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Introduction
[bookmark: _Ref178064866]During RAN3-114e the following agreements were taken:
For UE slice MBR: 
To carry UE slice MBR information at least in the following messages of NGAP:
-Initial UE Context Setup Request
-Handover Request
-UE CONTEXT MODIFICATION REQUEST
 
Signaling impact of introduce UE Slice MBR in NGAP takes following options as start point: 
Option 1:  AMF provides UE Slice MBR as optional element within the Allowed NSSAI.
Option 2:  AMF provides UE Slice MBR in the way as UE AMBR.
Note: The solution should be as close as possible as stage 2 specification of SA2.
Note: Solutions should take impact of E1,F1,Xn,NG together into account.
Note: Solutions should consider update of Slice MBR without impact Allowed NSSAI.

For MR-DC scenario:
The MN decides the split of UL and DL UE Slice MBR bit rate limits among the MN and the SN. The NG-RAN node that hosts the PDCP entity enforces the respective DL UE Slice MBR bit rate limits. The NG-RAN node that hosts the MAC entity enforces the respective UL UE Slice MBR bit rate limits.

For CU-DU split architecture:
The CU-CP decides the split of DL Slice MBR bit rate limit among the CU-UP(s). The CU-UP enforces the respective CU-UP DL Slice MBR bit rate limit. 
The CU-CP decides the split of UL Slice MBR bit rate limit among the DU(s). The DU enforces the respective DU UL Slice MBR bit rate limit.
FFS on Lack of S-MBR Enforcement at the RAN.
 
For Target NSSAI:
To introduce Target NSSAI IE at least in the following messages for NGAP:
- INITIAL CONTEXT SETUP REQUEST
- DOWNLINK NAS TRANSPORT

In this paper we derive a way forward from the agreements taken at the last RAN3 meeting and we propose solutions accordingly.
Discussion
From the agreements reported above it can be seen that there are two aspects to be further developed by RAN3:
1) Mechanisms to handle the S-MBR
2) Mechanisms to handle the Target NSSAI
The sections below follow on each of these aspects.
UE-Slice-MBR management
At the last RAN3 meeting the following agreements were taken:
Signaling impact of introduce UE Slice MBR in NGAP takes following options as start point: 
Option 1:  AMF provides UE Slice MBR as optional element within the Allowed NSSAI.
Option 2:  AMF provides UE Slice MBR in the way as UE AMBR.
Note: The solution should be as close as possible as stage 2 specification of SA2.
Note: Solutions should take impact of E1,F1,Xn,NG together into account.
Note: Solutions should consider update of Slice MBR without impact Allowed NSSAI.

In our opinion Option 1 is not adequate because it links, unnecessarily, the Allowed NSSAI and the S-MBR. 
We believe that Option 2, which follows the legacy mechanisms used for AMBR, is a better option. 
Here are some justifications for our position.

The note ” Solutions should take impact of E1,F1,Xn,NG together into account.” points at the fact that there should be an harmonization across the NG, Xn, F1 and E1 of how the S-MBR is signalled. 
The Allowed NSSAI is not signalled over the Xn, F1 and E1. At the last RAN3 meeting it was widely supported that the S-MBR should be propagated over the F1, E1 and Xn interfaces in the same way as the AMBR. If this is the case, it is unclear why the S-MBR should not be propagated just like the AMBR over the NG interface. If the S-MBR is propagated over the NG interface in a way similar to the AMBR the handling of the S-MBR could be harmonized over the interfaces. 
As an example of how the S-MBR handling could be harmonised if following AMBR mechanisms,  
· AMF signals an update of the S-MBR in the NG: UE CONTEXT MODIFICATION REQUEST
· gNB-CU-CP signals an update of the S-MBR to the gNB-DU via the F1: UE CONTEXT MODIFICATION REQUEST
· gNB-CU-CP signals an update of the S-MBR to the gNB-CU-UP via the E1: BEARER CONTEXT MODIFICATION REQUEST
· gNB signals an update of the S-MBR to a neighbour gNB via the Xn: S-NODE MODIFICATION REQUEST
The above sequence would not be possible if the S-MBR was signalled as part of the Allowed NSSAI because the Allowed NSSAI is not present in the NG: UE CONTEXT MODIFICATION REQUEST, hence there would be no natural way to update this information for a UE.
As a distortion, there have been proposals to add the Allowed NSSAI to the NG:UE CONTEXT MODIFICATION REQUEST, for the sole purpose of transporting a new S-MBR value. This is obviously a suboptimal approach because there is no need to signal the Allowed NSSAI at NG:UE CONTEXT MODIFICATION REQUEST and it would be much more appropriate to signal the S-MBR alone.
The note ” Solutions should consider update of Slice MBR without impact Allowed NSSAI” points at the fact that signalling of the S-MBR should be independent of signalling of the Allowed NSSAI. Namely, not because the S-MBR needs to be updated should the AMF signal to the RAN the whole Allowed NSSAI. The RAN would then have to re-check validity of the Allowed NSSAI, while there would most likely be no changes to the Allowed NSSAI, hence such validation at the RAN would be unnecessary.
The note ” The solution should be as close as possible as stage 2 specification of SA2.” would be fulfilled if the S-MBR is signalled in a similar way as the AMBR. That is because the S-MBR would be signalled in the NG: Initial UE Context Setup Request, NG: Handover Request, NG: Downlink NAS Transport. 
We are also supportive of signalling the S-MBR in the NG: PATH SWITCH REQUEST ACK, which is yet another message where the Allowed NSSAI is signalled.
As one last comment, it should be highlighted that the Allowed NSSAI is an optional IE in many NGAP messages. An AMF implementation may be free not to support the transmission of such IE. Likewise, a RAN implementation may be free not to consider such IEs. It would be incorrect to tie the S-MBR, which covers a totally different functionality, with the Allowed NSSAI, because this would force an implementation to support functionalities that may not be considered needed.
In light of the above, the following is proposed:
Proposal 1: It is proposed to signal the S-MBR over the NG interface in a way similar to the UE AMBR, namely as part of the following messages:
· NG: PDU Session Resource Setup Request
· NG: Initial UE Context Setup Request
· NG: Handover Request 
· NG: UE Context Modification Request
· NG: Path Switch Request Ack
· NG: Downlink NAS Transport

