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Introduction
The SA2 concept of network slice with Area of Service (AoS) not matching TA boundaries was introduced as well as the concept to support a S-NSSAI partially in a RA. For connected mode these issues need to be resolved:

· How to handle PDU session in connected mode

· How to report the UE entering/leaving the area of support and availability to the AMF.

We will discuss this in reference to the case of NS-AoS not matching TA boundaries, but similar considerations apply for other cases. There are two basic solutions which are compared below:

Solution 1: where no PDU session context is kept in the gNB while UE moves in and out of the AoS. In this proposal, the UE entering /leaving the AoS therefore requires to use a location reporting triggered by AMF: every time the UE moves in and out of the AoS, the gNB needs to interact with the AMF and the AMF needs to interact with the one or more SMF(s) involved with that slice to signal this change and prompt the SMF to trigger an SM PDU session release/setup procedure to respectively release or restore the PDU session resources in the gNB and the UE. 
Solution 2: relies on the assumption that the gNB is anyway configured with AoS of the slice i.e. in which TA the slice is supported, and which cells have zero resources or not within a supporting TA (i.e. the cells where the slice is not available have zero resources for the slice). This can be leveraged by keeping track in the connected mode UE context of the PDU sessions that are linked to the partially allowed Network Slices and allowed network slices (even if deactivated) and ensure these are properly handled s the UE enters and exits the NS-AoS: deactivated upon exiting the NS-AoS and reactivated by the NG-RAN upon entering the NS-AoS (if they are still in the UE context, of course, as these may be removed by the CN at any time). 
This comparison between solution 1 and solution 2 is represented in the figure below for the intra-gNB case:
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Figure 1: intra-gNB Location Reporting (solution1) 

Figure 2: intra-gNB PDU Session Notify (solution 2)
It is obvious from the comparison above that solution 2 outperforms solution 1:

Solution 1 has 8 steps vs 4 steps for solution 2

Solution 1 has 3 AMF interactions (instead of 1) and 2 SMF interactions (instead of 1)

Solution 1 requires the AMF to constantly re-send the list of cells comprising the AoS to NB which can be long with big NGAP impact.

In addition the difference of performance shown above is multiplied by the number of PDU sessions and SMF(s) involved by the slice 1.
Observation 1: the solution 2 outperforms solution 1 in terms of signalling and processing in intra-gNB case

A totally equivalent analysis applies for the case that occurs as the S-NSSAI becomes unavailable, with the difference that the PDU session is deactivated in CN and the DRBs released with an indication from AMF to SMF to not release the GTP-U UL endpoints.

.

[image: image3.png]UE N8l gNB2 AMF SMF
T [
Step 0: UE outside AoS, PDU Step 0: UE outside AoS, PDU Ses:

Session 1 resources and

resources and context kept deactivated
context released in gNB1

ep 1: Location repofting Control (Aol

lst of cells or TA)

Step 2: UE enters AoS at intdr-gNB HO

step 3: Handover refuest (Ao
[Step 3: Handover rg

Stepd: Handover refjuest acknowledge

RRC HO command
Steps: RRC HO complete

> | step6: Path switghlrequest

Step?: Location Rgport (in Aol)

>

Step 8: reactivate pdu spssion 1
Step 9: PDU session|request (pdu session 1)
| Step 9: PDU sessionjrequest (pdu session 1)

Step 10: Create PDU session 1
context and setub PDU session 1
resources e.g. DRBs with UEs
ep 11: RRC Reconfiguratioh (DREs setup)

tep 12: PDU session fesponse (pdu session 1
t »




[image: image4.png]UE

gNB2 AMF SMF

Step 0: UE outside AoS, PDU
Session 1 resources released in
gNB1 but context kept in gNB1

RRC HO command

[

Step 0: UE outside AoS, PDU Session 1
resources and context kept deactivated

Step 1: UE enters AoS at intef-gNB HO

Step 2: Xn Handover request (PDU sessin 1 context w/o DRBs)
i —

Step 3: Create PPU se:
context and setyip PDU session 1
resources e.g. DRBs with UEs

n1

st

Step 5: RRC HO complgte

n Handover refuest acknowledge (sgtup DRBs of PDU sessio 1)

»|step 6: Path switch rel
>

quest (available slice 1 ¢r inside Aos slice 1)

Step 7: considersPDU sessions
of.





Figure 3: inter-gNB Location Reporting (solution1) 

Figure 4: inter-gNB PDU Session Notify (solution 2)

The difference between solution 2 and solution 1 is even more visible for the inter-gNB case: 

Solution 1 has 12 steps versus 7 steps for solution 2

AMF has 3 interactions (versus 1) and SMF has 4 interactions (versus 1).

Solution1 requires the AMF to constantly re-send the list of cells comprising the AoS to NB which can be long with big NGAP impact.

Two RRC reconfigurations need to take place instead of 1.

In addition, the difference of performance shown above needs again to be multiplied by the number of PDU sessions and SMF(s) involved by the slice 1.

