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1. Introduction
RAN3#112e discussed the new QoS parameters i.e. survival time with the following conclusion. 
	The survival time is not applicable to aperiodic deterministic traffic in Rel.17.
The Survival Time is expressed as unit of time.
The minimum value for the Survival Time is 0.
WA: Supporting the Survival Time for both downlink and uplink pending to RAN2 progress
Open issues:
- The maximum value for the Survival Time is FFS.
Possible topics below are contribution driven:
- The extension of the Periodicity
- TSN services in acknowledgement mode


This document further discusses the remaining issue for the survival time.  
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
1) Survival Time for uplink
As described in section 5.27.2 of TS 23.501, the survival time maybe provided within the TSC Assistance Information, together with the flow direction. This implies that the survival time can be applied for UL, DL or both UL/DL case. 
Table 5.27.2-1: TSC Assistance Information (TSCAI)
	Assistance Information
	Description

	Flow Direction
	The direction of the TSC flow (uplink or downlink).

	Periodicity
	It refers to the time period between start of two bursts.

	Burst Arrival time (Optional)
	The latest possible time when the first packet of the data burst arrives at either the ingress of the RAN (downlink flow direction) or egress interface of the UE (uplink flow direction).

	Survival Time (Optional)
	It refers to the time period an application can survive without any burst, as defined in clause C.2.3 of TS 22.104 [105].



Meanwhile at RAN2#113 meeting, it was agreed that the survival time can be applied for UL. And RAN2 is investigating the UE based reactive solutions. 
RAN2 confirms that specification enhancement for survival time support may only needed for uplink.  Downlink is addressed by implementation and no specification impacts.  
[bookmark: OLE_LINK47]
Proposal 1: The working assumptions can be agreed, i.e. supporting the Survival Time for both downlink and uplink. 

2) Survival Time granularity and maximum value
[bookmark: OLE_LINK305]In the baseline CRs, Survival Time IE is defined with the editor’s note. 
	[bookmark: _Hlk44434664][bookmark: _Toc44497773][bookmark: _Toc45108160][bookmark: _Toc45901780][bookmark: _Toc51850861][bookmark: _Toc56693865][bookmark: _Toc64447409][bookmark: _Toc66286903]9.2.3.xxx	Survival Time
This IE provides the Survival Time for a TSC QoS flow (see TS 23.501 [7]). 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Survival Time
	M
	
	[bookmark: OLE_LINK42][bookmark: OLE_LINK41][bookmark: OLE_LINK43][bookmark: OLE_LINK45][bookmark: OLE_LINK49]INTEGER (0..6400000 (FFS), …)
	Expressed in units of 1 us (FFS).


Editor’s note: The maximum value and the time unit granularity for the Survival Time are FFS.



[bookmark: OLE_LINK152][bookmark: OLE_LINK158]As depicted in the TS 22.104, the survival time can as large as 180s (see the annex part 5), since the maximum value is calculated by the three times of period ranging from 100ms to 60s. However, at last RAN2-114-e meeting, it was agreed that only the top 3 rows from TS 22.104 will be considered. 
Agreements:
1	RAN2 takes the performance requirements of the top 3 rows of Table 5.2-1 from TS 22.104 (transfer interval = survival time = 0.5/1/2ms)
[bookmark: OLE_LINK46]We understand that for future-proof purpose, the survival time maximum value can be set larger than 2ms, but no need to extend to as much as 180s. At this stage, the maximum value can be set as 6400000 us or so. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK546]Considering the periodicity is in us granularity, the granularity of time unit for the Survival Time can be set in unit of us as well. Therefore, the corresponding RAN3 impact includes:  
· [bookmark: OLE_LINK545]the granularity for the Survival Time can be set as microsecond.
· [bookmark: OLE_LINK44]the maximum value of “survival time” can be set as 6400000 us.
Proposal 2: [bookmark: OLE_LINK169]Remove the editor note so that the maximum value for the survival time is 6400000 us and the granularity is in unit of microsecond. 

3) Periodicity
In TS 38.413, the TSCAI periodicity is set from 0~640000us. Based on the above agreement made in RAN2, only the top three rows in TS 22.104 will be considered. Hence there is no need to extend the periodicity. 
Proposal 3: [bookmark: OLE_LINK48]No need to extend the maximum value for the TSCAI periodicity. 

