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1   Introduction
During the RAN3-90 NB IoT Ad Hoc meeting RAN3 discussed the need to perform call admission control at UE resume. Namely, the discussion focussed on the scenario where a UE with multiple active bearers is suspended and after that resumed. 

During discussions it was observed that there might be no need of call admission control because NB IoT UEs using the UP optimisation solution can use at most one DRB. However, during the last RAN plenary and SA2 meeting it was confirmed that the UP optimisation solution can be applied to all types of UEs, i.e. NB IoT and wideband. This was confirmed in the reply LS in [4], which quotes:

“Following the last TSG RAN decision to make both “solution 2” and “solution 18” applicable to all E-UTRAN devices, SA2 have made a similar decision that, in general, all the other CIoT optimisations should be applicable to all E-UTRAN devices (both NB-IoT and WB-E-UTRAN).”  
This paper continues discussions on admission control at UE resume and proposes to agree to the solution presented at the RAN3-90 NB IoT Ad Hoc meeting.
2   Admission of bearers at UE Context Resume
RAN and CN loads change continuously. For legacy S1: E-RAB Setup procedures the specifications indicate that 

“Upon reception of the E-RAB SETUP REQUEST message, and if resources are available for the requested configuration, the eNB shall execute the requested E-RAB configuration”
The latter implies that if resources are not available at the eNB some E-RABs may fail to be established. For this reason the S1: E-RAB Setup Response contains the E-RAB Failed to Setup List IE.

In the case of the UE Context Resume procedure the scenario is equivalent, namely the RAN should be able to assess whether all bearers previously suspended can be resumed and if resources are not available the RAN should have the means to indicate to the CN which bearers failed to be established. The latter is also covered by the latest SA2 CR approved for the UP optimisation solution in [1], which quotes the following:
“The eNodeB provides the UE with the list of the resumed radio bearers. EPS bearer state synchronization is performed between the UE and the network, i.e. the UE shall locally remove any EPS bearer for which no radio bearer is setup and which is not a Control Plane EPS bearer.”

Namely, the eNB is already assumed to select a subset of bearers that should be resumed at the UE. The UE in turn shall remove any bearer that has not been resumed. Obviously, these actions have to be matched with opportune signalling towards the CN to inform which bearers are resumed and which are removed.

It is important to notice that preventing the RAN from running admission control at the time of UE Context Resume would imply that all the E-RABs previously suspended will have to be resumed. In a situation where resources are not sufficient to admit all the E-RABs an unconditional full admission may impact the QoS of all active bearers, i.e. bearer QoS may not be fulfilled. This would have negative impacts on end user’s quality of experience.
Observation 1: The RAN should be able to run admission control on bearers to be resumed and to indicate to the CN which bearers failed to be resumed.
Equivalently, in legacy systems, the CN is able to indicate whether some bearers should be released. This is possible in a number of E-RAB management procedures such as the S1: E-RAB Release Command. It is worth noticing that at S1 E-RAB Setup Request the CN has the freedom to set up E-RABs for which CN resources are available. Therefore, the CN can, at E-RAB Setup, run an implicit admission control.
In the case of UE Context Resume the scenario is equivalent, namely the CN should be able to detect whether some E-RABs cannot be admitted and it should be able to indicate it to the RAN. Failure to do so would imply admitting E-RABs for which resources are not available with potential impacts on all active bearers’ QoS, as explained already above. Moreover, the CN may need to reject resumption of some bearers due to subscriber profile changes (e.g. the subscriber can no longer access a certain service). It is therefore very important that the CN can reject resumption of bearers. 
Observation 2: The CN should be able to run admission control on bearers to be resumed and to indicate which bearers failed to be resumed.
The RAN and CN behaviours described above have been also captured in the agreed SA2 CR in [1]. The CR in fact quotes:

“The eNodeB notifies the MME that the UE’s RRC connection is resumed in the S1-AP UE Context Active message including the list of rejected EPS bearers, see TS 36.413 [36]. ”

And

“MME acknowledges the connection resumption in S1-AP UE Context Active Acknowledgment message including the list of rejected EPS bearers.”
It is therefore proposed to introduce appropriate S1 signalling that allows the RAN and CN to exchange lists of failed bearers. This follows the procedures already used for E-RAB management over S1, namely the RAN and the CN would run admission control on bearers to be resumed and would signal to each other which bearers have failed to be resumed.

