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Introduction
According to the below note in WID of RAN slicing enhancement in RP-211290 [1], it is expected to discuss the impact on network interfaces including NG/Xn/F1/E1, when the slice MBR is introduced in NG-RAN.Note: This work item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified, e.g. the relation between Tracking Area and S-NSSAI is expected to impact the solution for slice based cell reselection, and the enforcement of DL and UL Slice MBR is expected to impact network interfaces including NG/Xn/F1/E1.


According to SA2’s specification in TS 23.501, there’re two aspects to be considered in NG-RAN if UE-Slice-MBR is introduced, which are network slice admission control (i.e. ensure that the sum of the GFBR values of the admitted GBR QoS Flows is not exceeding the UE-Slice-MBR) and rate control (i.e. ensure that the aggregated bitrate across all GBR and Non-GBR QoS Flows belonging to those PDU Sessions is not exceeding the UE-Slice-MBR )5.7.1.10	UE-Slice-MBR enforcement and rate limitation
If a supporting RAN receives for a UE a UE-Slice-MBR (see clause 5.7.2.6) for an S-NSSAI from the AMF, the RAN shall apply this UE-Slice-MBR for all PDU Sessions of that UE corresponding to the S-NSSAI which have an active user plane if feasible. In particular, the RAN shall enforce this UE-Slice-MBR as follows:
1)	Whenever a request for a GBR QoS Flow establishment or modification is received, the RAN admission control shall ensure that the sum of the GFBR values of the admitted GBR QoS Flows is not exceeding the UE-Slice-MBR and, if the QoS flow cannot be admitted, the RAN shall reject the establishment/modification of the QoS Flow.
2)	The RAN shall ensure that the aggregated bitrate across all GBR and Non-GBR QoS Flows belonging to those PDU Sessions is not exceeding the UE-Slice-MBR, while always guaranteeing the GFBR of every GBR QoS Flow of those PDU Sessions as described in clause 5.7.2.5.

In this contribution, we would like to discuss the RAN3 impact when network slice admission control and rate control are considered.
Discussion
Interface impacts for introducing Slice-MBR
No matter how NG-RAN performs the network slice admission control and rate control, the UE-Slice-MBR needs to be transmitted from CN to NG-RAN, and it should also be transmitted over Xn during mobility, so that the serving node can perform the UE-Slice-MBR enforcement and rate control.
As described in TS 23.502, “AMF to (R)AN: N2 Request (N2 SM information received from SMF, security context, Mobility Restriction List, UE-AMBR, List of UE-Slice-MBR(s) (optional and for 3GPP access type only),” a list of UE-Slice-MBR(s) should be transmitted from AMF to RAN, and this IE is an optional IE.
Proposal 1, RAN3 agrees to introduce a List of UE-Slice-MBR(s) in below messages in TS 38.413, to support the UE-Slice-MBR enforcement and rate limitation in NG-RAN,
· PDU SESSION RESOURCE SETUP REQUEST message,
· INITIAL CONTEXT SETUP REQUEST message (if the PDU Session Resource Setup List IE is present.),
· UE CONTEXT MODIFICATION REQUEST message,
· HANDOVER REQUEST message,
· DOWNLINK NAS TRANSPORT message.
Proposal 2, RAN3 agrees to introduce a List of UE-Slice-MBR(s) in HANDOVER REQUEST message in TS 38.423, to support the UE-Slice-MBR enforcement and rate limitation in NG-RAN.
For network slice rate control, we shall also discuss below issues from RAN3 perspective to further analyse the interface impacts.
Issue 1, in split architecture, which entity is used to enforce UL and DL slice MBR?
Issue 2, how to handle UE-Slice-MBR enforcement in DC scenario.
For issue 1, in our understanding, it’s easier to reuse UE-AMBR mechanism for UE-Slice-MBR, which means, the PDCP is responsible for UE-DL-Slice-MBR rate control, and the MAC is responsible for UL UE-Slice-MBR rate control. In this case, the list of UE-UL-Slice-MBR should be transmitted from CU/CU-CP to DU, and the list of UE-DL-Slice-MBR also transmitted from CU-CP to CU-UP.
Proposal 3, RAN3 agrees to introduce a List of UL UE-Slice-MBR(s) in UE CONTEXT SETUP REQUEST message and UE CONTEXT MODIFICATION REQUEST message in TS 38.473, to support the UL UE-Slice-MBR rate control in gNB-DU,
Proposal 4, RAN3 agrees to introduce a List of UE-DL-Slice-MBR (s) in BEARER CONTEXT SETUP REQUEST message and BEARER CONTEXT MODIFICATION REQUEST message in TS 38.463, to support the DL UE-Slice-MBR enforcement in RAN.
For issue 2, we think the MN should decide SN UE-Slice-MBR, just the same as SN UE-AMBR, because MN is aware of the available load of SN through Resource Status Reporting related procedures, so no coordination is needed between MN and SN, which may bring extra signalling overheads and long bearer setup latency. So for dual connectivity scenario, a list of SN UE-Slice-MBR should be included in S-NODE ADDITION REQUEST message and S-NODE MODIFICATION REQUEST in TS 38.423.
Proposal 5, RAN3 agrees to introduce a List of SN UE- Slice-MBR (s) in S-NODE ADDITION REQUEST message and S-NODE MODIFICATION REQUEST in TS 38.423, to support the UE-Slice-MBR enforcement in dual connectivity scenario.
Issue in SSC mode 3
When thinking of the RAN impact after introducing network slice admission control, we found an issue may exist in SSC mode 3 operation. 
According to TS 23.502, the following procedures is the Change of SSC mode 3 PDU Session Anchor with multiple PDU Sessions.