4) Survival time in acknowledge mode
On the acknowledge mode, since a lot companies think this can be addressed in other groups first, below just provide some more background information without proposal proposed. 
Currently, the survival time is signalled separately in the uplink and downlink for one Qos flow, but handled by the NG-RAN node independently. For example, 
[bookmark: OLE_LINK629][bookmark: OLE_LINK517][bookmark: OLE_LINK514]- 	If SMF send the survival time (value = 1 period) in the uplink for the Qos flow, NG-RAN would only improve the reliability transmission once one uplink burst transmission fails. 
[bookmark: OLE_LINK519]-	If SMF send the survival time (value = 1 period) in the downlink for the Qos flow, NG-RAN would only improve the reliability transmission once one downlink burst transmission fails. 
[bookmark: OLE_LINK516][bookmark: OLE_LINK520][bookmark: OLE_LINK518][bookmark: OLE_LINK627]But there are TSN service in acknowledgment mode at the application layer. For these services, the TSN server first sends the downlink burst then expects the uplink burst as the acknowledge. In this case, only if the expected uplink burst as an ACK has been received, the TSN sever consider the downlink burst has been transmitted successfully. Therefore, the problem is that the NG-RAN only improve the reliability transmission for either direction (either the uplink or the downlink), but not handled in a joint way. This problem is depicted in the following figure.
[image: ]
[bookmark: OLE_LINK628]Figure 1. Survival time expires in case of the acknowledge mode TSN traffic.
[bookmark: OLE_LINK177]Observation 1. The NG-RAN node may fulfil the survival time requirements either the uplink or downlink, but cannot meet the TSN services in acknowledge mode.  
[bookmark: OLE_LINK175][bookmark: OLE_LINK168]Therefore, it is necessary to be aware of the feedback relationship between the uplink burst and the downlink burst of the single QoS flow for NG-RAN. One straight thinking, the SMF obtain this relationship from Application function and send it to the NG-RAN. When one packet in either direction loses, NG-RAN can improve the reliability transmission for both direction. 
[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
Based on the discussion in this paper, we propose the following:
Observation 1. The NG-RAN node may fulfil the survival time requirements either the uplink or downlink, but cannot meet the TSN services in acknowledge mode.  
Proposal 1: The working assumptions can be agreed, i.e. supporting the Survival Time for both downlink and uplink. 
Proposal 2: Remove the editor note so that the maximum value for the survival time is 6400000 us and the granularity is in unit of microsecond. 
Proposal 3: No need to extend the maximum value for the TSCAI periodicity. 
[bookmark: _Toc423020280]
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	[bookmark: _Toc384916784][bookmark: _Toc384916783][bookmark: _Toc535237692][bookmark: _Toc534900834][bookmark: _Toc525567067][bookmark: _Toc525567631][bookmark: _Toc5694163][bookmark: _Toc20954837]Change Begins



[bookmark: _Toc14207674][bookmark: _Toc20954286][bookmark: _Toc29902290][bookmark: _Toc29906294][bookmark: _Toc36550284][bookmark: _Toc45832550][bookmark: _Toc51763830][bookmark: _Toc64449000][bookmark: _Toc66289659]9.3.1.142	TSC Assistance Information
This IE provides the TSC assistance information for a TSC QoS flow in the uplink or downlink (see TS 23.501 [21]). 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Periodicity
	M
	
	9.3.1.143
	Periodicity as specified in TS 23.501 [21].
	-
	

	Burst Arrival Time
	O
	
	9.3.1.144
	Burst Arrival Time as specified in TS 23.501 [21].
	-
	

	Survival Time
	O
	
	9.3.1.aaa
	Survival Time as specified in TS 23.501 [21].
	YES
	ignore



<Unchanged Text Omitted>


9.3.1.aaa	Survival Time
This IE indicates the Survival Time of the TSC QoS flow as defined in TS 23.501 [9]. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Survival Time
	M
	
	INTEGER (0.. 6400000, …)
	Survival Time expressed in units of 1 us.




