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1. Introduction

As has been specified in TR25.913: ‘the E-UTRAN shall support techniques and mechanisms to optimize delay and packet loss during intra system handover’ even for cases with high mobility up to several hundred km/hr [1]. Several concepts and approaches have been proposed in previous meetings to reduce interruption time introduced by handover [2-5]. All of them imply that layer 1 process becomes critical and is the remaining form factor dominating the interruption time. In this document, we propose the use of a generic association procedure to save the time spent in layer 1 process so that the resulted interruption time could be reduced further.

2. Handover procedures

A typical handover (HO) procedure comprises three sequential phases: measurement, decision, and execution. In general, the execution phase is completed by layer1, layer2 and layer3 processes (that are denoted as L1, L2 and L3 process for short from now on). The main objectives associated with each process are listed below:

· L1 process:
  mainly for synchronization and power adjustment between UE and 

target E-NodeB (eNB). 

· L2 process:
  to make sure in-sequence packet delivery and success of 

retransmission in MAC and RLC layers (e.g. via ARQ and data 

forwarding). 

· L3 process:
  to set up a RRC connection, CP/UP establishment and to complete the

other network functions (such as pre-configuration).

As concluded by RAN#30, only hard handover will be considered in LTE system. Therefore, only hard handover will be considered in this contribution. However, the same principle suggested in our proposal can be applied equally well to soft handover cases.

A conventional hard handover procedure is shown in Figure 1 where the on-going service or transmission will be interrupted once getting into execution phase. In this scenario, the total interruption time will be the sum of process time spent respectively in L1, L2, and L3. 
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Figure 1 conventional handover procedure




Several new concepts (like pre-configuration, path-switching, data forwarding, and bi-casting) have been proposed in previous meetings to reduce the interruption time [2-5]. Two new attractive scenarios have been depicted in Figure 2 and Figure 3 that show different relationship between L1, L2, and L3 processes in the new handover procedures. The first scenario shown in Figure 2 reveals that L1 process time is the only factor that determines the resulted interruption time. The other scenario is shown in Figure 3 where L1 and L2 processes are executed in parallel. The total interruption time in this case is equal to the maximum of time spent in L1 and L2 process. However, as L1 process time always dominates [6], the total interruption time in this scenario is also determined by L1 process time. Unlike the conventional handover procedure, L1 process time in these two scenarios becomes so critical and dominating that we might need extra efforts to possibly make it shorter in order to reduce the interruption time further.

Toward to this end, a generic association procedure conducted during measurement phase is proposed as detailed in the next session.
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3. Proposal

3.1 Generic association procedure

The concept of a generic association procedure is shown in Figure 4 (here, we take Figure 2 as an example without loss of generality). Association here, in some sense, means a pre-acquisition process in link level. After reserving a scheduled gap in the on-going transmission with serving eNB, UE tries to acquire link level parameters of neighbor eNB by listening and interacting with that eNB, before a real HO process with that target eNB is activated in the future.

All the acquired parameters during the pre-acquisition process are stored in a look-up table located in the UE. During the handover procedure to the target eNB, UE initiates a L1 process by getting parameters of that target eNB directly from the look-up table. Hence, the time spent in L1 process can be saved accordingly due to the time saved in pre-acquisition process and partly due to possible reduction of uncertainties in synchronization and power setting at link level.

However, as UE is still in active mode and a scheduled gap has to be reserved for an association procedure, the QoS (mainly the latency) of the on-going data transmission between UE and serving eNB will be degraded. Therefore, tradeoff has to be carefully made to gain benefits from pre-acquisition via association procedure.
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Figure 4 new handover procedure with association




The following parameters could be acquired during a measurement phase with a generic association procedure being implemented:

· Signal strength of the common pilot channel:
eg. RSSI

· Synchronization information:


eg. Time / frequency offsets

· System information in broadcast channel

· Adjustment and setting on the transmit power

· Channel state information: 

e.g. Channel Quality Indication (CQI)

Depending on how much time is allowed for the scheduled gap (i.e. QoS requirement of the on-going data transmission between UE and serving eNB) and on the process time needed to complete all functions during the whole measurement period, a generic association procedure could be ended at different stages. Five possible stages are proposed in table 1. Some stages in this table can be completed simply by receiving and measuring signals at the UE site (e.g. stage 1~3 need only a normal measurement process on common pilot channel to get signal strength information and on synchronization channels to acquire synchronization information and to read system information as done in legacy 3GPP system.) The others need several iterations of closed loop functions to complete a process (e.g. stage 4 needs several iterations of closed loop functions to negotiate between UE and target eNB and then find a suitable level of transmit power. Stage 5 needs time to feedback and send report to target eNB the acquired CQI obtained at stage 2). Different levels of tradeoff among these stages have been included and shown in Table 1.
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The detailed procedure for a generic association procedure is shown in Figure 5. In this example, the measurement / association request is issued by UE. The Serving eNB then decides and sends responses and decisions to UE and target neighbor eNB including scheduling information of measurement gap.
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Figure 5 Message sequence chart of a generic association procedure





3.2 Discussions

The following issues have to be solved to complete a generic association procedure:

· Which UE is suitable to trigger the association
When UE experiences rapid channel variation, parameters acquired during association procedure may become useless. We propose that higher priority shall be assigned to those UEs with lower mobility to trigger association once needed. Nevertheless, the acquired parameters can be served as good guesses to the initial values in spite of the mobility of UE.

· Which candidate target eNB’s shall be associated

An association procedure introduces signaling overhead and complexity both in UE and all involved eNB’s. The situation becomes worse when more and more eNB’s are involved. Thus, the number of eNB’s that are to be associated has to be decided. We propose the candidate target eNB’s to be associated shall be limited to those appeared in candidate list that has been determined during initial cell search process.

· Selection of association stage

As said in section 3.1, this will be a tradeoff between QoS, complexity and layer 1 process time. Also, the decision-making shall be up to UE mobility.

Note that, in addition to active mode transmission, this association procedure can also be applied as well to cases in idle mode to fulfill pre-acquisition process in link level.

4. Conclusions

In this contribution, we propose a generic association procedure to reduce L1 process time further that becomes critical in handover procedures as shown in Figure 2 and 3. It is proposed to discuss and include this generic association procedure in TR25.813 and sends this message to RAN1 for further discussion on the related measurement issues.
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