service assurance"
[2]	TR 28.865: "Study on deterministic communication service assurance"; v0.3.1
[3]	3GPP TS 28.541: "5G Network Resource Model (NRM); Stage 2 and stage 3"; v18.0.0
[4]	TS 22.104: "Service requirements for cyber-physical control applications in vertical domains; stage 1"; v0.3.1
[5]	TS 22.261: "Service requirements for cyber-physical control applications in vertical domains; stage 1"; v18.8.0
[6]	SP-220981: "New Rel-18 WID Management Data Analytics phase 2"
[7]	TS 28.104: "Management and orchestration; Management Data Analytics (MDA)"; v17.1.1
[8]	TS 28.535: "Management services for communication service assurance; Requirements"; v17.5.0
[9]	TS 28.536: "Management services for communication service assurance; Stage 2 and stage 3"; v17.4.1
[10]	NG.116: "Generic Network Slice Template"; v7.0; 17 June 2022.

3	Rationale
This tdoc discusses the wayforward of FS_DCSA study [1, 2]. 
1. Service deployment
Definition of deterministic communications [4]:
Determinism refers to whether the delay between transmission of a message and receipt of the message at the destination address is stable (within bounds). Usually, communication is called deterministic if it is bounded by a given threshold for the latency/transmission time. In case of a periodic transmission, the variation of the interval is bounded.
New requirements related to FS_DCSA: extractions from TS 22.104 [4].
The 5G system shall be able to provide periodic deterministic communication with the service performance requirements for individual logical communication links that realise the communication services reported in Table 5.2‑1.
Table 5.2-1: Periodic deterministic communication service performance requirements
	Characteristic parameter
	Influence quantity
	

	Communication service availability: target value (note 1)
	Communication service reliability: mean time between failures
	End-to-end latency: maximum (note 2) (note 12a)
	Service bit rate: user experienced data rate (note 12a)
	Message size [byte] (note 12a)
	Transfer interval: target value (note 12a)
	Survival time (note 12a)
	UE 
speed (note 13)
	# of UEs
	Service area 
(note 3)
	Remarks


NOTE 2:	Unless otherwise specified, all communication includes 1 wireless link (UE to network node or network node to UE) rather than two wireless links (UE to UE).
NOTE 12a:	It applies to both UL and DL unless stated otherwise.
Discussions:
For service deployment of deterministic communicaitons, some additional requirements may be needed.
end-to-end latency [4, 5]:: the time that it takes to transfer a given piece of information from a source to a destination, measured at the communication interface, from the moment it is transmitted by the source to the moment it is successfully received at the destination.
dLLatency/uLLatency[3]: An attribute specifies the required DL/UL packet transmission latency (millisecond) through the RAN, CN, and TN part of 5G network and is used to evaluate utilization performance of the end-to-end network slice. See clause 6.3.1 of 28.554.
Latency from (last) UPF to Application Server[10]: This optional attribute specifies maximum or worst-case one-way latency between UPF, and application server offered by the slice. This does not include latency introduced by the application server….
The boundary of the “application server” is defined by the application domain, which may simply be a server, or may for example be front ended by a load balancer provided by the application
For deterministic communication, the end-to-end latency requirement is stringent and defined as the service performance, therefore the latency between the (last) UPF and application server should be considered. It is not reflected in existing ServiceProfile in TS 28.541 [3].
Transfer interval [4]: Periodic deterministic communication is periodic with stringent requirements on timeliness and availability of the communication service. A transmission occurs every transfer interval. 
Deterministic periodic communication: periodic communication with stringent requirements on timeliness of the transmission.
dLDeterministicComm/uLDeterministicComm [3]: An attribute specifies the properties of the deterministic communication in downlink/uplink for periodic user traffic, see clause 4.3 of TS 22.104.
An attribute periodicityList is included in the DeterminComm <<dataType>> for periodic deterministic communication. 
survival time [4, 5]: the time that an application consuming a communication service may continue without an anticipated message.
SurvivalTime [3]: An attribute specifies the time (millisecond) that an application consuming a communication service may continue without an anticipated message. See clause 5 of TS 22.104.
According to the requirements defined for periodic deterministic communications in [4], there are some relationships or constraints among the end-to-end latency, Transfer interval and SurvivalTime. These additional requirements should also be considered.
Activity patterns in automation [4]: Cyber-physical control applications in automation follow certain activity patterns, which are open-loop control, closed-loop control, sequence control, and batch control (see Clause 4.2).
Communication in automation in vertical domains follows certain communication patterns. The most well-known is periodic deterministic communication, others are aperiodic deterministic communication and non-deterministic communication.
According to different activity patterns and communication patterns, the communication means used need to be deterministic since typically an activity response from the receiver and/or the receiving application is expected. Additional service requirements for the receiver are also needed.