[bookmark: _GoBack]<Unchanged Text Omitted>

3GPP
5. Annex – TS 22.104
[bookmark: OLE_LINK525][bookmark: OLE_LINK526]Table 5.2-1: Periodic deterministic communication service performance requirements
	[bookmark: _Hlk70071076][bookmark: _Hlk78461664]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

	99.999 % to 99.999 99 %
	~ 10 years

	< transfer interval value
	–
	50
	500 μs 
	500 μs
	≤ 75 km/h
	≤ 20
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	–
	40
	1 ms 
	1 ms
	≤ 75 km/h
	≤ 50
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	–
	20
	2 ms 
	2 ms
	≤ 75 km/h
	≤ 100
	50 m x 10 m x 10 m
	Motion control (A.2.2.1)

	[bookmark: _Hlk78449801]99.999 9 %
	–
	< 5 ms
	1 kbit/s (steady state)
1.5 Mbit/s (fault case)
	< 1,500
	< 60 s 
(steady state)
≥ 1 ms (fault case)
	transfer interval
	stationary
	20
	30 km x 20 km
	[bookmark: OLE_LINK148]Electrical Distribution – Distributed automated switching for isolation and service restoration (A.4.4); (note 5) 

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 10 ms
	10 ms
	-
	5 to 10
	100 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2); (note 9)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value (note 5)
	50 Mbit/s
	
	≤ 1 ms
	3 x transfer interval
	stationary
	2 to 5
	100 m x 30 m x 10 m
	Wired-2-wireless 100 Mbit/s link replacement (A.2.2.4)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value (note 5)
	250 Mbit/s
	
	≤ 1 ms
	3 x transfer interval
	stationary
	2 to 5
	100 m x
30 m x 10 m
	Wired-2-wireless 1 Gbit/s link replacement (A.2.2.4)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< transfer interval value
	
	1 k
	≤ 50 ms
	50 ms
	-
	5 to 10
	1,000 m x 30 m x 10 m
	Control-to-control in motion control (A.2.2.2); (note 9)

	> 99.999 9 %
	~ 10 years
	< transfer interval value
	–
	40 to 250
	1 ms to 50 ms (note 6) (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99.999 9 % to 99.999 999 %
	~ 1 month
	< transfer interval value
	–
	40 to 250
	4 ms to 8 ms (note 7)
	transfer interval value
	< 8 km/h (linear movement)
	TBD
	50 m x 10 m x 4 m
	Mobile control panels – remote control of e.g. assembly robots, milling machines (A.2.4.1); (note 9)

	99.999 999 %
	1 day
	< 8 ms
(note 14)
	250 kbit/s
	40 to 250
	8 ms
	16 ms
	quasi-static; up to 10 km/h
	2 or more
	30 m x 30 m
	Mobile Operation Panel: Emergency stop (connectivity availability) (A.2.4.1A)

	99.999 99 %
	1 day
	< 10 ms
(note 14)
	< 1 Mbit/s
	<1024
	10 ms
	~10 ms
	quasi-static; up to 10 km/h
	2 or more
	30 m x 30 m
	Mobile Operation Panel: Safety data stream (A.2.4.1A)

	99.999 999 %
	1 day
	10 ms to 100 ms
(note 14)
	10 kbit/s
	10 to 100
	10 ms to 100 ms
	transfer interval
	stationary
	2 or more
	100 m² to 2,000 m²
	Mobile Operation Panel: Control to visualization (A.2.4.1A)

	99.999 999 %
	1 day
	< 1 ms
(note 14)
	12 Mbit/s to 16 Mbit/s
	10 to 100
	1 ms
	~ 1 ms
	stationary
	2 or more
	100 m²
	Mobile Operation Panel: Motion control (A.2.4.1A)

	99.999 999 %
	1 day
	< 2 ms 
(note 14)
	16 kbit/s (UL)
2 Mbit/s (DL)
	50
	2 ms
	~ 2 ms
	stationary
	2 or more
	100 m²
	Mobile Operation Panel: Haptic feedback data stream (A.2.4.1A)

	99.999 9 % to 99.999 999 %
	~ 1 year
	< transfer interval
	–
	40 to 250

	< 12 ms (note 7)
	12 ms
	< 8 km/h (linear movement)
	TBD
	typically 40 m x 60 m; maximum 200 m x 300 m
	Mobile control panels -remote control of e.g. mobile cranes, mobile pumps, fixed portal cranes (A.2.4.1); (note 9)

	[bookmark: _Hlk70071258]99.999 9 % to 99.999 999 %
	≥ 1 year
	< transfer interval value
	–
	20
	≥ 10 ms (note 8)
	0
	typically stationary
	typically 10 to 20
	typically ≤ 100 m x 100 m x 50 m
	Process automation – closed loop control (A.2.3.1)

