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1.  Introduction
This document discusses measurement issues regarding LTE intra- and inter-RAT mobility:
· Measurement control

· Measurement/reporting quantities

· Measurement timing

· Reporting criteria

2.  Measurements for intra-RAT mobility
In LTE, UEs shall measure relevant quantities and report to the serving eNodeB whenever necessary. The decision for handover shall be performed by the EUTRAN, and the EUTRAN shall direct UEs to perform handover.
2.1  Measurement control

Measurements to be performed by a UE can be controlled by EUTRAN, using broadcast or dedicated control. In LTE idle state, a UE shall follow the measurement parameters specified by the EUTRAN broadcast (as in UTRAN SIB). In LTE active state, a UE shall follow the measurement parameters specified by eRRC commands directed from the EUTRAN (as in UTRAN MEASUREMENT_CONTROL).
2.2  Measurement/reporting quantities

The LTE UEs shall support measurements for handover and cell-selection/reselection. The measurement quantities to be supported are Es/I0 (received symbol energy to interference power density ratio), path loss, and received pilot power (RPP).
· Es/I0:
Under the OFDM working assumption for the LTE downlink access, the Ec/I0 quantity as in UTRA would be irrelevant for LTE. As such Es/I0 shall be measured for the common pilot channel. The Es/I0 quantity would be useful for downlink-optimised handover and cell-selection/reselection. The Es/I0 quantity shall be selectable as a reporting quantity for measurement reports, such that optimisation algorithms can be applied at the EUTRAN side.
· Path loss:
The path loss quantity indicates the path loss between the measured eNodeB and the UE. To enable path loss measurements at the UE, the transmission power of the common pilot channel shall be informed to the UE, using broadcast or dedicated measurement control, whichever relevant for the RRC state. The path loss quantity would be useful for uplink-optimised handover and cell-selection/reselection. The path loss quantity shall be selectable as a reporting quantity for measurement reports, such that optimisation algorithms can be applied at the EUTRAN side.
· RPP:
The RPP indicates the received common pilot power. This is similar to the RSCP quantity in UTRA. The RPP quantity is necessary for detecting out-of-range of a cell. However, the RPP quantity is unnecessary as a reporting quantity.
The shared channel structure of the EUTRA implies large fluctuations of the interference power monitored at the UE. The above measurement quantities shall be sufficiently filtered such that the resulting quantities are unaffected by the fast changing nature of the interference. How to configure the filtering parameters (if necessary) and performance in the specification needs to be studied. The L1/L3 filtering performance should be specified in a simple but effective manner such that the filtering can be optimised for various mobile velocities.
2.3  Measurement timing

In EUTRAN different carrier frequencies are expected to be used simultaneously. Hence, inter-frequency measurements are necessary to enable inter-frequency handover and cell-reselection. In UTRA the compressed mode has been configured to allow for inter-frequency measurements in CELL_DCH, whereas FACH measurement occasions have been configured for such measurements in CELL_FACH. The shared channel nature of the LTE implies that sufficient scheduler gaps shall be configured to support inter-frequency measurements. The serving eNodeB/UE shall apply DTX/DRX to allow the UE to perform inter-frequency measurements. Various gap cycles may be necessary to support various measurements (including both inter-frequency and inter-RAT measurements). Three alternatives to configure scheduler gaps in eNodeB/UE are listed below.
· Alternative 1:  Predefined scheduler gaps can be standardised or configured through OAM. The predefined gap patterns are broadcast (if necessary). The EUTRAN or the UE selects which gap pattern to use, and commands one another by an eRRC or eMAC signalling such that wasteful transmissions during the gaps are avoided. Alternatively, a UE specific identity (such as RNTI) can be used to derive the pattern to use (e.g., by taking SFN mod RNTI), at both EUTRAN and UE sides without specific signalling.
· Alternative 2:  Autonomous gap control can be performed at the eNodeB/UE. For example, the UE can perform inter-frequency measurements autonomously at a certain interval. The gap intervals (that can be chosen depending on e.g., amount of measurements) can be predefined in the specification. This will eliminate the need to manage the gaps at the eNodeB. However, such scheme will waste some radio resources, since eNodeB would be unaware of the measurement timings and occasionally transmit while the UE is not listening. A more sophisticated way to control the gaps autonomously would be to use the CQI. At the UE the CQI will be measured and reported to the serving eNodeB at relatively short intervals to perform link adaptation and scheduling as in HSDPA. The CQI can be used to control the measurement gaps autonomously. Figure 1 shows how this mechanism works. The measurement mode can be triggered when the mean CQI drops below a certain threshold (system parameter), during which gaps are made autonomously by comparing the instantaneous CQI with the mean CQI. If the instantaneous CQI is below the mean CQI, the next CQI measurement interval can be used to perform inter-frequency (or inter-RAT) measurements. The serving eNodeB can perform similar autonomous control to determine the gaps, using the reported CQIs. During each gap the eNodeB refrains from transmitting data to that UE, hence resolving the problem of wasting radio resources. This scheme requires that CQIs are reported sufficiently for aligning the gaps at the eNodeB and UE.
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Figure 1. Autonomous gap control.
Alternative 2 requires standardisations for performance as well as procedures for conformance testing in RAN4/5. Moreover, the randomness of the gap control may occasionally cause all UEs to be measuring. (This is more likely to occur when the number of users in the cell is small.) A similar problem is likely to occur if the gap pattern is determined using a UE specific identity (e.g., RNTI) in alternative 1. However, the autonomous approach of alternative 2 is attractive being free from complex signalling and for possible performance gains. In contrast, alternative 1 with EUTRAN commanding the gap pattern usage is the most conservative and rigid realisation. The flexibility (e.g., scheduling) of such scheme would be bounded by the signalling overhead and complexity. As a way forward, feasibility and performance of autonomous schemes, as in alternative 2 with use of CQI, shall be studied. If no autonomous scheme is found to be satisfactory, alternative 1 should be considered.
For UEs with the capability of receiving multiple carrier frequencies at the same time, such timing control is unnecessary. Moreover, UEs in dormant state may use idle periods of DRX.
2.4  Reporting criteria
In UTRA two types of measurement reporting criteria have been specified, i.e., event triggered reporting and periodic reporting. To simplify the measurement control in LTE, non-essential alternatives should be eliminated. The periodic reporting may be simple in terms of UE implementation. However, insufficient reporting frequency would have considerable impact on the system capacity, due to handovers not taking place at the right timings. The dormant state in LTE is to allow UEs keep eRRC connections for a long time, by saving the battery consumption. Despite such intention, periodic reporting during the dormant state would drain the battery, degrading the effectiveness of the dormant state. The event triggered reporting is more efficient in terms of the radio spectrum usage, and is sufficient for handover control. As such only the event triggered reporting shall be supported in LTE for mobility control. Note that this does not preclude periodic reporting for other purposes such as positioning.
3.  Measurements for inter-RAT mobility
3.1  Measurement control

