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1
Introduction

Inter-RAT handover and cell reselection are important issues for realising seamless mobility across different RANs. Although TR25.913 states that inter-working with legacy 3GPP RANs is a requirement for E-UTRAN, TR25.913 also states that the reduction in network/terminal complexity and cost by not mandating inter-RAT measurements and transitions should be considered. In this context, the contribution discusses several issues regarding inter-RAT handover and cell reselection:

· State transitions to support

· Measurement control

· Handover and cell reselection criteria
2
State transitions to support
One of the eminent issues in realising inter-RAT transitions is to determine the state transitions that are to be supported in the specification. In the LTE meeting in Tallin, a conclusion was reached, i.e., “for inter-system inter-working, transitions between all RRC states of UTRAN/GERAN and all RRC states of E-UTRAN might not be required.” In [1] the transitions between the UTRAN and E-UTRAN RRC states have been identified, and those essential have been suggested.
In the initial stage of E-UTRAN deployment, the E-UTRAN coverage is likely to be limited to densely populated area and hot spots, whereas the UTRAN and GERAN coverages are likely to be near completion. Hence, supporting downward transitions from E-UTRAN is crucial to provide service continuity as a UE moves beyond the E-UTRAN coverage border (Fig. 1). However, some upward transitions might be unnecessary. By supporting only the essential transitions, the RRC protocol and related measurements can be simplified.
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Figure 1.  Abstract representation of inter-RAT transitions.
Figure 2 reproduces the transition diagram shown in [1] between the UTRAN and E-UTRAN RRC states, with some alternative suggestions. The UTRAN_IDLE – LTE IDLE transitions are relatively easy to realise in both directions, as UEs will have enough time to perform the relevant measurements. As in GERAN - UTRAN IDLE state transitions, the UE can perform measurements autonomously, utilising the cell reselection parameters directed by the RANs. As suggested in [1] the IDLE state transitions should be mandated on both directions. Another transition that should be mandated is the downward transition from LTE ACTIVE to CELL_DCH. This is due to the aforementioned reason, i.e., to provide service continuity. However, the inverse transition from CELL_DCH to LTE ACTIVE may not be needed as the UE would be able to move to E-UTRAN during its IDLE mode, after ending the session over the CELL_DCH. Omitting the transition from CELL_DCH to LTE ACTIVE would not degrade service continuity, unless the UTRAN coverage is less in parts than E-UTRAN. By eliminating the transition from CELL_DCH to LTE ACTIVE, the UE does not have to measure E-UTRAN cells during CELL_DCH by for example, activating compressed mode. This will reduce terminal and network complexities considerably. The necessity of the CELL_DCH to LTE ACTIVE transition (as well as the other transitions not mentioned) should be assessed considering both the service/performance requirements and terminal/network complexities.
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Figure 2.  Transitions between UTRAN and E-UTRAN RRC states.
3 Measurement control
3.1
Measurements for handover from E-UTRAN

For a UE or the network to decide on a handover from E-UTRAN to UTRAN/GERAN during LTE ACTIVE, the UE (or the E-UTRAN) must measure the relevant quantity, e.g., the CPICH Ec/N0 and carrier RSSI. Table 1 summarises measurements that can be made available at the UE and E-UTRAN. By supporting some measurements in the E-UTRAN side, the measurement load on the UE side can be relieved, and biases unique to individual UE can be suppressed. However, since only the serving node can measure the serving link, choosing the optimum connection may be difficult without inter-working between RANs. If inter-working is supported between E-UTRAN and legacy RANs, optimisation would be possible at a cost of increased complexity. Figure 3 illustrates this trade off relation. The level of inter-working should aim for the optimum balance between performance and complexity. Moreover, the measurements to support in either side should be optimised (minimised) considering the inherent complexity as well as the resulting performance. Supporting all quantities listed in Table 1 is extravagant, and unnecessary quantities should be eliminated to simplify measurements and the related control.
Another approach to reduce the UE measurement load is to limit the number of RATs that can be measured simultaneously. Even in places where E-UTRAN, UTRAN, and GERAN have sufficient coverage, it is unlikely that measurements are required for all the RATs at the same time. An operator should have a preference on transitions, and as such, limiting the number of RATs is unlikely to cause a problem. Feasibility of such limitation should be assessed.
Table 1.  Measurement candidates for handover from E-UTRAN.

	Measurement side
	Measurement timing
	Measurement quantities
	Comments

	UE
	· UE can detect and use gaps caused by the scheduler.

· The gaps may have to be divided among intra- and inter-RAT measurements.

· The scheduler must be aware not to schedule the same user continuously to allow for measurements.
	· UTRAN FDD:  Ec/N0, RSCP, path loss

· UTRAN TDD:  Path loss, RSCP, ISCP

· GERAN:  RSSI, BSIC
	· Straight forward from inter-RAT from UTRAN measurements.

· Some added UE complexity.

· Throughput may be reduced due to measurements.
· Complexity and throughput degradation can be suppressed by limiting the number of RATs to measure simultaneously.
· SIB11/12 and MEAS_CTRL can be used over E-UTRAN to assist UE with an inter-RAT neighbour list.