[image: image1.emf]eNB UE MME S-GW

1. RRC Connection Resume Request (Resume 

ID)

2. eNB performs admission control and 

established which E-RABs are setup or failed

3. RRC Connection Resume Complete (Bearer 

Description, Resume ID)

4. S1AP: UE Context Resume Request (optional 

E-RAB Failed to Resume List) 

5. MME performs admission control and 

established which E-RABs are resumed or 

failed

6. Modify Bearer Request

7. Modify Bearer Response

8. S1AP: UE Context Resume Response (optional 

E-RAB Failed to Resume List) 

9. RRC Connection Reconfiguration (in case 

MME fails to resume E-RABs)

10. RRC Connection Reconfiguration Complete

UL Data

DL Data


Figure 1: Example of E-RAB Failed to Resume indication
Figure 1 shows an example of how the stage 2 description agreed by SA2 in S2-160840 can be implemented via enhanced S1 signalling. 
In Step 1 the serving RAN receives an indication of connection resume triggered by a UE or triggered by the CN, where the UE was previously sent to Idle and for which the UE context was suspended. 
In Step 2 the RAN, upon retrieving the UE bearer context, may determine that the UE bearers cannot be admitted, for example due to RAN load conditions. The RAN would therefore determine which bearers can be admitted and which bearers should not be resumed 
In Step 3 the RAN indicates to the UE which DRBs are resumed
In Step 4 the RAN sends the UE Context Resume Request to the MME specifying that the UE radio resources need to be re-established. In the same message the RAN can list the bearers that failed to be resumed as a consequence of admission control. 
In Step 5 the MME performs a check on whether the bearers the RAN intends to resume can be admitted. If the MME is not able to resume some of the bearers it will indicate this to the RAN in Step 8 with a list of bearers that failed to be resumed.

In Step 6 and 7 the MME indicates to the S-GW the accepted EPS bearers and the S-GW replies to it.

In Step 8 the MME replies to the eNB with an UE Context Resume Response message where it can list bearers that failed to be resumed. If a list of bearers that failed to be resumed is present in Step 8 the eNB may reconfigure the UE via legacy procedures in Step 9 and Step 10.

With the above mechanism it is possible to ensure that the bearers to be resumed are only those bearers for which resources can be admitted from both RAN and CN. This would greatly improve resource management, subscriber’s profile management and user’s quality of experience during UE Context Resume procedures as well as guaranteeing that admitted bearers QoS can be fulfilled. The latter is also in full alignment with the agreed Stage 2 specifications agreed in SA2. The following proposal is therefore made.

Proposal: It is proposed to add a list of E-RABs Failed to Resume to both the UE Context Resume Request and to the UE Context Resume Response.

3   Conclusion 
In this paper it was explained that it is important to enable a mechanism of access control for bearers to be resumed. The paper explained that without such mechanisms bearers resources would not be guaranteed, causing impacts to end user’s quality of experience and preventing fulfilment of bearers QoS. 
As a solution to the issues highlighted a mechanism was presented that enables the RAN and CN to admit only bearers for which resources are present. Such mechanism requires that the eNB and CN are able to exchange lists of E-RABS Failed to Resume over S1. The paper also highlighted that such mechanism was agreed and included in the SA2 Stage 2 specifications (see [1])

In order to support such mechanisms it is proposed to agree to the following proposal:

Proposal: It is proposed to add a list of E-RABs Filed to Resume to both the UE Context Resume Request and to the UE Context Resume Response.

It is proposed to agree to the draft CR in [2], which builds on the agreed baseline CR in [3] and that captures the proposals made.
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