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1
Introduction

In the stage 2 description of relaying, the handover procedure has been updated to consider the cases when there is inbound/outbound handover to/from a RN cell [1]. However, the issue of admission control is still left as in release 8, and we raised the issue during the last RAN 3 meeting (meeting #70) [2]. This contribution is an update of [2], where we elaborate the two way admission control and addresses the issue concerning the mismatch of RRC context and E-RABs to be setup list that was raised during the meeting. 
2
Handover preparation in LTE-advanced with relaying
The handover preparation procedure in LTE-advanced with relaying, as captured in the current stage 2 descriptions ([1]), is shown in Figure 1. Handover between two RNs controlled by different DeNBs is discussed as the other handover cases are simplifications of this. Based on the measurement reports that it is getting from the UE, the source RN decides to hand over the UE to the target RN and sends a HANDOVER REQUEST message towards the target RN. The HANDOVER REQUEST message contains an E-RABs to be Setup list which contains the detailed QoS info about all the bearers of the UE. Also included in the HANDOVER REQUEST is an RRC Context IE, which is RRC level information for handover preparation that is needed at the target (i.e. detailed RRC level information of each DRB and SRB to be setup as well as MAC and PHY settings). 

When the target DeNB gets the HANDOVER REQUEST message, it simply forwards the message towards the target RN. The target RN is the sole entity performing the admission control and the resource allocation, like an independent eNB. However, this might not be sufficient because the admission of the UE to a RN cell must consider not only the resource conditions at the RN cell, but also the current available resources at the backhaul link. For example, there may be several RNs, apart from the target RN, under the target DeNB and they may be consuming the lion’s share of the backhaul resources. If there were no or very few UEs under the target RN, it is very likely the access link admission control in the RN is going to succeed regardless of the backhaul conditions. That is, a UE with many GBR bearers may be admitted and handed over to the target RN cell, which soon afterwards might lead to the performance degradation or dropping of the UE’s bearers or even the need for a new handover to another cell or even back to the source RN, due to the mismatch of the resources available at the backhaul and access links.

Observation1: Performing one step admission control at the target RN by considering only the available access link resources is not sufficient as it does not consider backhaul resource limitations. 
Thus, available resources both in the access and backhaul links should be taken into consideration when performing admission control in a RN cell. If the target RN has up-to-date information about the load on the backhaul, then we can use this information during the admission control at the RN and a one step admission control at the RN would have been sufficient. However, currently agreed upon SON load information exchange mechanisms only allow the communication of the whole cell load, i.e. the DeNB in case of in-band relay will not report the backhaul resource utilization separately but rather the combined load on the backhaul links (of all the RNs under it) and access links of its directly connected UEs.

A good compromise between the two options (i.e. doing the admission control only at the RN with no knowledge of the backhaul link resources vs. with complete knowledge of the backhaul link), is to make the target DeNB participate in the admission control to ensure that enough resources are available at the backhaul link and let the RN take care of the access link admission, so that we can guarantee the QoS over the combined (access-backhaul) air interface. 
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Figure 1: Handover preparation procedure for relaying as captured in current stage2 description.

Proposal 1: Backhaul admission control to be performed by the target DeNB in addition to access link admission control performed by the target RN as part of the handover preparation stage during incoming handovers to a RN cell.

Figure 2 shows the updated handover preparation procedure that considers both access and backhaul link admission control. Unlike the procedure shown in Figure 1, the target DeNB will not simply forward the HANDOVER REQUEST message towards the target RN, but performs admission control over the backhaul beforehand. The HANDOVER REQUEST is forwarded to the target RN only if the target DeNB can admit at least one of the non-GBR bearers of the UE over the Un link. Otherwise, there is no need to forward the HANDOVER REQUEST message towards the target RN, and the DeNB can simply terminate the HO by responding to the source node with a HANDOVER PREPARATION FAILURE message. 
Proposal 2: The target DeNB to terminate the HANDOVER REQUEST by sending a HANDOVER PREPARATION FAILURE message in case it can not admit at least one of the non-GBR bearers of the UE over the Un link.

