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1
Background
It was decided in RAN1 to have the common DRX state machine and parameter for both carriers for DC-HSDPA in Rel-8. The decision was carried forward for the case of Rel-9 DB-DC-HSDPA. In dual band operation including DB-DC-HSDPA and dual band 4C-HSDPA, the UE has two receive chains , therefore shutting down the second receive chain yields significant battery savings when data is not being received [1]. In order to achieve the UE battery savings, the UE DRX-based deactivation of the carrier(s) in the secondary band was recently proposed in RAN WG1 [1].

In [1], the recommended procedure was outlined and is based on the triggering of DRX in a UE and is in accordance with Rel.7 CPC procedures. The impact on UE battery life was also presented along with an analysis of the impact of the delay encountered when the secondary carrier is re-activated.
The main argument against the proposal was that the existing HS-SCCH orders can activate/deactivate the carriers so that the UE does not waste the battery. However, if this is not guaranteed by the specification, in the worst case the secondary band could be left on all the time, resulting in excessive battery use in the UE. In this contribution, the potential NodeB requirement to ensure the generation of an HS-SCCH order will be discussed for the case where there is no activity in the downlink for a certain period of time.
2
Summary of UE autonomous carrier deactivation algorithm 
In this section, we repeat the UE autonomous carrier deactivation scheme in [1] for information.
In the current CPC procedures, the UE enters DRX state upon expiry of the Inactivity_Threshold_for_UE_DRX_cycle timer and no data has been received during that time. In DC-HSDPA operation, both carriers would enter DRX state and employ identical DRX cycles. 

The proposed scheme in [1] is outlined in the following

· All the carrier(s) in the secondary band are de-activated as soon as the UE enters DRX state. Therefore, the UE would follow the DRX cycle only on the primary carrier, whilst the carrier(s) in the secondary band are turned off. Figure 1 illustrates this operation assuming one carrier in each band.

· Upon reception of data on the primary carrier (or on any of the carriers in the same band), the UE exits DRX mode and re-starts the Inactivity_Threshold_for_UE_DRX_cycle timer.
· All the carrier(s) in the secondary band would also be activated upon data reception unless they have been explicitly de-activated by an HS-SCCH order.
· The activation time for the carrier(s) in the secondary band is considered to be similar to the activation time experienced by the UE upon reception of an HS-SCCH order. 

· The NodeB could begin scheduling data on the carrier(s) in the secondary band after a pre-specified activation time. Alternatively, the NodeB could wait for the reception of CQI reports on the carrier(s) in the secondary band to schedule transmissions on that carrier.

[image: image1.emf]Carrier 1

0 1 2 3 4 0 1 2 3 4 0 0 1 2 3 4

UE enters 

DRX

Carrier 2

0 1 2 3 4 0 1 2 3 4 0 0 1 2 3 4

Second receive chain 

turned off

Inactivity_Threshold_for_UE_DRX_cycle

expires

DRX Cycle

CQI reporting format does not change

NULL CQI value reported for secondary carrier


Figure 1: Block diagram depicting the DRX based deactivation of a secondary carrier. It is assumed that the secondary carrier is situated on a different band.
3
Alternative NodeB requirement
DRX based activation/deactivation of the carrier(s) in the secondary band [1] would efficiently use system resources on the downlink, while providing battery and thermal dissipation savings to the UE, as the NodeB would not have to frequently transmit HS-SCCH orders for activation/deactivation. On the other hand, the HS-SCCH order can perform the same function as the proposed scheme in [1], even if it needs to use the downlink system resources. In this case, it is worth having a requirement to ensure the generation of an HS-SCCH order when there is no activity in the downlink for a certain period of time. The length of inactivity period and the traffic metric could be further discussed in RAN4. The requirements can be specified such as:
If a minimum traffic volume is not maintained during [TBD], the NodeB shall send an HS-SCCH order within [TBD] to deactivate all the active carriers in the secondary band for a dual band HSDPA UE.
4
Conclusion

As an alternative of UE autonomous carrier deactivation algorithm, the potential NodeB requirement to ensure the generation of an HS-SCCH order has been presented to prevent unnecessary UE battery life impact. The proposed requirement is:

If a minimum traffic volume is not maintained during [TBD], the NodeB shall send an HS-SCCH order within [TBD] to deactivate all the active carriers in the secondary band for a dual band HSDPA UE.
5
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