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1 Introduction
At the last RAN1 meeting in Beijing, a number of proposals were made on DRX for MC-HSDPA.  In particular it was proposed to improve UE battery savings by permitting UEs to automatically deactivate all secondary serving HS-DSCH cells belonging to the secondary band (see [1]-[3]), the idea being that significant battery savings can be obtained by shutting off an entire receiver chain. 
This contribution discusses timer-based secondary serving HS-DSCH cell deactivation and reactivation mechanisms.
2 Discussion
In the current CPC procedures, the UE enters DRX state if it has not received an HS-SCCH (which is not an order) or an HS-PDSCH for Inactivity_Threshold_for_UE_DRX_cycle subframes.  For DC-HSDPA and DB DC-HSDPA operation the two frequencies share the same DRX state machine, the same HS-SCCH monitoring pattern and the same DRX parameters.  
To improve the battery savings in 4C-HSDPA, it is desirable to deactivate some of the carriers during periods of inactivity and potentially 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 4C-HSDPA context where more than one frequency may be configured on the secondary band.  
Proposal 1: Agree on timer based autonomous carrier deactivation.

2.1 Timer based deactivation of secondary carrier overview
In [1] it is proposed to de-activate all secondary carriers on the secondary band (the band not containing the primary carrier) as the UE enters DRX, a concept illustrated in Figure 1.
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Figure 1
In this approach upon expiry of Inactivity_Threshold_for_UE_DRX_cycle, the secondary carriers in the secondary band are autonomously deactivated (i.e. group or band-wise deactivation) and the carriers in the primary band enter DRX mode.  
In [2] it is further proposed to allow the network to turn on and off this particular feature at the RRC level. 
Finally in [3], it was proposed to deactivate the carriers on the secondary band after a period of time following UE entering DRX.  This concept is illustrated in Figure 2 below.
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Figure 2
In this approach, upon expiry of Inactivity_Threshold_for_UE_DRX_cycle, all carriers enter DRX mode simultaneous and the secondary carriers in the secondary band are deactivated upon the expiry of a “deactivation inactivity threshold” timer. 
The last approach provides the network with additional flexibility in configuring the deactivation timer according to the scheduling needs.  Furthermore, it can be noted that the network can configure the deactivation timer the following ways:

· Deactivation timer set to “0” – UE will deactivate the secondary carrier after Inactivity_Threshold_for_UE_DRX_cycle as proposed in [1]
· Deactivation timer set to “infinity” – the autonomous deactivation is disabled in the UE, as proposed in [2]
· Deactivation timer set to other values – the UE will deactivate the carrier after an inactivity of “deactivation_inactivity_threshold” subframes, as proposed in [3].
Proposal 2: The UE deactivates the secondary carriers upon the expiry of an inactivity period after the UE has entered DRX mode.
The deactivation of the secondary carriers may be performed on a per group (e.g. band) basis or on a per carrier basis.   While deactivating on a per band basis has the clear advantage of allowing the UE to turn off the full RX chain, we also believe that the UE can benefit from further battery savings if it is allowed to disable secondary frequencies on the primary band (e.g. the band where there serving HS-DSCH is configured).  

Additionally, allowing a per carrier deactivation mechanism would simplify specifications and the need to link the carriers within a band.  
Proposal 3: The deactivation timer is configured on a per carrier basis.
The reactivation of the carriers on the secondary band may be carried out using HS-SCCH order or autonomously upon reception of data on any active carrier.  As noted in [3], the disadvantage of doing autonomous reactivation is that any small amount of data transmitted by the network (e.g.: VoIP traffic) would unnecessarily force the reactivation of the secondary carriers.  The network will be aware of the traffic load for the UE and may therefore explicitly reactivate the secondary carrier only when required.
Proposal 4: Carrier reactivation should be based on HS-SCCH orders.
2.2 Impacts on DC-HUSPA operation 
If autonomous timer based deactivation of the secondary carriers is allowed, there is a potential impact to the secondary uplink carrier if its associated secondary carrier is allowed to be autonomously deactivated.  If the associated secondary downlink carrier is autonomously deactivated after an inactivity period, the secondary uplink operation will be disrupted, as the correct operation of the secondary uplink is directly dependent on the activation status of the secondary downlink carrier.  A potential solution is to allow the UE to also deactivate the secondary uplink carrier when the secondary downlink carrier is deactivated.  However, this may not be beneficial as the UE may have uplink data available for transmission which will benefit from the secondary channel.
A simpler solution is to disallow the timer-based deactivation of the secondary carrier that is associated with the activated secondary uplink carrier.  
Proposal 5: Secondary DL carriers associated with an activated secondary uplink carrier may not be deactivated by autonomous timer based deactivation. 
3 Conclusion
We have discussed timer-based carrier deactivation and its potential impacts on DC-HSUPA operation.  We propose the following:
Proposal 1: Agree on timer based autonomous carrier deactivation.

Proposal 2: The UE deactivates the secondary carriers upon the expiry of an inactivity period after the UE has entered DRX mode.
Proposal 3: The deactivation timer is configured on a per carrier basis.

Proposal 4: Carrier reactivation should be based on HS-SCCH orders.

Proposal 5: Secondary DL carriers associated with an activated secondary uplink carrier may not be deactivated by autonomous timer based deactivation. 
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