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Introduction

Most of the discussions on UTRAN to E-UTRAN interworking so far have focused on idle mode mobility. With the present document, the sourcing companies wish to initiate the analysis of mobility from UTRAN to E-UTRAN in connected mode, and its impact on the UTRAN specifications.

For connected mode mobility from UTRAN to E-UTRAN, one essential feature is the possibility for a UE in UTRA connected mode to be able to perform measurements on E-UTRA cells and report the results of these measurements to the UTRAN. In section 2 some specific aspects related to measurements and measurement reporting of E-UTRA cells are discussed, and some principles for the introduction of this capability in the UTRAN specifications are proposed.

In section 3, some aspects related to handover from UTRAN to E-UTRAN are discussed.

Principles for measurement and measurement reporting
Compressed mode activation
In order for a UE in CELL_DCH state to be able to synchronise to and perform measurements on E-UTRA cells, compressed mode may be required. RAN4 has decided to define one single compressed mode pattern for synchronisation to E-UTRA cells and measurement of cells to which the UE has already synchronised to; to this purpose, a new transmission gap pattern with measurement purpose "E-UTRAN measurement" has already been defined in TS 25.133. It is proposed that the RAN4 agreement is followed in RAN2. For this reason, a new Transmission Gap Measurement Purpose needs to added to the TGMP field in TS 25.331, in order to signal to the UE the activation of a pattern for E-UTRA measurements. It is proposed that for the gap definition, the same parameterisation (TGPL, TGL1, TGD etc) as today can be reused. Additionally, given that a new sequence is defined, the maximum number of parallel sequences that can be activated in the UE needs to be increased by 1; in other words, the constant maxTGPS needs to be increased from 6 to 7.

Proposal 1: Only one measurement pattern will be defined for E-UTRA measurements.
Event configuration
Within the measurement control information, the UTRAN notifies the UE which events should trigger the UE to send a measurement report to the network. In TS 25.331, four reporting events are defined for inter-RAT measurements (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). These events can also be used to trigger measurement reporting of E-UTRAN cells. 
Proposal 2: Events 3a, 3b, 3c, 3d will be extended for E-UTRA.
At present, during an active connection, compressed mode patterns can be activated or deactivated by the network depending on the signal level of the serving cell. For example, in the case of FDD, depending on the triggering of events 1e (a Primary CPICH becomes better than an absolute threshold) or event 1f (a Primary CPICH becomes worse than an absolute threshold. A similar mechanism could be used also for compressed mode patterns for E-UTRA measurements. It is expected that no new criteria to activate the compressed mode patterns are needed.

Proposal 3: Existing intra events are assumed to be enough for triggering CM pattern (eg event 1E/1F could be used). Assume no changes needed.

In E-UTRAN, it is possible for the network to indicate to the mobile whether RSRP or RSRQ is used as the measurement quantity to trigger a particular measurement reporting event; this is signalled by the network when configuring the report triggering criteria (see the content of the ReportConfigEUTRA IE in TS 36.331). It is proposed to follow the same principle in UTRAN as well. The triggering quantity could be different for different events.
Proposal 4: Possibility to define either RSRP or RSRQ trigger thresholds.
In addition to event-triggered reporting, in UTRAN it is possible to have also periodic reporting of measurements. It should be decided whether periodic reporting of E-UTRA measurements should be possible. The preference of the sourcing companies is that this should be allowed. In that case, it should be decided whether periodic measurements should be set up for one frequency or for all frequencies.

Proposal 5: Periodic reporting is needed, for all frequencies.

Regarding the definition of the reporting events, there are several options for the scope of the events. In particular, each event could cover:
a) all E-UTRA frequencies (one global E-UTRA triggering threshold for all frequencies)
b) one E-UTRA frequency (one triggering threshold for each frequency)
c) Groups of cells on an E-UTRA frequency (multiple triggering threshold even for one frequency)

The preference of the sourcing companies is for option b, where one event applies to only one E-UTRA frequency (hence there could be multiple events of the same type). One disadvantage with this option is that extra signalling is needed in the event setup so that an event can be associated with a particular frequency. However, this is not considered to be major drawback.
Proposal 6: Adopt option b): one event per E-UTRA frequency.
The UE is able to support several reporting criteria in parallel per category; these are defined in TS 25.133 (see the quantity Ecat in Table 8.10). There is also a requirement that for the measurement categories Intra-frequency, Inter frequency, Inter frequency (virtual active set), and Inter-RAT the UE need not support more than 18 reporting criteria in total. The maximum number of additional events required for E-UTRA measurements needs to be determined (at present in 25.133 it is indicated as TBD). However, this is considered to be outside the scope of RAN2, and within the scope of RAN4.
Proposal 7: The definition of how many additional events (max) are needed is under RAN4 responsibility.
3. Measurement Reports
For measurement reports in E-UTRAN, it is possible for the network to indicate to the mobile whether to report only the measurement quantity that has triggered a particular measurement reporting event, or both RSRP and RSRQ (see the content of the ReportConfigEUTRA IE in TS 36.331). It is proposed to follow the same principle in UTRAN as well.
Proposal 8: Report either the trigger quantity or "both" ("both" = report RSRP and RSRQ).
For E-UTRA it has been decided to use the blacklist approach; this means that no detailed description of the neighbour cells is provided, only their centre frequencies. For this reason, it is not possible for the UE to refer to a particular frequency to the network by providing an index within the neighbour cell list (as it is done for UTRAN, GSM and cdma2000 cells). For this reason, when reporting the measurement for a particular cell, the UE needs to include the Physical Layer Cell Identity of the cell in the measurement report.

