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1. Introduction

This contribution is an extension of the intra- AS handover procedure in LTE-ACTIVE described in R3-060038, with some key issues addressed.
· For the aspect of the delay of handover procedure, the delay in handover preparation phase may be not so short, while the handover interruption time is at the equivalent level with other solutions of intra- AS handover procedure in LTE-ACTIVE.
· With the assistance of CPS, the target cell is believed to be most considerate and reliable, this can to some extent reduce the possibility of handover failure due to the selection of a unfavorable target cell. The CPS can also provide a great aid to transact the load and congestion control in certain scenario.
· The CPS is a functional entity, which may be a logical node in E-UTRAN or reside in eNodeB.

2. Discussion
2.1 Data path switch
According to the reference [3], there are two solutions for the data path switch, which are early path switch and late path switch. The main difference betweent the two is that whether the data path switch is executed before or after the handover completion.
→Early path switch
In the early path switch solution, the procedure of data path switch in aGW is parallel with the raido resource synchronisation between the UE and the target eNodeB, which can help to reduce the handover interruption time. While comparing with the late path switch, early path switch brings high ability requirement to the buffer of the target eNodeB. For the error case, it is more complex since the data transferred from target eNodeB back to the source eNodeB is needed.
→Late path switch
In the late path switch solution, the data path switch in aGW is executed after the reception of indication of handover completion in aGW, i.e. the handover is complete in the radio interface. This solution makes easier error case handling when synchronisation failure occurs in the radio interface, since the data packets in the source eNodeB are still effective and it doesn’t need to transfer the data back from the tareget eNodeB to the source eNodeB. While comparing with the early path switch, it takes longer handover interruption time in the late path solution.
During the procedure of data forwarding, the target eNodeB needs first to make the data in the buffer queued, and then make the data received from aGW queued. So in the late path switch solution, there is still data to be forwarded in the target eNodeB during path switch. From this point of view, there isn’t much difference betweent the two solutions. While for the kind of services which are highly delay sensitive, early path switch presents obviously better performance than the late switching solution.
2.2 Key issues of CPS

→Multi-cell information updating and presenting is useful for the intra-AS mobility in LTE-ACTIVE
The multi-cell information mainly includes radio resource occupation status and load information of cells managed by the CPS, which is valuable during the harmonization between eNodeBs.
1 The HCS load balancing and efficient scheduling
Overlapped cell is a widely used technic to enhance the capacity of the coverage areas. The concentrated information brings benefit to balance the load of the overlapped cells. With this information, the user traffic can also be scheduled reasonalbly.
2 Differentiate the handling of various service requirement
· Service requiring data forwarding
· Service not requiring data forwarding
Parts of handover signalling flow can be accommodated according to the different service requirements. For the service combination, the related signalling procedure can be employed according to most optimised parameters set in the service requirement of combination service.
3 Resource release in the source eNodeB
In this proposal, the data link and radio resource in the source eNodeB are released using explicit signalling, detail procedure can be found in [2]. If the data link and radio resource in the source eNodeB are released using implicit strategy, which is using timer to control the release, the related signalling can be reduced, however, the value setting of the timer have to be applicable to all kinds of scenarios. To some extent, resource wasting maybe exist due to the untimely resource release in the source eNodeB. 
→Execution time is mainly in handover prepararation phase, while the handover interruption time is at the equivalent level with other solutions of intra- AS handover procedure
In the proposal of [2], resource pre-configuration in target eNodeB can be performed between the procedure of “Measurement Report” and “HO Command”. If resource pre-configuration can be finished in 40 ms, for a moving UE with velocity of 300km/h, the moving distance in the resource pre-configuration time frame is no more than 4 meters. While several meters mobility for a UE in the cell edge will not do much harm. So, the strategy of resource pre-configuration in eNodeB is feasible, it can help to reduce the handover interruption time.
Due to the considerate selection of a target cell during the handover preparation phase, the continuity of UE service can be reliably assured after handover, which will further reduce the probability of handover failure. Since that handover failure is infrequency, the error case handover handling should not be the main consideration for this intra-AS mobility solution, i.e. the performance affected by the complexity of data transferred from target eNodeB back to the source eNodeB in error case is not needed to be cared so much. 
· Handover begins with HO Command

· Handover ends with HO Commit
The time between the two signalling is deemed handover interruption time. The handover interruption time is at the equivalent level with other solutions of intra- AS handover procedure. So, early path switch is preferred in this contribution.
→Concentrated multi-cell resource status and load information is useful for the implementation of interference coordination
The operation status of the cells can also be available in CPS, such as Enable, Disable, Access restriction etc. These statuses can also be valuable during the selection of the target cell to do the best to increase the accuracy of target cell selection. The high handover success rate is a very important aspect to the overall radio performance.