	99.999 %
	TBD
	~ 50 ms  
	–
	~ 100
	~ 50 ms
	TBD
	stationary
	≤ 100,000
	several km2 up to 100,000 km2
	Primary frequency control (A.4.2); (note 9)

	99.999 %
	TBD
	~ 100 ms
	–
	~ 100
	~ 200 ms
	TBD
	stationary
	≤ 100,000
	several km2 up to 100,000 km2
	Distributed Voltage Control (A.4.3) (note 9)

	> 99.999 9 %
	~ 1 year
	< transfer interval value
	–
	15 k to 250 k
	10 ms to 100 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots – video-operated remote control (A.2.2.3)

	[bookmark: OLE_LINK524]> 99.999 9 %
	~ 1 year
	< transfer interval value
	–
	40 to 250
	40 ms to 500 ms (note 7)
	transfer interval value
	≤ 50 km/h
	≤ 100
	≤ 1 km2
	Mobile robots (A.2.2.3)

	99.99 %
	≥ 1 week
	< transfer interval value
	–
	20 to 255
	100 ms to 60 s (note 7)
	[bookmark: OLE_LINK149]≥ 3 x transfer interval value
	typically stationary
	≤ 10,000 to 100,000
	≤ 10 km x 10 km x 50 m
	Plant asset management (A.2.3.3)

	>99.999 999 %
	> 10 years
	< 2 ms
	2 Mbit/s to 16 Mbit/s
	250 to 2,000
	1 ms
	transfer interval value
	stationary
	1
	< 100 m2
	Robotic Aided Surgery (A.6.2)

	>99.999 9 % 
	> 1 year
	< 20 ms
	2 Mbit/s to 16 Mbit/s
	250 to 2,000
	1 ms
	transfer interval value
	stationary
	2 per 1,000 km2
	< 400 km (note 12)
	Robotic Aided Surgery (A.6.2)

	>99.999 %
	>> 1 month 
(< 1 year)
	< 20 ms
	2 Mbit/s to 16 Mbit/s
	80
	1 ms
	transfer interval value
	stationary
	20 per 100 km2
	< 50 km (note 12)
	Robotic Aided Diagnosis (A.6.3)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< 0.5 x transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5 ms
> 2.5 ms
> 1.7 ms
(note 10)
	0
transfer interval
2 x transfer interval
(note 10)
	≤ 6 km/h (linear movement)
	2 to 8
	10 m x 10 m x 5 m;
50  m x 5 m x 5 m
(note 11)
	Cooperative carrying – fragile work pieces; (ProSe communication) (A.2.2.5)

	99.999 9 % to 99.999 999 %
	~ 10 years
	< 0.5 x transfer interval
	2.5 Mbit/s
	250
500 with localisation information
	> 5 ms 
> 2.5 ms
> 1.7 ms (note 10)
	0
transfer interval
2 x transfer interval
(note 10)
	≤ 12 km/h (linear movement)
	2 to 8
	10 m x 10 m x 5 m;
50 m x 5 m x 5 m
(note 11)
	Cooperative carrying – elastic work pieces; (ProSe communication) (A.2.2.5)

	NOTE 1:	One or more retransmissions of network layer packets may take place in order to satisfy the communication service availability requirement.
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 3:	Length x width (x height).
NOTE 4:	(void)
NOTE 5:	Communication includes two wireless links (UE to UE).
NOTE 6:	This covers different transfer intervals for different similar use cases with target values of 1 ms, 1 ms to 10 ms, and 10 ms to 50 ms.
NOTE 7:	The transfer interval deviates around its target value by < ±25 %.
NOTE 8:	The transfer interval deviates around its target value by < ±5 %.
NOTE 9:	Communication may include two wireless links (UE to UE).
NOTE 10:	The first value is the application requirement, the other values are the requirement with multiple transmission of the same information (two or three times, respectively).
NOTE 11:	Service Area for direct communication between UEs. The group of UEs with direct communication might move throughout the whole factory site (up to several km²). 
NOTE 12:	Maximum straight-line distance between UEs. 
NOTE 12a:	It applies to both UL and DL unless stated otherwise.
NOTE 13:	It applies to both linear movement and rotation unless stated otherwise. 
NOTE 14:	The mobile operation panel is connected wirelessly to the 5G system. If the mobile robot/production line is also connected wirelessly to the 5G system, the communication includes two wireless links.
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