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1 Introduction
For Rel-10, the following agreements have been made in RAN1 regarding the MC-HSDPA work item:

· The 3-4 carrier transmission only applies to HSDPA physical channels.

· The carriers belong to the same Node-B.

· The carriers are configured to be spread across 1 or 2 bands.

· The carriers within one band are configured to be adjacent and the UE shall be capable of receiving up to 4 adjacent carriers in one band.

· After deactivation of a frequency within a band, carriers may not be adjacent anymore.
In the last meeting a number of proposals related to UE measurement capabilities were presented in [2] and in [3], however no decision was taken.  This contribution discusses the need of compressed mode for measuring the secondary frequencies and presents some possible optimizations regarding the compressed mode configuration for MC-HSDPA. 
2 Discussion
2.1 Need of compressed mode for measuring the secondary frequencies
In [2] it was proposed that if the UE has the capability of supporting 4C-HSDPA then it shall be capable of measuring the secondary carriers without compressed mode. This would avoid having the UE using longer gaps to perform inter-frequency measurements due to the increased number of secondary carriers that the UE needs to measure.
However while the UE is capable of simultaneously receiving on the secondary carriers, the capability to measure on these frequencies will still be dependent on the hardware design. These requirements will mandate that certain UE implementations undergo some hardware changes, which may not be the preference of all UE vendors.
Therefore, we propose that the ability to measure on the secondary frequencies without compressed mode gaps is not mandatory.
Proposal 1: It should not be made mandatory for the UE to perform measurements on all secondary frequencies without compressed mode gaps.

However, since measuring other frequencies without compressed mode gaps may be beneficial for certain UEs, we propose to allow such UEs to report this capability to the network. This capability would be in line with Rel-8 for DC-HSDPA and in Rel-9 for DB-HSDPA operation, where a new capability bit was added to indicate the ability to measure on adjacent frequencies or on other supported bands respectively.  
Proposal 2: The number of frequencies the UE can measure without compressed mode gaps depends on UE capability. 
Since a multi-carrier UE is mandated to be able to receive on up to two bands and up to four adjacent frequencies on each band, then just indicating the number of additional carriers, e.g. 1, 2, or 3 it can measure without compressed mode gaps is sufficient.

The UE capability will indicate the maximum number of frequencies the UE can measure without compressed mode gaps.  If the UE is configured with secondary frequencies, this capability will indicate how many secondary frequencies the UE can measure without compressed mode gaps.  

However, the actual number of other frequencies the UE can measure will be dependent on the number of configured frequencies and the bands over which these frequencies are configured. 
For example if we assume that the UE can measure up to three additional frequencies, the corresponding capabilities will depend on the different scenarios where one or more secondary carriers are disabled (i.e. not configured):
1. If the UE is configured to receive on one band only over  0, 1, or 2 secondary adjacent frequencies  then the UE can measure:

· 1, 2 or 3 adjacent frequencies respectively on any other supported band; and
· 1, 2 or 3 adjacent frequencies respectively on the same operating band 
2. When the UE is configured to receive on both bands then:
· If the UE is configured with one carrier on each band, the UE can measure up to two adjacent frequencies on any of the configured bands.

· If the UE receives one carrier on one band and two carriers on the other band, the UE can measure one additional adjacent frequency on any of the two bands.
Proposal2a: Agree to add a UE capability that indicates the maximum number of frequencies the UE can measure without compressed mode gaps.  
Proposal2b: The actual number of frequencies it can measure and over which band will be dependent on configuration as described above.   
In some situations the UE will be configured with all secondary frequencies, which implies that according to the rules above the UE cannot measure on other frequencies without compressed mode gaps.  However, the state of one or more of the configured secondary frequencies may be deactivated via HS-SCCH order.  In these scenarios the UE is physically capable of measuring without using compressed mode gaps according to the capability and configuration.  However, the activation/deactivation is a Node B specific state, and therefore the compressed mode gaps may still be configured in the UE.  

In order to take advantage of UE’s measurement capabilities, it is proposed that in addition to the configuration, the UE determines whether it needs to use the compressed mode gaps according to the activation status of the secondary carriers.  The measurement capability will be in line with the configuration scenarios described above.  

Proposal 3: Discuss the possibility of extending the use of measurement capabilities to be dependent on the activation status of the secondary carrier. 

2.2 Compressed mode configuration in multi-carrier HSDPA
In the cases where the UE needs compressed mode gaps to measure on other frequencies, then the compressed mode gaps may be configured by the network.  Similar to Rel-8 and Rel-9 the compressed mode gaps may apply to all configured carriers.    

However for multi-carrier operation, given that the UE is capable of receiving over two bands and over many carriers, then a compressed mode configuration per band or per frequency may be beneficial.  This will allow the UE to perform continuous reception on one carrier or band (e.g. on the primary carrier) and perform compressed mode measurements using the other receiver chain.  This will minimize service interruption of the primary frequency and if applicable of the secondary UL and DL frequency.  

Proposal 4: Allow compressed mode configuration to be band specific or carrier specific
A multi-cell UE receiving only DL channels in some of the frequencies may not need compressed mode configuration to take measurement.  DRX periods may allow the UE with sufficient time to tune out and take measurements on other frequencies.  Therefore, the UE may be configured with DRX periods over one band or carriers, which it can use for taking measurements on other frequencies.  

We propose to discuss the possibility of allowing such measurements using DRX periods.  
3 Conclusion

In this contribution, the UE capability of measuring multiple frequencies without compressed mode was discussed. As a result, we would like the group to discuss and agree with the following proposals:

Proposal 1: It should not be made mandatory for the UE to perform measurements on all secondary frequencies without compressed mode gaps.
Proposal 2: The number of frequencies the UE can measure without compressed mode gaps depends on UE capability. 

Proposal2a: Agree to add a UE capability that indicates the maximum number of frequencies the UE can measure without compressed mode gaps.  

Proposal2b: The actual number of frequencies it can measure and over which band will be dependent on configuration as described above.   
Proposal 3: Discuss the possibility of extending the use of measurement capabilities to be dependent on the activation status of the secondary carrier. 
Proposal 4: Allow compressed mode configuration to be band specific or carrier specific
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