Figure 1
In step 6, the old PDU Session is released as described in clause 4.3.4 either by the UE before the timer provided in step 3 expires (e.g., once the UE has consolidated all traffic on new PDU Session or if the session is no more needed) or by the SMF upon expiry of this timer.
However, if the PDU session setup request is failed in step 4 as shown in figure 2 because of the network slice admission control by considering UE-Slice-MBR, the old PDU session will also be released if the timer expiries in SMF. In this case, the traffics on this PDU session will be interrupted, the session continuity is not ensured, which is not expected to happen in SSC mode 3.
Observation 1, if network slice admission control is performed in NG-RAN, there will be an issue in SSC mode 3 that service continuity cannot be kept.


Figure 2
In our understanding, the new PDU session is used to replace the old PDU session, even they may co-exist for a while, they are used for the same services, and both UE and 5GC are aware of this replace relation, the new PDU session can be handled in an exceptional manner. But the gNB is not aware of the SSC mode operation. So we think a good way to solve the issue is let the gNB know the new PDU session is different from the normal PDU session, for this kind of PDU session, the gNB can handle it exceptionally to ensure the new PDU session can be setup successfully, so that the session continuity is kept.
Regarding how to handle the new PDU session of SSC mode 3, the following ways can be considered
· if the serving gNB knows that the new PDU session will replace the old PDU session soon, the network slice admission control will not be performed as the old PDU session had already been admitted, 
· if the serving gNB knows that the new PDU session will replace the old PDU session, and both of them will co-exist for a while, considering they are for the same services, and the UE will move the traffic from the old one to the new one, the serving gNB can consider both of the GBR bearers in both of the PDU sessions as a whole when performing network slice admission control or the rate control after the admission.
No matter which way to be used, the indication or the related information is needed to transmitted from 5GC to gNB.
Proposal 6: RAN3 acknowledges the issue in SSC mode 3 operation when network slice admission control is performed.
[bookmark: _GoBack]Proposal 7, RAN3 to introduce an SSC mode indication or the related information (e.g. the old PDU session id and/or the left PDU session address lifetime) in NGAP to help the serving gNB to handle the new PDU session of SSC mode 3 in an exceptional manner.
If proposal 7 is agreed, the interface impacts on F1AP and E1AP should also be enhanced the same as NGAP.
Proposal 8, F1AP and E1AP should also be enhanced if RAN3 agrees NG-RAN should be aware of SSC mode 3 operation.
Conclusion
In this paper, we discuss the evaluation of slice re-mapping policy and the following proposals are made:
Proposal 1, RAN3 agrees to introduce a List of UE-Slice-MBR(s) in below messages in TS 38.413, to support the UE-Slice-MBR enforcement and rate limitation in NG-RAN,
· PDU SESSION RESOURCE SETUP REQUEST message,
· INITIAL CONTEXT SETUP REQUEST message (if the PDU Session Resource Setup List IE is present.),
· UE CONTEXT MODIFICATION REQUEST message,
· HANDOVER REQUEST message,
· DOWNLINK NAS TRANSPORT message.
Proposal 2, RAN3 agrees to introduce a List of UE-Slice-MBR(s) in HANDOVER REQUEST message in TS 38.423, to support the UE-Slice-MBR enforcement and rate limitation in NG-RAN.
Proposal 3, RAN3 agrees to introduce a List of UL UE-Slice-MBR(s) in UE CONTEXT SETUP REQUEST message and UE CONTEXT MODIFICATION REQUEST message in TS 38.473, to support the UL UE-Slice-MBR rate control in gNB-DU,
Proposal 4, RAN3 agrees to introduce a List of UE-DL-Slice-MBR (s) in BEARER CONTEXT SETUP REQUEST message and BEARER CONTEXT MODIFICATION REQUEST message in TS 38.463, to support the DL UE-Slice-MBR enforcement in RAN.
Proposal 5, RAN3 agrees to introduce a List of SN UE- Slice-MBR (s) in S-NODE ADDITION REQUEST message and S-NODE MODIFICATION REQUEST in TS 38.423, to support the UE-Slice-MBR enforcement in dual connectivity scenario.
Observation 1, if network slice admission control is performed in NG-RAN, there will be an issue in SSC mode 3 that service continuity cannot be kept.
Proposal 6: RAN3 acknowledges the issue in SSC mode 3 operation when network slice admission control is performed.
Proposal 7, RAN3 to introduce an SSC mode indication or the related information (e.g. the old PDU session id and/or the left PDU session address lifetime) in NGAP to help the serving gNB to handle the new PDU session of SSC mode 3 in an exceptional manner.
Proposal 8, F1AP and E1AP should also be enhanced if RAN3 agrees NG-RAN should be aware of SSC mode 3 operation.
References
[1] [bookmark: _Ref47536955]RP-211290  

