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1 Introduction
In Rel-8 for DC-HSDPA, a new UE measurement capability was introduced to allow the UE to search the adjacent frequency without compressed mode. With this measurement capability signalling the UTRAN can determine whether the use of compressed mode can be avoided or not. In Rel-9 DB-HSDPA, a similar UE measurement capability was introduced to allow the UE to perform inter-band frequency measurements without compressed mode.

There were some discussions regarding the UE measurement capablity requirement for 4C-HSDPA UE in the last meeting [2][4]. In this contribution, we will do some further discussions.
2 
Discussion
2.1 Number of carriers UE be able to monitor
In the current spec of 25.133[1], it is specified that for a UE in CELL_DCH state, when a single uplink carrier frequency is configured, or when dual uplink carrier frequencies are configured, the UE shall be able to monitor up to:
-
32 inter frequency cells, including

-
FDD cells distributed on up to 2 additional FDD carriers and

With the increased requirement of wireless wideband, it will be more attractive for the operators to deploy 3/4 carriers HSDPA in the hot-spot regions. For example, as the scenario shown in Figure1 below, where
· In sector 1, four frequencies are configured (f1, f2, f3 and f4, which are adjacent frequencies in a single band or are belong to two different bands). 

· In sector 2, three frequencies are configured (f1, f2, f3).

· UE is camping on sector 1 and f4 is configured as the primary frequency because of uplink load balance.

· UE is moving from sector 1 to sector 2.
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Figure1 UE is moving from sector 1 (with 4 frequencies) to sector 2 (with 3 frequencies)
In order to guarantee the target serving HS-DSCH cell to always be the best cell, the UE will have to measure all the three frequencies (f1, f2 and f3), while according to the current UE measurement capability requirement, the UE is only be able to measure up to 2 inter frequencies. As the consequence, the UE mobility performance for 4C-HSDPA is compromised in the hot-spot regions. Therefore it will be beneficial to increase the UE measurement capability to measure up to 3 additional FDD carriers. Considering the extra complexity that required, the increased capability shall be restricted to the 4C-HSDPA UE only. 

Proposal 1: Increase the measurement capability of 4C-HSDPA UE to up to 3 additional FDD carriers.
2.2 Extra measurement requirement
For the UE in the compressed mode, according to [1], it could be concluded that the measurement periods are scaled by the number of inter-frequencies indicated in the Measurement Control information. Therefore for one 4C-HSDPA UE, since it will monitor up to 3 additional frequencies with compressed mode, longer measurement periods will be taken by the UE, which will introduce extra handover delay even cause handover failure. The extra handover delay could be reduced by increasing the length of the measurement gaps somewhat. However it will come up with the increased downlink throughput degradation and the negative impact on the power control. 
In order to solve the issue above, there are 2 ways forward as follow:
1. UE is mandatory required to measure at least one additional carrier (in addition to the primary carrier) without compressed mode, regardless of whether dual uplink frequencies are configured.
Since one of the additional carriers can be measured by the UE in absent of compressed mode, the measurement requirement for the remaining 2 additional carriers can be kept unchanged.
2. Introduce looser measurement requirements for 2 additional carriers.
As what was discussed in [2], the measurement requirement in the 2 additional carriers could be relaxed to match the requirement for the case when it is required to search only on one carrier. For example, the UE could search simultaneously 4 cells each on f3 and f4 every 200ms or could measure 8 cells on either f3 or f4 (depending on which one is configured in the Measurement Control message) every 200ms.
As identified in [3] for LTE, the trade-off between number of frequencies and number of cells in complexity is not a 1:1 relationship, for example the effort required to monitor up to two cells on two carrier frequencies is considerably more than the effort required to measure up 4 cells on one carrier frequency. Therefore, the solution 2 could not reduce the complexity caused by the extra carrier to monitor, on the other hand it will involve more impact to the current inter-frequency measurement requirement. The solution 1 is preferred, because it is similar to the optional measurement capability for DC-HSDPA and DB-HSDPA and the mandatory measurement capability for DC-HSUPA.

Proposal 2: 4C-HSDPA UE shall be mandatory required to measure at least one additional carrier without compressed mode.
Depending on the implementation, in order to avoid the downlink throughput degradation caused by compressed mode, some 4C-HSDPA UEs may have the capability of doing the measurement without compressed mode on all the configured carriers. The awareness of such UE measurement capability will help the network to determine the proper configuration.

Proposal 3: 4C-HSDPA UE shall signals to the network the number of remaining carriers (in addition to the primary carrier and the secondary carrier that UE is mandatory required to search without compressed mode) on which it can measure without compressed mode.
3 Conclusion
It is kindly as RAN2 to discuss and agree on the following proposals regarding the improvements of UE measurement capability for 4C-HSDPA.
Proposal 1: Increase the measurement capability of 4C-HSDPA UE to up to 3 additional FDD carriers.

Proposal 2: 4C-HSDPA UE shall be mandatory required to measure at least one additional carrier without compressed mode.

Proposal 3: 4C-HSDPA UE shall signals to the network the number of remaining carriers (in addition to the primary carrier and the secondary carrier that UE is mandatory required to search without compressed mode) on which it can measure without compressed mode.
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