SA WG2 Temporary Document
Page 1


[bookmark: OLE_LINK4][bookmark: OLE_LINK3][bookmark: OLE_LINK2][bookmark: _GoBack]SA WG2 Meeting #132	S2-1903635
8~12 April, 2019, Xi’an, China	

Source:	Samsung
Title:	Enhancements to 5GS for support of TSC
Document for:	Discussion and Agreement
Agenda Item:	6.15.2
Work Item / Release:	Vertical_LAN / Rel-16
Abstract of the contribution: This contribution proposes how burst size is mapped to MDBV, the need of survival time, the clock the periodicity and burst arrival time refer to, and Burst Arrival Time usage. 
Discussion
At the previous meeting, SA2#131, several editor’s notes are derived regarding TSC QoS support.

1. Editor’s note: Burst size is needed for TSC QoS flows but how Burst size maps to MDBV is FFS.

· Periodicity refers to the time period between start of two bursts [1].
· MDBV denotes the largest amount of data that the 5G-AN is required to serve within a period of 5G-AN PDB (i.e. 5G-AN part of the PDB) [1].
In a Periodicity, a Burst enters RAN. The RAN should serve the Burst within 5G-AN PDB, if we map the Period to the sum of UE residence time, PDB, and UPF residence time. In that case, we can map Burst size to MBDV by definition. 

Proposal 1. Remove the E.N. and put the following into the text.
If we map the Period to the sum of UE residence time, PDB, and UPF residence time, we can map Burst size to MBDV.

2. Editor’s note: need for other parameters (e.g. survival time) FFS.

The survival time indicates the time that an application consuming a communication service may continue without an anticipated message. Once a message is not successfully delivered, message loss of the next message within the survival time is tolerable. Therefore, the survival time relaxes the QoS requirement on reliability. gNB scheduler may use this information efficiently for resource allocation, e.g. increasing spectral efficiency by decreasing MCS level or intentional discard of some message which does not affect the QoS requirement. 
When the message size is small enough, so that a message is delivered by a packet, we can map a massage loss to a packet loss [2]. When only 5G is the only medium between two communication service interfaces, which have no errors, the Service Availability can be expresses as follows.
· Service Availability = 1-PER^(1+Loss Tolerance), Loss Tolerance = Integer not exceeding ((Survival Time)/(Transfer Interval))
For example, if PER = p, Service Availability ≥ 0.999999, Survival Time=10ms, and Time Interval = 10ms, then, 1-p^2 ≥ 0.99999999 ⇔ p ≤ 0.001 ⇔ PER=0.001. Let us call this case as case 1 for later use.
GBR QoS Flows with Delay critical GBR resource type, a packet which is delayed more than PDB is counted as lost, and included in the PER unless the data burst is exceeding the MDBV within the period of PDB or the QoS Flow is exceeding the GFBR [1].
In Semi-Persistent Scheduling CAC, a slot overlap means a packet loss. If overlaps happen less frequently than once per time interval and survival time, the Service Availability can be expresses as follows.
· Service Availability = (1-PER^(Loss Tolerance)) * (CAC overlap probability)
In case 1, if real PER = 10^-5, then (CAC overlap probability) ≤ 10^-1. It means that less than 1 slot overlap per 10 slots is acceptable in CAC.
In dynamic scheduling, a packet with delay larger than AN PDB means a packet loss. If a packet with delay larger than AN PDB happen less frequently than once per (time interval and survival time), the Service Availability can be expresses as follows.
· Service Availability = (1- PER^(Loss Tolerance)) * (Probability of a packet with delay larger than AN PDB)
In case 1, if real PER = 10^-5, the Probability of a packet with delay larger than AN PDB ≤ 10^-1. It means that less than 1 scheduling failure per 10 time intervals is acceptable in dynamic scheduling.

Proposal 2. Remove the E.N. and put the survival time description into the text or into the table.

3. Editor’s note: Which clock the periodicity and burst arrival time refer to is FFS.

From the Periodicity and Burst Arrival Time definitions, we can derive the followings.
· Periodicity ≥ E2E Delay ≥  PDP > AN PDB
· In UL case, Burst Arrival Time at the egress interface of the UE can be achieved by adding UE residence time to Burst Arrival Time at UE. That is, the time error is UE residence time.
· In DL case, Burst Arrival Time at the ingress of the RAN can be achieved by adding UPF residence time and CN PDB to Burst Arrival Time at UPF. That is, the time error is the sum of UPF residence time and CN PDB.