As for intra-RAT mobility, measurements to be performed by a UE for inter-RAT mobility can be controlled by EUTRAN, using broadcast or dedicated control. In LTE idle state, a UE shall follow the measurement parameters specified by the EUTRAN broadcast (as in UTRAN SIB). In LTE active state, a UE shall follow the measurement parameters specified by eRRC commands directed from the EUTRAN (as in UTRAN MEASUREMENT_CONTROL).
Introduction of the LTE implies co-existence of various UE capabilities. Each UE may support different combinations of RATs, e.g., EUTRA, UTRA, GSM, and non-3GPP RATs, and different combinations of frequency bands, e.g., 800 MHz, 1.7 GHz, 2 GHZ, etc. Moreover, some UEs may support the full LTE spectrum bandwidth of 20 MHz, whereas some UEs may support only a part of 20 MHz. Despite such heterogeneous environment, the measurement load at UE should be minimised. To limit the measurement load and the associated control load, 
· Each UE (user) or operator should have preference on the RATs. Such preference should limit the number of RATs to be measured simultaneously per UE.

· The number of measurement criteria (event and periodic reporting criteria) should be limited (as in TS 25.133 section 8.3.2).

· EUTRAN should be aware of the UE capabilities for efficient measurement control, to prevent unnecessary waking up of the measurement entity.
· The UE capabilities should be categorised to prevent diversion of capabilities and conformance test scenarios.

· UE measurement load can be reduced by supporting some measurements at the RAN side. The concrete semantic for such measurement support is FFS. Support for blind HO (i.e., HO without measurement reports from UE) may be beneficial, should an effective semantic be developed for RAN-performed measurements.

3.2  Measurement/reporting quantities

The measurement quantities to be supported are Es/I0, path loss, and RPP for LTE (see 2.2 for details). Only the Es/I0 and path loss shall be supported as reporting quantities. For UTRAN cells Ec/I0, path loss, and RSCP shall be supported as in the current UMTS specification. For GERAN the carrier RSSI should be supported.
3.3  Measurement timing

For inter-RAT transitions from EUTRAN, the relevant measurements must be performed while in EUTRAN. For these transitions, the measurement timing control is similar to that for inter-frequency measurements described in 2.3. For inter-RAT transitions to EUTRAN, the relevant LTE measurement quantities must be measured using the compressed mode, FACH measurement occasions, or DRX gaps in UTRAN CELL_DCH, CELL_FACH, or other source states, respectively, as appropriate.
3.4  Reporting criteria

Only the event triggered reporting shall be supported for inter-RAT mobility (i.e., no periodic reporting in LTE, see 2.4 for detailed discussion). Since measurement quantities for different RATs cannot be compared directly, the events 3A – 3D configured in the current UMTS specification seem sufficient for the transitions from EUTRA. The UTRAN events 3A – 3D correspond to the cases:
· 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 other system is below a certain threshold.

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

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

Similar events shall be configured for LTE. For the transitions from legacy RATs to EUTRA, the rules configured for the respective source RATs shall be applied.
4.  Conclusions

Measurement issues regarding intra- and inter-RAT mobility were discussed. NTT DoCoMo proposes that sections 2 and 3 above are to be included in the relevant sections (9.1.6 and 9.2.3, respectively) of the RAN2 TR25.813 for LTE.
