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1
Introduction
Four relay architecture alternatives have been heavily discussed in previous RAN3 meetings [1]:

· Alternative 1: Full-L3 relay, transparent for DeNB

· Alternative 2: Proxy S1/X2

· Alternative 3: RN bearers terminate in DeNB

· Alternative 4: S1 UP terminated in DeNB

One important aspect in selecting the optimal alternative(s) is the performance during handover. The performance of UE handover in a relay enhanced cellular systems is even more important than in a non-relay based system, as the limited coverage area of a realy node increases the handover frequency. Care should be taken to make sure that UE handovers will be performed in a timely fashion, and if possible, without disrupting the quality of the ongoing active bearers of the UE, as well the ongoing active bearers of the other UEs in the target cell. 

In this contribution, we look at how the four alternatives compare when it comes to UE mobility. The handover performance of each alternative then can be used as an input for future discussion in relay architecture alternative. We base our discussion on LTE release 8, and the handover procedures in the four alternatives are described thereafter. 
2
UE mobility in LTE Release 8
Handover is simply the change of access point by a UE. In LTE release 8, the handover is performed by the eNB based on the measurement reports from the UE [2].  Fig. 1 shows the (simplified) handover procedure in LTE release 8. The UE sends measurement reports (about the quality of the links with neighboring eNBs) to the source eNB, and the source eNB determines if a handover is required to maintain the quality of the UE’s connection. If the decision is to perform a handover, this decision is communicated with the chosen target eNB through a handover request message. Upon receiving this message, the target eNB checks if it has enough resources to admit the UE, and if so, it sends a handover request ACK message to the source eNB. The source eNB then sends out a handover command to the UE and from here onwards stops forwarding DL data to the UE and starts forwarding it to the target eNB.  
The UE, upon receiving the handover command, synchronizes itself to the target eNB, and sends a handover complete message towards the target eNB to confim that the handover from the UE’s point of view is finalized, and it is ready to receive data from the target eNB.  The downlink path for the UE is then switched towards the target eNB and from then on, both UL and DL data can flow between the target eNB and the UE.  The target eNB informs the success of the handover by sending a UE context release message to the source eNB. The source eNB then can release the resources associated with the UE being handed over, and the handover procedure is complete (if there is still some buffered data at the source eNB, it can forward them towards the target eNB after the completion of the handover).   
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3
UE mobility in the four alternatives

In LTE release 8, a UE can be handed over between two eNBs. The introduction of RNs will increase the possibly types of handover. Specifically, a UE in a relay enhaced system can be handed over between:

· two DeNBs (as in LTE release 8)

· a RN and its DeNB

· a RN and another RN that is under the same DeNB

· a RN and another RN that is under a different DeNB

· a RN and a DeNB different from the one that controls the RN

Of these, the handover between two RNs controlled by two different DeNBs is the most complex one and the other handover types are a simplification of this. Thus, in this contribution, we focus only on such a handover.

3.1
Alternative 1

In alternative 1, the DeNB is simply forwarding the data to and from the RN, and as such, the handover of a UE is transparent to it. Fig. 2 shows the UE handover procedure in alternative 1. The main differences from that of the LTE release 8 handover procedure described in Section 2 are:

· The control messages (such as Handover request, UE context release, etc. ) have to traverse a longer path (i.e. source RN ( source DeNB ( SGW/PGW of RN ( target DeNB (target RN  or the other way around)

· The data forwarding path during handover also becomes elongated in a similar fashion to the control messages

· Two admission control processes have to be undertaken, one for the backhaul link and one for the access link. Since the handover request message is transparent to the target DeNB, it is the target RN that can start the admission control. The target RN can try to admit the UE on the access link, and if that is possible, it can communicate the required backhaul resources to the target DeNB. If the target DeNB also has enough backhaul resources, the user can be admitted, and Handover request ACK is sent by the target RN towards the source RN.

· The source DeNB is not aware of the handover, even after the handover execution has started (after the handover command is sent to the UE). This means, there is a possibility of unnecessary back and forth forwarding (from the source DeNB towards the source RN and then back to the source DeNB on the way towards the target DeNB). 

· Similar to the above, the source DeNB is not aware of the handover completion, and as such, when the UE context release message is received by the source RN, the source RN has to communicate the relevant info to the source DeNB so that it can release the backhaul resources that were being used by the handed over UE.