	E-UTRAN
	· Periodic
	· Avg. CQI, DL Tx power, UL interference, UL BLER, DL outer ARQ retransmission rate, etc.

	· Measurements performed only in the serving node using available information.

· UE complexity and measurement load may be reduced by RAN assist, e.g., letting UE halt measurements while the link quality is good (note that such control can also be performed at UEs autonomously).
· Better performance can be achieved by inter-working, at a cost of increased complexity.
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Figure 3.  Complexity-performance trade off of RAN inter-working alternatives.
3.2
Measurements for handover to E-UTRAN

To support upward handover from UTRAN to E-UTRAN in RRC connected mode, measurements of E-UTRAN cells have to be supported during the respective state. The measurement timing depends on the RRC state, e.g., gaps created by compressed mode during CELL_DCH, and FACH measurement occasions in CELL_FACH. These measurement opportunities must be divided among the inter-frequency UTRAN, GERAN, and E-UTRAN measurements. As such, measurement opportunities will be reduced per RAT, which may deteriorate performance not only in the case of handover to E-UTRAN, but also to GERAN. Moreover, such measurement control imposes additional complexity, especially on the UE. Although supporting E-UTRAN measurements would be a straight forward upgrade from the current inter-RAT measurement, such impact on the performance and complexity should be accounted for. As in the handover from E-UTRAN case, limiting the number of RATs to measure can be a solution. This will limit the number of compressed mode sequences to be activated simultaneously for different RAT measurements.
Another necessary update will be to support E-UTRAN cells in the neighbour list. RRC messages such as SIB11/12 and MEASUREMENT_CONTROL need update to support E-UTRAN cells. The essential information to be included for E-UTRAN cells, e.g., code, frequency, and timing (of pilot, frame, etc.), must be clarified considering physical layer implications. For example, the impact of flexible spectrum allocation needs to be studied, together with how the SIB11/12 (or the like) should be transmitted. In the current specification, the neighbour list size (and also the CELL_INFORMATION_LIST size) is limited to 32 for inter-RAT cells. The sufficiency of this size should be confirmed, especially if all E-UTRAN and GERAN neighbours are to be fitted.
To facilitate the standardisation and migration towards LTE, the changes incurred on the current specifications should be minimised. Omitting handover to E-UTRAN in connected mode can be an alternative solution.
3.3
Measurements for cell reselection

As in the case of handover, essential measurements required to support inter-RAT cell reselection should be studied, taking into account the complexity and performance implications. Supporting inter-RAT cell reselection would be relatively easier than inter-RAT handover since UEs would have plenty of time for sufficient measurements. However, the relevant quantities, as well as control issues, e.g., how to direct measurement parameters to UEs, need to be clarified.
4 Handover and cell reselection criteria

4.1
Handover criteria

The current UTRAN specification has various events configured for initiating inter-RAT handover. Applicability of these events on inter-RAT handover to E-UTRAN must be assessed. In addition, assuming that E-UTRAN RRC bases on the Release 6 RRC protocol, relevance of these events for E-UTRAN should be assessed.

Events 3A, 3B, 3C, and 3D are those specifically intended for inter-RAT handover:

· Event 3A:  The estimated quality of the currently used UTRAN frequency is below a certain threshold, and the estimated quality of the other system is above a certain threshold.

· Event 3B:  The estimated quality of the other system is below a certain threshold.

· Event 3C:  The estimated quality of the other system is above a certain threshold.

· Event 3D:  Change of best cell in the other system.

Whether these events are suitable for inter-RAT handover from/to E-UTRAN should be assessed, considering the L1 aspect of the E-UTRAN. Moreover, relevance of other events such as

· Event 4A, 4B: Traffic volume measurements

· Event 5A:  Quality measurements

· Event 6A-6G:  UE internal measurements

· Event 7A-7C:  UE positioning events

for E-UTRAN needs to be clarified, and any inadequate events must be revised or removed. For example, Event 5A, i.e., CRC faults exceeded a predefined number, is a relevant QoS measure only for constant rate services, and is irrelevant for PS oriented services. Event 6C, i.e., the UE transmission power reaches the minimum value, has little practical value. Non-essential events should be removed to simplify the specification. Similarly, only the reporting quantities essential for quality indication should be defined. For instance, supporting Ec/N0 and path loss would be sufficient for optimisation in terms of the DL and UL, respectively.
4.2
Cell reselection criteria

The cell reselection criteria should also be assessed similarly as for handover control. Relevance of the measurement quantities (e.g., Ec/N0 and RSCP), criteria (e.g., Srxlev > 0 and Squal > 0), and parameters (e.g., SsearchRATm) should be studied for E-UTRAN.
5 Conclusions

Issues regarding inter-RAT handover and cell reselection have been addressed. We suggest that the specifications for the RRC protocol and the related measurements should be made as simple as possible to facilitate the standardisation and migration towards E-UTRAN, reflecting only the essential features. As such, the state transitions and measurements to support should be specified considering both the service/performance requirements and terminal/network complexities. To mitigate the additional complexity introduced by inter-RAT handover, a proposal has been made to limit the number of RATs that can be measured simultaneously.
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