In case at least one non-GBR bearer could be admitted over the backhaul, the target DeNB passes on the HANDOVER REQUEST message towards the target RN, where the E-RABs to be Setup list contains only those bearers that could be admitted over the backhaul, but the RRC context is not modified. The target RN then sends out the result of this admission in the HANDOVER REQUEST ACKNOWLEDGE message, where it specifies the admitted and rejected bearers in the E-RABs Admitted list and E-RABs Not Admitted lists, respectively. A Target eNB To Source eNB Transparent Container is also included in the HANDOVER REQUEST ACKNOWLEDGE message, which is basically the Handover Command (RRCConnectionReconfiguration message that includes mobilityControlInfo) that the source RN has to forward to the UE to notify that it can execute the handover to the target.
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Figure 2: Handover preparation procedure for relaying, considering both backhaul and access link admission control.
Proposal 3: In case at least one non-GBR bearer could be admitted over the backhaul, the target DeNB to pass on the HANDOVER REQUEST message towards the target RN, with a modified E-RABs to be setup list that includes only the E-RABs that could be admitted over the backhaul. 
Enabling backhaul admission control as described above might lead to a mismatch between the RRC context and the E-RABs to be setup list included in the HANDOVER REQUEST received by the target RN as the target DeNB might have removed some of the bearers from the E-RABs to be setup list, which are still included in the RRC context. However, this mismatch can easily be dealt with if the RN simply ignores the DRBs that are in the RRC context which are not in the E-RABs to be setup list, and perform the admission control only on those. This is in line with the current agreement in 3GPP on how to deal with solving similar discrepancy in the context of inter-RAT handover scenarios, as captured in ‎[3] (section 5.5.2.2.2):

The target eNodeB shall ignore it if the number of radio bearers in the Source to Target Transparent container does not comply with the number of bearers requested by the MME and allocate bearers as requested by the MME

By performing the admission control both on the backhaul and access links, we can guarantee that the admitted UE bearers (as specified in the E-RABS Admitted list that is sent towards the source) will experience their required QoS. Thus, we propose:

Proposal 4: In case of a mismatch between the RRC Context and the E-RABs to be setup list in the received HANDOVER REQUEST message, due to some bearers being not admitted over the backhaul at the target DeNB, the target RN to perform the access link admission control only on those bearers that are included in the E-RABs to be setup list, and ignore the ones that are only in the RRC context. 

It should be noted that modifying the E-RABs to be setup list or terminating the HANDOVER REQUEST message is not aligned to the current stage 2 description (‎[1]) where it is stated that the DeNB processes and forwards all X2/S1 messages between the RN and other eNBs for all UE-dedicated procedures. 

Proposal 5: RAN3 to agree on the above proposals and update the stage 2 description so that the handover preparation also considers backhaul admission control as well as the required changes to enable the two step admission process. 
A draft CR that lists the required changes can be found at (‎[4]).
4
Conclusion
In this contribution, we have shown that the handover preparation procedure in LTE-advanced with relaying requires admission control both on the backhaul and access links. Thus we propose:
Proposal 1: Backhaul admission control to be performed by the target DeNB in addition to access link admission control performed by the target RN as part of the handover preparation stage during incoming handovers to a RN cell.

Proposal 2: The target DeNB to terminate the HANDOVER REQUEST by sending a HANDOVER PREPARATION FAILURE message in case it can not admit at least one of the non-GBR bearers of the UE over the Un link.

Proposal 3: In case at least one non-GBR bearer could be admitted over the backhaul, the target DeNB to pass on the HANDOVER REQUEST message towards the target RN, with a modified E-RABs to be setup list that includes only the E-RABs that could be admitted over the backhaul. 
Proposal 4: In case of a mismatch between the RRC Context and the E-RABs to be setup list in the received HANDOVER REQUEST message, due to some bearers being not admitted over the backhaul at the target DeNB, the target RN to perform the access link admission control only on those bearers that are included in the E-RABs to be setup list, and ignore the ones that are only in the RRC context. 

Proposal 5: RAN3 to agree on the above proposals and update the stage 2 description so that the handover preparation also considers backhaul admission control as well as the required changes to enable the two step admission process. 

A draft CR that lists the required changes can be found at (‎[4]).
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