To summarize, the UE handover procedure for alternative 1 has the following shortcomings:
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Large latency (both in control messages and data forwarding), due to the need to forward the data via the SGW/PGW RN node

· Unnecessary back and forth forwarding between the source DeNB and the source RN during handover execution

Some solutions have been suggested to solve the back and forth forwarding problem, such as explicit messaging by the RN towards the DeNB when a UE starts a handover, or the DeNB detecting the handover itself by “sniffing” the data being forwarded towards the RN [3]. However, this will clearly contradict the main reasoning behind alternative 1, which is the transparency of the relayed UEs from the DeNB. Even if that is acceptable, a considerable processing power will be wasted in looking inside every packet to identify handover requests and detect packets that are destined towards UEs that are being handed over. 
3.2 Alternative 3

Alternative 3 is an optimization of alternative 1, and the main difference from it is that the SGW/PGW-RN functionality now resides inside the DeNB, instead of an external node. As such, there are only minor differences from alternative 1, especially when it comes to UE handover. Fig. 3 shows the UE handover procedure in alternative 3. As can be seen in the figure, the only difference from the handover procedure in alternative 1 is that the control messaging and data forwarding paths are shortned now as there is no need to traverse another network entity. As such, the latency problem of alternative 1 is mitigated, but the unnecessary back and forth forwarding problem still exists.

3.3 Alternative 2
In this alternative, the handover procedure is very different from that of alternative 1 and 3, mainly because the DeNB is aware of the UE that is undergoing handover. This is because from the MME’s point of view the UE is connected to the DeNB rather than the RN, and when a handover is performed, a path switch has to be performed towards the target DeNB. The handover procedure for alternative 2 is depicted in Fig. 4.  The main differences from alternative 3 are:
· The Handover request message is recognized by the source DeNB and the source DeNB generates a handover request message towards the target. 
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The target DeNB, when receiving the Handover request message, performs admission control on the backhaul, and if that succeeds, the handover request is communicated to the target RN, which performs the admission control on the access link. If both succeed, the target DeNB sends a handover request ack message towards the source DeNB, which translates it to a handover request ack message towards the source RN. Note that the admission procedure here is the reverse of the admission process in alternatives 1 and 3.

· Since the source DeNB is aware of which UE is undergoing handover, once the handover request is acknowledged, DL data destined to that UE is buffered at the source DeNB rather than being forwarded towards the source RN, hereby avoiding the unnecessary back and forth forwarding problem of alternatives 1 and 3.
· Similar to the admission control part, the release of resources in the source DeNB and RN is undertaken in reverse order to that of alternatives 1 and 3. That is, the source DeNB first frees the backhaul resources and sends a context release to the source RN, which does the release of access link resources. This is a more straightforward way of than that of alternative 1 and 3, where the UE context message has to first pass the source DeNB transparently, and the target RN has to send it back to the source DeNB to ensure backhaul resources are properly released.
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Thus, alternative 2 not only removes the back and forth forwarding problem of alternatives 1 and 3, it is also more straightforward as the control messages such as Handover request and Release UE context are recognized by the DeNB, rather than being passed first transparently towards the RN, and forwarded back again towards the DeNB by the RN. 

No further optimizations, such as the ones described in [3] are needed here in order to avoid unnecessary back and forth forwarding. Additionaly, the architecture makes it easily to perform further optimizations of the handover process. For example, the RN can predict a handover (by looking into how the measurement reports from the UE are changing) and inform the DeNB that a handover is expected soon for a certain UE (similar to suggestions in [3], but here no “sniffing” required, as the DeNB can readily see the details of the packets). The DeNB can start caching unacknowledged data for that UE from that moment on, and if a handover request comes afterwards, there is no need to forward the unacknowldedge data from the RN back towards the source DeNB, as they are already available at the source eNB.  

3.4 Alternative 4

The difference between alternatives 2 and 4 is that the user plane in alternative 4 is terminated at the DeNB. This makes the handover procedures for the two cases to be the same. 
4
Conclusions
In this contribution, the UE handover procedures for the four relay architecture alternatives were discussed. Based on this, we propose the following:
Proposal 1: Considering that the UE mobility signaling differes in the four alternatives, it is proposed to capture the UE mobility analysis for Alternatives 1, 2, 3 and 4 in the relay TR [4]. 

