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1 Introduction
At the RAN WG1 #59bis meeting in Valencia, the following agreements were made with respect to CPC operation with 4-carrier HSDPA:

· HS-SCCH-less operation is restricted to the anchor carrier.

· The two uplink carriers have independent state machines for UE DTX  

At the RAN WG1 #60 meeting in San Francisco, a number of documents ([2]

 REF _Ref258221679 \n \h 
[3]

 REF _Ref258221681 \n \h 
[4]

 REF _Ref258221682 \n \h 
[5])discussing possible further optimizations related to UE DRX with  4-carrier HSDPA were presented, yet no conclusion was reached.  To address this open issue, this contribution discusses various considerations for UE DRX design for MC-HSDPA. 
2 Discussion
In Rel-8/9 DC-HSDPA operation, UE DRX is performed jointly over both carriers, which means that the UE receives either both or none of the downlink carriers (i.e. never only one of them). In the case of 4-carrier operation, UE power consumption becomes a more critical issue to be considered.  Assuming that the UE may require multiple power-consuming receiver RF chains in order to receive 4 carriers in up to two bands, the UE may be able to save battery by switching off one of its RF receivers at times of low data activity. 
We see two different aspects of DRX where band or carrier specific optimizations could be considered: 
· Band/carrier specific DRX configuration and monitoring, discussed in Section 2.1 
· DRX activation/deactivation, discussed in Section 2.2. 
2.1 Band/Carrier Specific DRX Configuration and Monitoring
When UE DRX is activated, the UE must monitor the HS-SCCH at specific times, depending on the DRX cycle length and downlink activity. In R8/9, a single set of DRX parameters is configured across all carriers due to the common DRX state machine. For 4-carrier HSDPA in R10, we may consider the band/carrier specific DRX parameter configuration for various application needs carried on different carriers. For example, two different applications may be scheduled on different carriers: One carrier could be configured for the transmission of voice, with HS-SCCH-less operation configured, along with shorter DRX cycle and Inactivity_Threshold_for_UE_DRX_cycle parameters.   The other carriers could be configured for transmission of data, where larger values could be configured for the DRX cycle and Inactivity_Threshold_for_UE_DRX_cycle parameters.   
In addition to parameter configuration, HS-SCCH monitoring rules could be optimized on a per-band or per-carrier basis.  In R8/9, when DRX is enabled, the UE must receive DL physical channels on all DL carriers if the UE has received an HS-SCCH or an HS-PDSCH subframe on any DL carrier during the last Inactivity_Threshold_for_UE_DRX_cycle subframes, as illustrated in Figure 1. 
In the case of dual band operation, band-specific monitoring may be considered, for example:  reception of HS-SCCH or HS-PDSCH may only require the monitoring of DL channels for the carriers within the same band. Figure 2 shows such an example of band-specific DRX monitoring for a DL configuration having 2 bands of carriers. Comparing band specific DRX monitoring in Figure 2 to the common DRX monitoring across all carriers in Figure 1, the band specific DRX monitoring provides additional power saving opportunity for UE.  If there is a large burst of data to be transmitted on one carrier only, then the UE only need to continue monitoring the carriers within the same band instead of monitoring both bands (all carriers). 
Finally, an alternate approach could be to define carrier specific DRX monitoring, potentially providing the most power saving opportunity for the UE, as illustrated in Figure 3.  In this example, it can be seen that reception of HS-SCCH or HS-PDSCH in any given carrier will not cause another carrier to continue reception of its DL channels.  If there is a burst of data that is transmitted on one carrier only, then the UE only need to continue monitoring the carrier on which data is received instead of monitoring all carriers.
Proposal 1: Discuss the need for DRX monitoring and parameter configuration on per-band or per-carrier basis. 
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Figure 1 - Common DRX monitoring across all carriers
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Figure 2 Per-Band DRX Monitoring
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Figure 3 Per-carrier DRX monitoring
2.2 DRX Activation/Deactivation

In R8/9, HS-SCCH orders have been used for DRX activation and deactivation, so HS-SCCH orders should continue to be used for the purpose of DRX activation/deactivation for 4-carrier HSDPA. 
In R8/9, one single HS-SCCH order is used to activate or deactivate DRX for all carriers. When considering DRX activation/deactivation design for 4-carrier HSDPA in R10, we see three options that may be considered: 
1. Joint DRX activation/deactivation for all carriers 
2. DRX activation/activation per-band 
3. DRX activation/activation per-carrier 
Comparing these three options, the Joint DRX activation/deactivation for all carriers is the simplest from standardization and implementation complexity standpoints, but potentially sacrifices some power saving gains.  The DRX activation/deactivation per-band or per-carrier require additional specification effort and potential complexity, but may provide additional opportunity for UE power optimization and UE battery life extension. 
Proposal 2: Discuss the need for activation/deactivation of DRX on a per-band or a per-carrier basis using HS-SCCH orders.
3 Conclusion

This paper discusses various considerations on the DRX design for MC-HSDPA and proposes the following:
Proposal 1: Discuss the need for DRX monitoring and parameter configuration on per-band or per-carrier basis. 

Proposal 2: Discuss the need for activation/deactivation of DRX on a per-band or a per-carrier basis using HS-SCCH orders.
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