Proposal 9: The UE includes the PCID of measured cells in the measurement reports.
In the measurement report, the centre frequencies of the reported cells need also to be indicated. This could be done using at least two methods:
a) Explicit EARFCN; or
b) Indirect index to a frequency list
In the first case, 15 bits per frequency are required; in the second case, assuming that the maximum number of frequencies is 8, only 3 bits per frequency are required. So the first method has the disadvantage that a higher number of bits is required. However, it is expected that the signalling will be organised in such a way that the UE can report multiple cells for each frequency; when multiple cells on the same frequency are reported, the EARFCN needs to be indicated only once. For this reason, the additional number of bits required might not be too significant.

The second case, on the other hand, requires the UE to store the information about the neighbour E-UTRA frequency in a variable which requires a “tight management” (similar to the management of the neighbour cell information in the variable CELL_INFO_LIST, see subclause 8.6.7.3 of TS 25.331), so that when the UE uses an index in the report, the network knows exactly what information is contained in the indexed position within the list.

Proposal 10: RAN2 should discuss which of the options above should be chosen to indicate the frequency in the measurement reports.
The maximum number of cells that the UE can report per frequency should be defined. RAN4 has agreed that the mobile capabilites regarding E-UTRAN measurements. For this reason it is proposed that the maximum number is limited to 4. However, the network has the option to signal to the UE a lower maximum number of cells to report.

Proposal 11: Reporting to be limited to maximum 4 cells per frequency (but could be configured by the network to a lower number).

Handover Command (PS Handover)
TS 23.401 contains a Stage 2 description of the inter-RAT handover procedure from UTRAN to E-UTRAN. One of the principles is that all the information required by the UE in the new cell is provided by the target eNodeB, and is delivered to the UE by means of an “Inter-RAT message” which is included in the HO command. This message is encoded according to the E-UTRA specifications, and is transported from the target eNodeB to the source RNC over the core network within Transparent Containers.

Once the UE has received a HANDOVER FROM UTRAN COMMAND and has moved to the target E-UTRA cell, the UE performs access procedures toward the target eNodeB. The first action of the UE is to send a message on the PRACH to establish the connection in the target cell. In order to do so, the UE needs to know the parameters of the target E-UTRAN cell. It is assumed that these parameters will not need to be read by the UE from the system information of the target cell, but are provided to the UE in the handover command. As a general rule, the network will not need to transfer all of the system information of the target cell, but only the parameters that will be needed by the mobile to continue the ongoing connection in the target cell. It is worth noting that the “inter-RAT messages” used for UTRAN to E-UTRAN handover are the same as those used for intra-E-UTRAN handover, and are defined in the 36 series of the specifications. Although the definition of those messages is outside the scope of UTRAN, it will need to be checked that all the parameters needed in the target cell by a UE coming from UTRAN are present in the container; if this is not the case, some of these parameters will need to be included in the UTRAN specifications as part of the handover command.

Proposal 12: HO command needs to contain all physical layer parameters to at least allow UE to make an initial PRACH access without reading system information in the target cell.
Regarding the information about UTRA to be included in the handover command, the same principles as handover to GSM should be followed as much as possible. For example, the handover command will include information about RABs to be established in the new cell, as is currently the case for handover to GSM. This is because there may be situations where it will not be possible for all the ongoing RABs to be handed over. For example, for PS handover (i.e. excluding the case of SR-VCC) any RABs associated with CS connections will not be handed over to LTE.
Proposal 13: Keep the same principles as in the case of HO to GSM regarding what information about UTRA needs to be included in the HO command (e.g. a list of UTRA RABs that are being handed over).
Conclusions

In this document, a discussion of the principles for the measurement of E-UTRA cells and the reporting of the results to the network has been carried out. Some proposals for their introduction in the UTRAN specifications have been made. Also, some principles to follow for inter-RAT handover from UTRAN to E-UTRAN have been reviewed. It is requested that these proposals are discussed by RAN2; based on the outcome of the discussion, a corresponding Change Request to TS 25.331 will be presented at the next meeting.
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