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1 Introduction

RAN2 has recently discussed an improvement in E-UTRA to UTRA handover, in which MC-HSDPA is configured as part of the handover. 

In the current specifications, during an inter-RAT handover, E-UTRA can only hand over to a single 5MHz  UTRA carrier. If the E-UTRA carrier has 10 or 20MHz bandwidth, or E-UTRA multicarrier is configured then following handover to 5MHz UTRA, the user will experience a large reduction in bandwidth and associated with that, a reduction in data rate and user experience. This can be rectified by means of configuring MC-HSDPA following handover, however there will be a procedural delay in which the user will experience the performance loss.
To avoid such an impact to user experience, as indicated in [1], RAN2 has decided to include signaling to enable handover directly to DC-HSDPA, DB-DC-HSDPA, DC-HSUPA and 4C-HSDPA.
Multicarrier HSDPA handover has potential impact to the RAN4 specifications. 36.133 sets a requirement on a maximum interrupt time for handover and an associated test case. For handing over to multiple carriers, there may be a risk of an increased interruption time due to an increased UE processing.
2 Current RAN4 requirements for E-UTRA to UTRA handover
Handover related requirements include cell reselection in idle mode, measurement requirements and handover interruption time. Handover to UTRA occurs only in connected mode, and thus reselection related requirements will be unaffected. Furthermore, it is reasonable to expect that mobility related measurements will be configured and operate in a similar manner to the existing single carrier handover, and thus measurement related requirements will not be impacted.
Interruption time is the only requirement that has a potential to be impacted, and so is examined in more detail in this section. The interruption time requirement from 36.133 is copied below:

5.3.1
E-UTRAN - UTRAN FDD Handover

5.3.1.1
Introduction

The purpose of inter-RAT handover from E-UTRAN to UTRAN FDD is to change the radio access mode from E-UTRAN to UTRAN FDD. The handover procedure is initiated from E-UTRAN with a RRC message that implies a hard handover as described in TS 36.331 [2].
5.3.1.1.1
Handover delay

When the UE receives a RRC message implying handover to UTRAN the UE shall be ready to start the transmission of the new UTRA uplink DPCCH within Dhandover seconds from the end of the last E-UTRAN TTI containing the RRC MOBILITY FROM E-UTRA command.

where:

-
Dhandover equals the RRC procedure delay, which is 50 ms plus the interruption time stated in clause 5.3.1.1.2.

5.3.1.1.2
Interruption time

The interruption time is the time between the end of the last TTI containing the RRC command on the E-UTRAN PDSCH and the time the UE starts transmission on the uplink DPCCH in UTRAN FDD, excluding the RRC procedure delay. The interruption time depends on whether the target cell is known to the UE or not.

The target cell is known if it has been measured by the UE during the last 5 seconds otherwise it is unknown. The UE shall always perform a UTRA synchronisation procedure as part of the handover procedure.

If the target cell is known the interruption time shall be less than Tinterrupt1

Tinterrupt1 = TIU+Tsync+50+ 10*Fmax ms

If the target cell is unknown the interruption time shall be less than Tinterrupt2

Tinterrupt2 = TIU+Tsync+150 + 10*Fmax ms
This requirement shall be met, provided that there is one target cell in the MOBILITY FROM E-UTRA command. Performance requirements for E-UTRA to UTRA soft handover are not specified. When UE is connected to an E-UTRA cell, UTRA SFN timing measurements are not reported. This implies that the timing of the DPCH of the UTRA target cells in the active set cannot be configured by UTRAN to guarantee that all target cells fall within the UE reception window of T0 +/- 148 chips.
Where:

TIU
is the interruption uncertainty when changing the timing from the E-UTRAN to the new UTRAN cell. TIU can be up to one UTRA frame (10 ms).

Fmax 
denotes the maximum number of radio frames within the transmission time intervals of all transport channels that are multiplexed into the same CCTrCH on the UTRA target cell.

Tsync 
is the time required for measuring the downlink DPCCH channel as stated in TS 25.214 [20], clause 4.3.1.2. In case higher layers indicate the usage of a post-verification period Tsync=0 ms. Otherwise Tsync=40 ms.

The phase reference is the primary CPICH.

The requirements in this clause assume that N312 has the smallest possible value i.e. only one insync is required.

The interruption time depends on whether the target cell is identified, whether post verification is configured and the TTI on the DCH. It should be noted that when HS-PDSCH is configured together with F-DPCH, the parameter Fmax is rather ambiguous. It may be reasonable to assume that since the HS-PDSCH TTI is 2msec, Fmax is 0.2 radio frames. However due to the potential for HARQ retransmissions, the actual time taken to receive a PDU may be greater than a single TTI. Note that typically, for a DCH control channel the TTI is 40msec.
Observation 1: Fmax is ambiguous when HS-PDSCH is configured. It could be clarified to be 0.2, or to be 4 to align with DCH handover and allow for the configuration of retransmissions.
A test case is defined in section A.5.2.1. The test case implicitly assumes that DCH is configured with a TTI of 40msec (This is implied by the interrupt time, which relies on Fmax being 4 and by the lack of parameters for configuring HS-PDSCH). With this DCH configuration, the interrupt time is 190msec.

Observation 2: The current test case assumes DCH handover
3 Requirements for E-UTRA to UTRA multicarrier handover
The current requirement does not explicitly set an interruption time for a multicarrier handover. In principle, since during single carrier operation it is possible to enable and disable carriers independently, it should be possible for the UE to independently set up connections on the carriers and have the full bandwidth available within the same interruption time as single carrier operation.
However in particular for the case of unidentified cells, it may be that for some implementations, cell detection and handover functionality may need to be shared between cells and the time between the handover command and the full bandwidth being available may be longer than the current interruption requirement.

In such cases, it would be preferable to ensure that the interruption time for the primary carrier remains the same as for single carrier operation. This ensures that mobility performance for existing networks will not be compromised. If necessary, then an extension of interruption time could be allowed for on the secondary carrier(s).
Proposal 1: For multicarrier handover, it would be preferable for the interruption time from the start of E-UTRA handover to the primary carrier being available to remain the same as for the single carrier case. The time for secondary carriers to become available could be extended if needed.
Multicarrier handover can only be configured for HSDPA operation. As discussed in section 2, the current test case assumes a DCH configuration. Thus, test case parameters should be provided for a test of handover to HS-PDSCH, at least for multicarrier operation

Proposal 2: Test case parameters for handover to HS-PDSCH, at least for multicarrier operation, should be provided.
4 Conclusion

Observation 1: Fmax is ambiguous when HS-PDSCH is configured. It could be clarified to be 0.2, or to be 4 to align with DCH handover and allow for the configuration of retransmissions.
Observation 2: The current test case assumes DCH handover
Proposal 1: For multicarrier handover, it would be preferable for the interruption time from the start of E-UTRA handover to the primary carrier being available to remain the same as for the single carrier case. The time for secondary carriers to become available could be extended if needed.
Proposal 2: Test case parameters for handover to HS-PDSCH, at least for multicarrier operation, should be provided.
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