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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  

A number of documents were presented in the last few RAN1 meetings discussing possible further optimizations related to UE DRX with  4-carrier HSDPA and potential timer-based deactivation of the secondary carriers for further UE power saving (see [2]-[8]), yet no conclusion was reached.  

This contribution discusses various considerations for UE DRX design for MC-HSDPA under the assumption that no timer-based carrier deactivation is being performed.  A companion document discussing timer-based carried deactivation can be found in [11].
Please note that this document is an updated version of [10].

2 Discussion
In Rel-8/9 DC-HSDPA and DB-DC-HSDPA operations, 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).  Further, the DRX parameters are the same for both carriers.
In the case of 4-carrier operation, the UE power consumption becomes even more critical than the Rel-8/9 2-carrier cases.  Of particular interest, the UE may require multiple power-consuming receiver RF chains in order to receive 4 carriers in two bands.   To provide additional battery saving opportunities, it may be desirable for a UE to turn off some 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
2.1.1 DRX and carrier monitoring

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, a concept illustrated in Figure 1 REF _Ref257918406 \h 
 \* MERGEFORMAT .  
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Figure 1 - Common DRX monitoring across all carriers

To further improve the battery savings in 4C-HSDPA, it is desirable to deactivate some of the carriers during periods of inactivity and turn off the RF chain of the secondary band (the band which does not contain the serving HS-DSCH cell).  While this approach has not been adopted during the DB DC-HSDPA WI in R9, it is very relevant in the MC-HSDPA context where more than one frequency may be configured on the secondary band.  
The concept of per-band monitoring is illustrated in Figure 2  REF _Ref258226957 \h 
 \* MERGEFORMAT  for a DL configuration having 2 bands with 2 carriers in each band.  Comparing band specific DRX monitoring in  REF _Ref258226957 \h 
 \* MERGEFORMAT  to the common DRX monitoring across all carriers in REF _Ref257918406 \h 
 \* MERGEFORMAT , the band specific DRX monitoring provides additional power saving opportunity for UE as it becomes possible for the UE to turn off an entire receiver chain when it is not being used.
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Figure 2 Per-Band DRX Monitoring

The other possibility is to have per-carrier monitoring, a concept illustrated in Figure 3.
 \* MERGEFORMAT 

 REF _Ref257919269 \h 
 \* MERGEFORMAT  REF _Ref257919269 \h 
 \* MERGEFORMAT  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.  This approach this has the potential to provide the most power saving opportunity for the UE.
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Figure 3 Per-carrier DRX monitoring

From a battery saving perspective, it appears that the per-carrier approach would provide the largest opportunities in the case of single-band operations.  However in the case of dual-band operations, it may be desirable to use per-band DRX monitoring such that the UE has opportunities to save significant amount of power by turning off one of its receiver chain, while also providing the scheduler opportunities for make the most use of the bandwidth.
Proposal 1: HS-SCCH monitoring is performed per-band. 
2.1.2 DRX parameter configuration

In R8/9, when UE DRX is activated, the UE must monitor the HS-SCCH at specific times, depending on the DRX cycle length and downlink activity.  Two main parameters drive battery savings with DRX: the cycle length (UE_DRX_cycle) and the inactivity threshold (Inactivity_Threshold_for_UE_DRX_cycle).
For 4-carrier HSDPA in R10, we may consider the band/carrier specific DRX parameter configuration to optimize the battery saving for example when different applications are carried on different carriers.  For example, one carrier could be configured for the transmission of voice or SRBs for which shorter DRX cycle and Inactivity_Threshold_for_UE_DRX_cycle parameters may be desired.   The other carriers could be configured for transmission of bursty data, where larger values could be configured for the DRX cycle and Inactivity_Threshold_for_UE_DRX_cycle parameters.   While in theory such an example may lead to potential battery savings, it remains unclear if it can be implemented effectively.

We note however, that a per-carrier DRX parameter configuration may be used to simplify the specifications: as the concept of frequency band is absent from RAN1/RAN2 specifications, per-carrier specific parameter configuration may be used as a means to avoid introducing the concept of frequency band in the specifications.  One example where this can be used is to implement autonomous carrier deactivation via DRX parameter configuration for example by configuring the UE_DRX_cycle to an “infinite” value for all carriers in a specific band.
Thus unless the purpose of carrier-specific parameter configuration is to simplify the specifications in some way or another, it is unclear that per-carrier parameter configuration may provide any substantial gain and thus we propose: 

Proposal 2: DRX parameters are common to all carriers. 
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/deactivation per-band 
3. DRX activation/deactivation per-carrier 
It is unclear at this point that the potential battery gains obtained from per-band or per-carrier DRX activation/deactivation status can be effectively exploited in a practical system.  Thus unless a per-carrier configuration could ease in some way the specifications effort, we propose the following:
Proposal 3: 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: HS-SCCH monitoring is performed per-band. 
Proposal 2: DRX parameters are common to all carriers. 

Proposal 3: DRX activation status is common to all carriers and is controlled via HS-SCCH orders.
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