With respect to propagation over the F1, E1 and Xn interfaces of the S-MBR, Split of DL Slice MBR, Split of UL Slice MBR, and in line with the agreements already taken at RAN3-114e, we propose to signal these parameters in the same way as the AMBR, Split of DL AMBR and Split of UL AMBR is signalled.
Proposal 2: It is proposed to signal the S-MBR, Split of DL Slice MBR, Split of UL Slice MBR, over the F1, E1 and Xn interfaces, in the same way as the AMBR, Split of DL AMBR and Split of UL AMBR are signalled

S-MBR Enforcement
TS 23.501 quotes the following:

Excerpt from TS23.501
[bookmark: _Toc75440563]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
End of Excerpt from TS23.501
At the same time, the running CR to TS38.300 endorsed by RAN2 in R2-2111400 states the following:
Excerpt from R2-2111400
Support of QoS
-	NG-RAN supports QoS differentiation within a slice, and per Slice-Maximum Bit Rate may be enforced per UE, if feasible. How NG-RAN enables UE-Slice-MBR enforcement and rate limitation (see TS 23.501 [3]) is up to network implementation.
End of Excerpt from R2-2111400
From the above it is evident that enforcement of the S-MBR at the RAN can be carried out only if deemed feasible by the RAN. As a minimum, the RAN should communicate to the AMF if enforcement of the S-MBR is feasible/not-feasible, so that an operator is able to monitor cases when the total bitrate used by a slice cannot be controlled by the RAN. It has to be noted that the RAN should also be able to notify that S-MBR enforcement is supported and feasible, in order to differentiate the cases of legacy RAN nodes, which will not send any notification to the CN. Namely, a notification from the RAN about feasibility of enforcement is needed to avoid that lack of notification from a legacy RAN node is interpreted as “enforcement is feasible”
The current specifications clearly allow a RAN not to enforce the S-MBR if not feasible, hence if the RAN does not notify such event to the AMF, the following issue will occur:
· The AMF and CN functions may assume that the S-MBR is enforced
· The S-MBR is not enforced, and the UE is free to consume as much bit rate as needed
· An operator is not able to enforce a contract with a user, where such contract may limit the bit rate per slice
In light of the above, the following is proposed:
Proposal 3: It is proposed that, at reception of the S-MBR, the RAN is able to reply to the AMF with information indicating that the S-MBR enforcement is not-supported or not-feasible or supported-and-feasible
Target NSSAI, usage and signaling
When the UE requests a slice that is not supported in current cell, but is available in other TA’s of the NW, the slice will be included in the Rejected NSSAI for the RA which is signaled to the UE over NAS. The UE is then not allowed to request the rejected slice before changing registration area. 
Since the UE have no means to signal that it still or no longer need access to the requested slice, before the RA is changed, the general assumption that can be made from a RAN perspective is that the UE need access to the slice as long as it remains within the registration area.  
There may be exceptions to that rule. E.g, If the UE has access to another slice that provides similar performance and also the wanted service, and starts the service on that slice, the CN could assume that the request is not valid anymore. How the CN decides that the previous requested slice is not valid any longer is up to SA/CT WGs.
However, RAN have no knowledge of mappings between services and slices, so from RAN point of view, there is never a reason to assume that the request is not valid while the UE remains in the same cell. In case the UE is not within coverage of the frequency band serving the rejected slice, it will not be possible to immediately move the UE to that frequency. In that case, it would be beneficial if the gNB later can HO the UE in case it moves within coverage, or use dedicated frequency priorities to guide the UE when it goes to Idle/Inactive mode. In order to do this, the gNB should save the Target NSSAI with the Target RFSP value in the UE context.
Proposal 4: It is proposed that the gNB should save the Target NSSAI and the Target RFSP in the UE context.