→CPS Measurement configuration in CPS
The traditional way of measurement reports both from UE and NodeB are handled in a central node, which is RNC. This adds a very high processing load to the central node. Considering this situation, it’s proposed to put the configuration of measurement control in the CPS, while the handling of the measurement reports in eNodeB, and the handling results are transferred to the CPS by eNodeB for the related decision making. The CPS is not involved in the intra-eNodeB scheduling.
2.3 Backward HO

The data forwarding is used for the lossless handover and the early path switch is used for the reduction of handover interruption time. If the error occurs when execution of handover to the target eNodeB after the UE received the HO Command, since the data path switch is already finished, i.e. the packet data has been transferred from aGW to the target eNodeB, the packets both forwarded from the source eNodeB and received from the aGW should be queued, the packet from aGW to the target eNodeB has to be forwarded back to the source eNodeB to maintain the continuity of the UE service.
Since the reliable selection of the best target cell during the handover preparation phase, the handover failure can be deem as infrequent. The complexity of infrequency handling will not do much impact to the overall radio performance.
3. Conclusion

The handover interruption time can meet the requirement of intra-LTE mobility. At the same time, with the concentrated multi-cell radio resource status and load information, the successful handover to the target cell can be assured, this will help to improve both the user experience and the mobility performance.
4. Proposal

It’s proposed to make effective use of the muli-cell information to make a reliable selection of the best target cell during the handover. 
It’s also proposed to include the following intra-AS mobility solutions as one of the options.
---The beginning of the solution---

[image: image1.emf]UE Serving E-Node B Anchor CPS Target E-Node B

Measurement Report

Measurement Report

RRM Scheme /

Handover decision

H/O Preparation Request

Resource Reserving

User Plane establishment

H/O Preparation Confirm

Handover Commit Handover Commit Path Switch Request

Path switching

Capability/Context

User Data

Possible data transfer

Buffering

L1 Handover/

Rx Shared Channel

from target cell

Handover Confirm

User Data User Data

User Data

UP Release Request

User Plane Release

H

/

O

 

B

r

e

a

k 

T

i

m

e

H

/

O

 

P

r

e

p

a

r

a

t

i

o

n 

T

i

m

e

UP Release Response

⑩

②

③

①

④

⑤

⑥

⑦

⑧

⑨


Figure1: Inter-E-Node B handover procedure
The signalling sequence of the intra radio access handover procedure for LTE_ACTIVE is shown in figure 1. It should be noted that the proposed signalling sequence is still high level description however we think that it can be improved in the future.

The overall handover procedure can be categorised in the following procedures.

(1)  Handover decision

The target cell is decided by the CPS based on the received quality of the candidate cells reported by the UE by Measurement Report and other RRM information e.g. the resources availability, processing load etc. in each cell.

(2)  Handover preparation request and Context transfer

The message of HANDOVER_PREPARE_REQUEST with UE context is sent from CPS to target E-Node B.

(3) Resource allocation/reservation
As soon as the message of HANDOVER_PREPARE_REQUEST is received, the target E-Node B allocates and reserves resources for the UE based on the QoS info included in the UE Context.

In order to shorten the interruption of packet transfer to the UE, the necessary resources should be allocated and reserved in the target E-Node B before the UE makes handover so that the target E-Node B can send downlink user packet immediately as soon as the UE moves to the target cell.

(4)  H/O preparation confirm

The target E-Node B responses H/O_PREPARE_CONFIRM to the CPS.
(5)  Handover commits

If H/O_PREPARE_CONFIRM message is received from the target E-Node B, the CPS sends HANDOVER_COMMIT to UE to start the handover procedure.
(6)  Data path switch request
While HANDOVER_COMMIT is sending, the CPS indicates the PATH_SWITCH _REQUEST to the Access GW. The Access GW executes the path switch by changing the destination address from source E-Node B to the target E-Node B and the data will be buffered in the target E-Node B.

The procedure of both UE synchronizing and the path switch are collateral in order to reduce the H/O break time.

(7)  Possible packet forwarding
In order to avoid packet loss in EUTRAN and degradation of throughput at the application layer, e.g. TCP, when HANDOVER_COMMIT command arrives, source E-Node B forwards necessary user packets to the target E-Node B.

The necessary user packet is defined as follows:
    (a) The packet sent by the source E-Node B but the source E-Node B didn’t get the ACK;

    (b) The packet in the buffer of the source E-Node B.
(8)  L1 handover

As soon as HANDOVER_COMMIT is received，UE synchronizes with the target cell.
(9)  Handover confirm

After the synchronization with the target cell, the UE indicates to the target E-Node B that the handover to the target cell is complete.

(10)  UP release
After HANDOVER_CONFIRM received, the CPS indicates source E-Node B to start the procedure of releasing the old UP. 

Then the complete handover steps are finished.
---The end of the solution---
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