We can derive the followings depending on the 5G and TSN synchronization methods.

In case of synchronization Solution #11 Option 3 or Solution #28:
· DL : The periodicity and burst arrival time referring to TSN while gNB schedules packets based on 5GS clock. (Let us call it as case A.)
· In semi-persistent scheduling case: gNB can decide the period based on the Periodicity if the frequency difference between 5GS clock and TSN clock is negligible. However, gNB needs to adjust start time of the resources without referring to the Burst Arrival Time. 
· In dynamic scheduling case: gNB need not adjust start time of the resource. So gNB need not use the info of the periodicity and burst arrival time.
· UL : The periodicity and burst arrival time referring to TSN while gNB schedules packets based on 5GS clock. (Let us call it as case B.)
· In configured grants case: gNB can decide the period based on the Periodicity if the frequency difference between 5GS clock and TSN clock is negligible. However, gNB needs to adjust start time of the resources without referring to the Burst Arrival Time.
· In dynamic scheduling case: gNB need not adjust start time of the resource if UE gets enough resource to meet the PDP requirements. So gNB need not use the info of the periodicity and burst arrival time. 
In case of synchronization Solution #11 Option 2:
· DL : The periodicity and burst arrival time referring to TSN and gNB schedules packets based on TSN clock.
(If gNB schedules packets based on 5GS clock, then the same as case A.)
· In semi-persistent scheduling case: gNB can adjust the start time of the resource with the waste of the sum of UPF residence time and CN PDB.
· In dynamic scheduling case: gNB need not do adjust start time of the resource.
· UL : The periodicity and burst arrival time referring to TSN and gNB schedules packets based on TSN clock.
(If gNB schedules packets based on 5GS clock, then the same as case B.)
· In configured grants case: gNB can adjust the start time of the resource with the waste of the UE residence time.
· In dynamic scheduling case: gNB need not adjust start time of the resource if UE gets enough resource to meet the PDP requirements. So gNB need not use the info of the periodicity and burst arrival time. 

Proposal 3. Remove the E.N. and put the following into the text.
The periodicity and burst arrival time refer to the TSN clock. In case of synchronization Solution #11 Option 3 (or Solution #28), the periodicity can be used in configured grants or SPS case, while burst arrival time is not used. In case of sync Solution #11 Option 2, the periodicity can be used in configured grants or SPS case, and the burst arrival can be used for gNB to adjust the start time of the resource with the waste of the UE residence time in UL or the sum of UPF residence time and CN PDB in DL.

4. Editor’s note: It is FFS how the Burst Arrival Time is used by 5G System to determine information that can be used by NG-RAN for efficient scheduling.

· UL : To achieve Burst Arrival Time at the egress interface of the UE, UE residence time should be added to Burst Arrival Time at UE
· In Configured Grants case: gNB can adjust start time of resource with the jitter of UE residence time.
· In dynamic scheduling case: gNB need not adjust start time of the resource if UE gets enough resource to meet the PDP requirements.
· DL : To achieve Burst Arrival Time at the ingress of the RAN, UPF residence time and CN PDB should be added to Burst Arrival Time at UPF. So Burst Arrival Time at gNB - Burst Arrival Time at UPF ingress interface ≤ UPF residence time + CN PDB. It means that Burst Arrival Time at gNB has jitter of the sum of UPF residence time and CN PDB.
· In Semi-Persistent Scheduling case: gNB can adjust the start time of the resource with the jitter of UPF residence time and CN PDB.
· In dynamic scheduling case: gNB should do the scheduling with the requirements of AN BDB starting from the time when a packet arrives to gNB. So it need not utilize Burst Arrival Time, resulting in no additional delays in packet delivery.

Proposal 4. Remove the E.N. and put the following into the text.
In case of UL, gNB may adjust the start time of resource in configured grants by utilizing Burst Arrival Time with the jitter of UE residence time. In case of DL, gNB may adjust the start time of resource in SPS by utilizing Burst Arrival Time with the jitter of UPF residence time and CN PDB.
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Conclusion
Update 23.501 clause to remove the Editor’s Notes and add descriptions as proposal 1 through 4.
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