In case the CN have reason to assume that the slice request is not valid anymore, the gNB should be notified that the Target NSSAI and Target RFSP value should be removed from the UE context. Failure to do so would imply that the RAN is tasked to find a mobility target for the UE where the Target NSSAI can be served, even if/when the UE does not need to access the Target NSSAI anymore.
It is worth noting that a notification from CN to RAN that the Target NSSAI is not valid any more can be expressed in different ways. One simple, but less elegant, way could be to  allow CN to signal an empty Target NSSAI to the RAN. Another, more robust way could be to allow the CN to signal an explicit flag to the RAN. In the CR associated to this paper in R3-220438 we have proposed to add an explicit flag but this does not exclude other options. 
Proposal 5: It is proposed that signaling is introduced for removing the Target NSSAI and Target RFSP value from the UE context. 
If the UE moves away from the original cell, but it remains out of coverage of the frequency of the requested slice, it would be useful if the target cell is also informed of the Target NSSAI, so that the UE can be guided to the frequency of the rejected slice as soon as it is within coverage.
Proposal 6: It is proposed that the Target NSSAI is included in the PATH SWITCH REQUEST ACK in every HO as long as the Target NSSAI is valid.
If the UE moves into a new RA and the previously requested slice is not needed by the UE any longer, then the UE will not request the slice again. This may be used by the AMF to avoid signalling the Target NSSAI to the RAN.
However, the UE may request the slice again in the new RA and the requested slice may be rejected again. In this case, the CN may again provide a Target NSSAI and the Target RFSP value for the newly requested slice. 
It should be noted that the Target NSSAI and Target RFSP is equivalent to a “command” towards the RAN to find a suitable cell/frequency for the UE where to use the rejected slice. It might occur that, once the RAN moves the UE to a cell/frequency serving the rejected slice, the CN signals yet another Target NSSAI and Target RFSP to the RAN, hence generating a new request to move the UE elsewhere. This process could repeat in a “ping pong” manner.
From a RAN point of view, what should be assumed is that the CN provides the Target NSSAI and the Target RFSP value in a consistent manner e.g. considering what slices the UE has been requested previously and avoiding ping pong effects.
It is assumed that CN provides Target NSSAI and Target RFSP in a consistent manner considering possible ping-pong effects.

Conclusion
In this paper considerations and proposals have been made on the topics of S-MBR and Target NSSAI handling.

The following proposals and observations were derived:
Proposal 1: It is proposed to signal the S-MBR over the NG interface in a way similar to the UE AMBR, namely as part of the following messages:
· NG: PDU Session Resource Setup Request
· NG: Initial UE Context Setup Request
· NG: Handover Request 
· NG: UE Context Modification Request
· NG: Path Switch Request Ack
· NG: Downlink NAS Transport
Proposal 2: It is proposed to signal the S-MBR, Split of DL Slice MBR, Split of UL Slice MBR, over the F1, E1 and Xn interfaces, in the same way as the AMBR, Split of DL AMBR and Split of UL AMBR are signalled
Proposal 3: It is proposed that, at reception of the S-MBR, the RAN is able to reply to the AMF with information indicating that the S-MBR enforcement is not-supported or not-feasible or supported-and-feasible
Proposal 4: It is proposed that the gNB should save the Target NSSAI and the Target RFSP in the UE context.
Proposal 5: It is proposed that signaling is introduced for removing the Target NSSAI and Target RFSP 
Observation 1: It is assumed that CN provides Target NSSAI and Target RFSP in a consistent manner considering possible ping-pong effects.

As it can be seen, the proposals above have an impact on SA2 and for that an LS to SA2 should be triggered to check and validate that such concepts are feasible and agreeable. 
Proposal 6: It is proposed to send an LS to SA2 stating RAN3´s position on S-MBR and Target NSSAI handling, the LS is provided in R3-220439
Proposal 7: It is proposed to agree to the CR in R3-220438 to TS38.413, reflecting the proposals in the paper.