3GPP
image2.emf
UE (R)AN AMF UPF1 UPF2 SMF1

UL/DL Data

1. SMF determines UPF/SMF 

relocation needs to be 

performed

4. UE-initiated PDU Session establishment procedure (with UPF2)

3a. PDU Session

Modification Command (

Timer

)

SMF2

2.Namf_Communication_N1N2MessageTransfer (

Timer

)

3b. PDU Session Modification Command ACK

3c. Nsmf_PDUSession_UpdateSMContext Request

3d. Nsmf_PDUSession_UpdateSMContext Response

1a.

Nsmf_PDUSession_SMContextStatusNotify Request/Response

6. Timer expires PDU Session release procedure (with UPF1)

4-1. PDU Session Estab. Request

(NAS: old PDU session ID)

4-2. CreateSMSession_Request(old PDU session ID)

4-3. PDU Session setup procedure (with 

UPF2)

4-4. CreateSMSession_Response

4-5. N2 PDU Session Request (NAS msg)

4-6. Network Slice 

Admission control (Slice-

MBR) failed

4-7. N2 PDU Session Reject 


Microsoft_Visio_Drawing1.vsdx
UE
(R)AN
AMF
UPF1
UPF2
SMF1
UL/DL Data
1. SMF determines UPF/SMF relocation needs to be performed
4. UE-initiated PDU Session establishment procedure (with UPF2)
3a. PDU Session
Modification Command (Timer)
SMF2
2.Namf_Communication_N1N2MessageTransfer (Timer)
3b. PDU Session Modification Command ACK
3c. Nsmf_PDUSession_UpdateSMContext Request
3d. Nsmf_PDUSession_UpdateSMContext Response
1a.Nsmf_PDUSession_SMContextStatusNotify Request/Response
6. Timer expires PDU Session release procedure (with UPF1)
4-1. PDU Session Estab. Request
(NAS: old PDU session ID)
4-2. CreateSMSession_Request(old PDU session ID)
4-3. PDU Session setup procedure (with UPF2)
4-4. CreateSMSession_Response
4-5. N2 PDU Session Request (NAS msg)
4-6. Network Slice Admission control (Slice-MBR) failed
4-7. N2 PDU Session Reject



image1.emf
UE (R)AN AMF UPF1 UPF2 SMF1

UL/DL Data

1. SMF determines UPF/SMF 

relocation needs to be 

performed

5. UL/DL Data

4. UE-initiated PDU Session establishment procedure (with UPF2) 

3a. PDU Session

Modification Command (timer)

SMF2

2.Namf_Communication_N1N2MessageTransfer (timer)

3b. PDU Session Modification Command ACK

3c. Nsmf_PDUSession_UpdateSMContext Request

3d. Nsmf_PDUSession_UpdateSMContext Response

1a.

Nsmf_PDUSession_SMContextStatusNotify Request/Response

6. (Timer expires) PDU Session release procedure (with UPF1)


Microsoft_Visio_Drawing.vsdx
UE
(R)AN
AMF
UPF1
UPF2
SMF1
UL/DL Data
1. SMF determines UPF/SMF relocation needs to be performed
5. UL/DL Data
4. UE-initiated PDU Session establishment procedure (with UPF2)
3a. PDU Session
Modification Command (timer)
SMF2
2.Namf_Communication_N1N2MessageTransfer (timer)
3b. PDU Session Modification Command ACK
3c. Nsmf_PDUSession_UpdateSMContext Request
3d. Nsmf_PDUSession_UpdateSMContext Response
1a.Nsmf_PDUSession_SMContextStatusNotify Request/Response
6. (Timer expires) PDU Session release procedure (with UPF1)