Proposal 2: The handover of a UE between two RNs that are controlled by different DeNBs is the most general handover case, and all other types of UE handover are a simplification of it. Thus, it is proposed that the mobility signaling for handovers between RNs controlled by different DeNBs is taken as the reference scenario for comparison between different alternatives.
Proposal 3: Given the different performances and behaviours in mobility scenarios of the different alternatives under discussion, it is proposed to keep each alternative separately described in the relay TR ([4]) as follows:
Beginning of Text Proposal
4.2.3.3
Handover procedure
4.2.3.3.1
Alternative 1
Figure 4.2.3.3-1 shows the procedure of an X2 handover for architecture alternative 1, where a UE under an RN makes a handover to another RN connected to a different DeNB.
-
The source RN makes a handover decision based on UE measurement report and selects a target RN.
-
The source RN sends a Handover Request message to the target RN over an EPS data bearer that is provided by the DeNB and the S/P-GW of the RN (i.e., via the path of source RN ( source DeNB (S/P-GW of the RN ( target DeNB ( target RN)
-
When the target RN receives this message, it performs admission control. The admission control on the access link is performed by the target RN, and the admission control on the backhaul link is performed by the target DeNB. Since the Handover Request message is forwarded by the target DeNB towards the target RN transparently, the target RN has to communicate the required resources on the backhaul link to the target DeNB, and if required, resource reconfigurations have to be made by the target DeNB in order to accommodate the bearers of the admitted UE. 

-
If both admission control procedures succeed, the target RN replies with a Handover Request Ack message which is routed over the EPS data bearer via the S/P-GW of the RN and the DeNBs back to the source RN (i.e., via the path of target RN ( target DeNB (S/P-GW of the RN ( source DeNB ( source RN). The source RN then sends out a handover command to the UE.


-
After the completion of the X2 signalling, forwarding tunnels are established from the source RN over EPS bearer(s) via the DeNBs and the S/P-GW of the RN and further on to the target RN (i.e., via the path of source RN ( source DeNB (S/P-GW of the RN ( target DeNB ( target RN). The RN may start packet forwarding at this point.
-
After the path switch is made towards the target RN, both UL and DL data are correctly setup to flow between the gatways and the UE. The target RN communicates this to the source RN by sending a UE context release message which is routed over the EPS data bearer via the S/P-GW of the RN and the DeNBs back to the source RN (i.e., via the path of of target RN ( target DeNB (S/P-GW of the RN ( source DeNB ( source RN ).

-
When the source RN gets this message, it releases the resources that were being used by the handed over UE. Since the source DeNB is not aware of the handover process, the source RN also has to communicate relevant information towards the source DeNB so that corresponding backhaul resources could be freed. 
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Figure 4.2.3.3-1: X2 handover between two RNs under different DeNBs – Alt 1.
4.2.3.3.2
Alternative 3
Figure 4.2.3.3-2 shows the procedure of an X2 handover for architecture alternative 3, where a UE under an RN makes a handover to another RN connected to a different DeNB.
-
The source RN makes a handover decision based on UE measurement report and selects a target RN.
-
The source RN sends a Handover Request message to the target RN over an EPS data bearer that is provided by the DeNBs and the RNs (i.e., via the path of source RN ( source DeNB ( target DeNB ( target RN)
-
When the target RN receives this message, it performs admission control. The admission control on the access link is performed by the target RN, and the admission control on the backhaul link is performed by the target DeNB. Since the Handover Request message is forwarded by the target DeNB towards the target RN transparently, the target RN has to communicate the required resources on the backhaul link to the target DeNB, and if required, resource reconfigurations have to be made by the target DeNB in order to accommodate the bearers of the admitted UE. 

-
If both admission control procedures succeed, the target RN replies with a Handover Request Ack message which is routed over the EPS data bearer via the DeNBs back to the source RN (i.e., via the path of target RN ( target DeNB (source DeNB ( source RN). The source RN then sends out a handover command to the UE.

-
After the completion of the X2 signalling, forwarding tunnels are established from the source RN over EPS bearer(s) via the DeNBs and the target RN further on to the target RN (i.e., via the path of source RN ( source DeNB ( target DeNB ( target RN). The RN may start packet forwarding at this point.
-
After the path switch is made towards the target RN, both UL and DL data are correctly setup to flow between the gatways and the UE. The target RN communicates this to the source RN by sending a UE context release message which is routed over the EPS data bearer via the target RN and the DeNBs back to the source RN (i.e., via the path of of target RN ( target DeNB ( source DeNB ( source RN ).