5G Timing Resiliency [4]: To enable support of many critical services within the 5G network, additional requirements and KPIs that enhance the 5G system with timing resiliency are specified in TS 22.261 [2] clauses 6.36 and 7.8. Those enhancements enable use of the 5G system for time critical services in collaboration with or as a backup to other timing solution such as loss or degradation of GNSS reference timing.
Synchronicity [3]: An attribute specifies whether synchronicity of communication devices is supported, two cases are most important in this context, see clause 3.4.29 of NG.116.
Additional requirements regarding 5G Timing Resiliency should be considered for deterministic communications.
Proposal 1: Some requirements related to deterministic communication service may need to be introduced for ServiceProfile/SliceProfile, e.g.,
· Latency from (last) UPF to Application Server;
· relationships or constraints among the end-to-end latency, transfer interval and survival time;
· communication patterns/activity patterns related attributes;
· 5G Timing Resiliency related attributes;

2. Network capability preparation
To support deterministic communication service, some network functions are defined in RAN and CN specifications and listed in clause 5.X.1 in TR 28.865 [2]. 3GPP management system are responsible to the preparation and configuration of the relevant network capabilities according to the service requirements of the consumer. Some of the network capabilities related to DCSA are described in Table 1. The value of these potential new attributes may be prepared with the assistance of eMDAS analytical services.
Table 1
	Category
	Attribute name
	Description

	Latency related network capability preparation
	resourcePattern
	The time frequency resource pattern for the determistic communication considering the TSCAI information obtained from the CN. 
The TSCAI provides time-sensitive communication assistance information to 5G RAN to support optimal scheduling of time-sensitive services.

	
	subframeProportion
	The uplink and downlink subframe proportion configuration. In order to meet latency requirement, appropriate uplink subframe numbers should be prepared for timely feedback. This is also useful for uplink focused services like video monitoring etc.

	Capacity related network capability preparation
	numOfPDUsessionsInLocationList
	The number of PDU session are strictly prepared with the mapping of corresponding service location in order to meet the deterministic characteristics.

	
	numOfUsersInLocationList
	The number of users are strictly prepared with the mapping of corresponding service location in order to meet the deterministic characteristics.

	Reliability related network capability preparation
	numOfAdditionalLinks
	The number of additional transmission links. Redundant transmissions should be configured for high reliability.

	
	typeOfAdditionalLink
	The following types of additional transmission links are supported: e2e, N3/N9, Transport:
- e2e:  Dual Connectivity based end to end Redundant User Plane Paths; 
- N3/N9:  Support of redundant transmission on N3/N9 interfaces;
- Transport: Support for redundant transmission at transport layer;

	
	maxRedundantTx
	Maximum number of redundant transmissions, e.g. 3 times of transmission of the same data packet within certain time duration without waiting for the reception of feedback from the receiver.



Proposal 2: 3GPP management system should provide the network capability preparation and configuration service for deterministic communication services, including precise latency, capacity and reliability related network capability preparation as listed in Table 1.

3. Service and network analysis
3GPP management system should provide the analytical information of network planning, service performance optimization and assurance related to deterministic communication service. eMDAS may be used for this purpose.
Network planning: Analyzing the required network capabilities and resources, coverage and capacity etc to meet the service requirements.
Service performance optimization and assurance: Identifying service experience and network performance degradation issues, demarcating the source and location of the issues, analysing the root causes, and providing analysis results.
Some potential information of the analytical report are listed as follows: 
· Latency issues which are out of time boundary constraints, e.g. latency of RAN or CN part exceeding the configured PDB (packet delay budget), jitter exceeds the predefined threshold etc; 
· Unstable burstArrivalTime issues;
· Unstable data transfer or reception interval issues;
· Throughput below the gurateed requirement etc;
· Positioning accuracy issues;
· Possible causes of the latency issues, e.g., coverage, interference, and parameter configurations etc;
· Demarcation and location results, e.g. interence issue in some specific gNBs, route selection issues for some UPFs etc. 
The corresponding network are optimized if needed based on the analytical report. The optimization results may be reported to the consumer for monitoring or further processing.
Proposal 3: 3GPP management system should provide the analytical information of network planning, service performance optimization and assurance related to deterministic communication service. eMDAS may be used for this purpose.
4	Detailed proposal
The proposed way forward of FS_DCSA study is as follows:
Proposal 1: Some requirements related to deterministic communication service may need to be introduced for ServiceProfile/SliceProfile, e.g.,
· Latency from (last) UPF to Application Server;
· relationships or constraints among the end-to-end latency, transfer interval and survival time;
· communication patterns/activity patterns related attributes;
· 5G Timing Resiliency related attributes;
Proposal 2: 3GPP management system should provide the network capability preparation and configuration service for deterministic communication services, including precise latency, capacity and reliability related network capability preparation as listed in Table 1.
Proposal 3: 3GPP management system should provide the analytical information of network planning, service performance optimization and assurance related to deterministic communication service. eMDAS may be used for this purpose.