Observation 2: the solution 2 outperforms solution 1 in terms of signalling and processing in intra-gNB case
A totally equivalent analysis applies for the Handover case that occurs as the S-NSSAI becomes unavailable, with the difference that the PDU session is deactivated in CN and the DRBs released, with an indication from AMF to SMF to not release the GTP-U UL endpoints.
It should be noted this is not just a behavior for non supporting UEs. This behavior should apply also to supporting UEs in connected mode. 

Furthermore, this is the approach that is used when when TA level NS-AoS granularity applies, i.e. when UEs that are capable to handle the Partially Allowed network slices in a RA with NS-AoS matching TA boundaries. Hence there seems also a reuse of concepts that are anyhow needed to handle the TA level NS-AoS granularity
Conclusion

Based on the above we propose that for the optimal handling of connected mode the simple solution is to adopt the approach is solution 2, which allows modifying the PDU session resources when entering and exiting the NS-AoS. This is what SA2 should do to be in line with the guidance from SA plenary in SP-211621.
ANNEX: Changes for TS 38.413

9.2.1.7
PDU SESSION RESOURCE NOTIFY

This message is sent by the NG-RAN node to notify that the QoS requirements of already established GBR QoS flow(s) for which notification control has been requested are either not fulfilled anymore or fulfilled again by the NG-RAN node. This message can also be sent by the NG-RAN node to notify that PDU session resource(s) for a given UE are released.

Direction: NG-RAN node ( AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	AMF UE NGAP ID
	M
	
	9.3.3.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	PDU Session Resource Notify List
	
	0..1
	
	
	YES
	reject

	>PDU Session Resource Notify Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session Resource Notify Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Notify Transfer IE specified in subclause 9.3.4.5.
	-
	

	PDU Session Resource Released List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Released Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>PDU Session Resource Notify Released Transfer
	M
	
	OCTET STRING
	Containing the PDU Session Resource Notify Released Transfer IE specified in subclause 9.3.4.13.
	-
	

	User Location Information
	O
	
	9.3.1.16
	
	YES
	ignore

	Availability NSSAI List
	
	0..1
	
	
	YES
	ignore

	>Availability NSSAI Item
	
	1..<maxnoofS-NSSAIs>
	
	
	-
	

	>>S-NSSAI
	M
	
	9.3.1.24
	
	-
	

	>>Availability
	M
	
	ENUMERATED (available, unavailable,…)
	
	-
	


	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.

	maxnoofS-NSSAIs
	Maximum no. of S-NSSAIs. Value is 256.


9.2.3.8
PATH SWITCH REQUEST

This message is sent by the NG-RAN node to inform the AMF of the new serving NG-RAN node and to transfer some NG-U DL tunnel termination point(s) to the SMF via the AMF for one or multiple PDU session resources.

Direction: NG-RAN node ( AMF.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	reject

	RAN UE NGAP ID
	M
	
	9.3.3.2
	
	YES
	reject

	Source AMF UE NGAP ID
	M
	
	AMF UE NGAP ID

9.3.3.1
	
	YES
	reject

	User Location Information
	M
	
	9.3.1.16
	
	YES
	ignore

	UE Security Capabilities
	M
	
	9.3.1.86
	
	YES
	ignore

	PDU Session Resource to be Switched in Downlink List
	
	1
	
	
	YES
	reject

	>PDU Session Resource to be Switched in Downlink Item
	
	1..<maxnoofPDUSessions> 
	
	
	-
	

	>>PDU Session ID 
	M
	
	9.3.1.50
	
	-
	

	>>Path Switch Request Transfer
	M
	
	OCTET STRING
	Containing the Path Switch Request Transfer IE specified in subclause 9.3.4.8.
	-
	

	PDU Session Resource Failed to Setup List
	
	0..1
	
	
	YES
	ignore

	>PDU Session Resource Failed to Setup Item
	
	1..<maxnoofPDUSessions>
	
	
	-
	

	>>PDU Session ID
	M
	
	9.3.1.50
	
	-
	

	>>Path Switch Request Setup Failed Transfer
	M
	
	OCTET STRING
	Containing the Path Switch Request Setup Failed Transfer IE specified in subclause 9.3.4.15.
	-
	

	RRC Resume Cause
	O
	
	RRC Establishment Cause

9.3.1.111
	
	YES
	ignore

	RedCap Indication
	O
	
	9.3.1.228
	
	YES
	ignore

	Availability NSSAI List
	
	0..1
	
	
	YES
	ignore

	>Availability NSSAI Item
	
	1..<maxnoofS-NSSAIs>
	
	
	-
	

	>>S-NSSAI
	M
	
	9.3.1.24
	
	-
	

	>>Availability
	M
	
	ENUMERATED (available, unavailable,…)
	
	-
	


	Range bound
	Explanation

	maxnoofPDUSessions
	Maximum no. of PDU sessions allowed towards one UE. Value is 256.

	maxnoofS-NSSAIs
	Maximum no. of S-NSSAIs. Value is 256.
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