-
When the source RN gets this message, it releases the resources that were being used by the handed over UE. Since the source DeNB is not aware of the handover process, the source RN also has to communicate relevant information towards the source DeNB so that corresponding backhaul resources could be freed. 
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Figure 4.2.3.3-2: X2 handover between two RNs under different DeNBs – Alt 3.
4.2.3.3.3
Alternative 2

Figure 4.2.3.3-3 shows the procedure of an X2 handover for architecture alternative 2, where a UE under an RN makes a handover to another RN connected to a different DeNB. 
-
The source RN makes a handover decision based on UE measurement report and selects a target RN.
-
The source RN sends a Handover Request message to the source DeNB. The source DeNB reads the target cell ID from the message and finds the target eNB corresponding to the target RN and forwards the X2 message towards the target DeNB. Note that the RN has to maintain only one X2 interface, which is to the DeNB and it can send all handover requests to the DeNB, irrespective of the target cell ID.

-
Upon receiving this message, the target DeNB performs admission control on the backhaul link and if that succeeds, the handover request is communicated to the target RN, which then performs the admission control on the access link.
-
If both admissions succeed, the target DeNB sends a Handover Request Ack message towards the source DeNB, which translates it to a Handover Request Ack message towards the source RN. Note that the admission procedure here is the reverse of the admission procedures of alternatives 1 and 3.
-
After the completion of the X2 signalling, forwarding tunnels are established from the source RN via the source DeNB to the target DeNB and further on to the target RN. The GTP tunnels are switched at the DeNB. As the DeNB can access the per UE bearer forwarding tunnels and it is also aware of the ongoing handover through the bypassed X2-AP messages, the packet forwarding path can also be shortcut; i.e., unlike alternatives 1 and 3, unnecessary back and forth forwarding over the Un interface can be avoided.
-
After the path switch is made towards the target RN, both UL and DL data are correctly setup to flow between the gatways and the UE. The target RN communicates this to the source RN by sending a UE context release message towards the source RN.

-
Similar to the admission control part, the release of resources in the source DeNB and RN is undertaken in reverse order to that of alternatives 1 and 3. That is, as the source DeNB is aware of the ongoing handover and hence the context release message through the bypassed X2-AP messages, it first frees the backhaul resources and sends a context release to the source RN, which does the release of access link resources. 
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Figure 4.2.3.3-3: X2 handover between two RNs under different DeNBs  – Alt 2.
Next Text Proposal
4.3.3.3
Handover procedure


Figure 4.3.3.3-1 shows the procedure of an X2 handover for architecture alternative 4, where a UE under an RN makes a handover to another RN connected to a different DeNB.
-
The source RN makes a handover decision based on UE measurement report and selects a target RN.
-
The source RN sends a Handover Request message to the source DeNB. The DeNB reads the target cell ID from the message and finds the target DeNB corresponding to the target RN and forwards the X2 message towards the target DeNB. Note that the RN has to maintain only one X2 interface, which is to the DeNB and it can send all handover requests to the DeNB, irrespective of the target cell ID.

-
Upon receiving this message, the target DeNB performs admission control on the backhaul link and if that succeeds, the handover request is communicated to the target RN, which then performs the admission control on the access link.

-
If both admissions succeed, the target DeNB sends a Handover Request Ack message towards the source DeNB, which translates it to a Handover Request Ack message towards the source RN. Note that the admission procedure here is the reverse of the admission procedures of alternatives 1 and 3.

-
After the completion of the X2 signalling, forwarding tunnels are established from the source RN via the DeNB to the target DeNB and further on to the target RN. The GTP tunnels are switched at the DeNB. As the DeNB can access the per UE bearer forwarding tunnels and it is also aware of the ongoing handover through the bypassed X2-AP messages, the packet forwarding path can also be shortcut; i.e., unlike alternatives 1 and 3, unnecessary back and forth forwarding over the Un interface can be avoided.
-
After the path switch is made towards the target RN, both UL and DL data are correctly setup to flow between the gatways and the UE. The target RN communicates this to the source RN by sending a UE context release message towards the source RN.

-
Similar to the admission control part, the release of resources in the source DeNB and RN is undertaken in reverse order to that of alternatives 1 and 3. That is, as the source DeNB is aware of the ongoing handover and hence the context release message through the bypassed X2-AP messages, it first frees the backhaul resources and sends a context release to the source RN, which does the release of access link resources.
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Figure 4.3.3.3-1: X2 handover between two RNs under different DeNBs – Alt 4.
End of Text Proposal
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Figure 1: UE handover in LTE release 8.
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Figure 2: UE handover in alternative 1.
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Figure 3: UE handover in alternative 3.
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Figure 4: UE handover in alternative 2.
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