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1
Introduction

It was decided in RAN1 to have the same DRX mode for both carriers for DC-HSDPA in Rel.8. The decision was carried forward for the case of Dual-Band DC-HSDPA as well. In this document, we motivate UE based de-activatation of the secondary carrier in Dual-Band HSDPA. The procedure relies on how DRX is triggered in a UE in Rel-7 CPC. A way forward is also suggested so as to specify DRX operation for Dual Band HSDPA.

2
DRX Operation for DB-HSDPA

In RAN WG1 #54, it was decided that the DRX mode would be common for both carriers in DC-HSDPA operation. There did not appear to be tangible benefits for entertaining different DRX states for DC-HSDPA operation. Since the UE has a single receive chain (see [1]), specifying different DRX cycles for the two carriers would not have resulted in any additional battery savings. This is especially true when joint scheduling and joint queuing is employed.

However, the UE has two receive chains in the case of Dual-Band HSDPA (see [2]). In this case, shutting down the second receive chain would yield appreciable battery savings when data is not being received. Since RAN WG1 was not tasked with the specification of Dual-Band HSDPA, this issue was not addressed at the time.

2.1
DRX Operation for DB-HSDPA

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 cycle. For Dual-Band HSDPA, we propose that the secondary carrier and by extension the second receive chain be de-activated as soon as the UE enters DRX state. Therefore, the UE would follow the DRX cycle on only the primary carrier whilst the secondary carrier is turned off. Figure 1 illustrates this operation.
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Figure 1: Block diagram depicting the DRX based deactivation of the secondary carrier.

Upon reception of data on the primary carrier, the UE would then exit DRX mode and re-start the Inactivity_Threshold_for_UE_DRX_cycle timer. The secondary carrier would also be activated upon data reception. The activation time for the secondary carrier upon reception of an HS-SCCH order is specified to be 12 slots. We consider that a similar amount of time could be allocated to the re-activation of the secondary carrier when the UE exits DRX state, i.e., the NodeB could begin scheduling data on the secondary carrier 12 slots after the UE received data on the primary carrier or 4.5 slots after the reception of ACK/NACK. Alternatively, the NodeB could wait for the CQI reports on the secondary carrier to schedule transmissions on that carrier.

2.2
CQI reports

When the UE enters DRX mode and de-activates the secondary carrier, it will not be able to make measurements on the secondary carrier for the CQI reporting purposes. Therefore, we propose that a NULL CQI value is reported for the secondary carrier as long as the UE is in DRX mode. Reporting a NULL CQI as opposed to switching CQI reporting format to that of single carrier operation would help reduce complexity at the NodeB since the NodeB would not have to keep track of the changing CQI reporting formats. 

When the UE exits DRX mode, the CQI reporting reverts back to normal dual carrier operation. 

2.3 
Interaction with HS-SCCH order

HS-SCCH order based activation/de-activation of the secondary carrier is allowed under the current specifications. For example, the network may choose to de-activate the secondary carrier when the UE is at cell-edge and is headroom limited on the uplink to preserve link budget. This operation will not be affected by the UE being in DRX mode. 

If the UE has already de-activated the secondary carrier in DRX mode, it can also receive an HS-SCCH order on the primary carrier to de-activate the secondary carrier. The effect of this order is to switch the CQI reporting to single carrier operation. The secondary carrier would remain de-activated and would not then be re-activated upon data reception. The HS-SCCH order would take precedence over DRX based activation/de-activation of the secondary carrier. The motivation for DRX based de-activation of the secondary carrier is purely for batter savings and does not impact link budget. However, the motivation for the HS-SCCH based de-activation of the secondary carrier is to manage link budget and is less concerned with battery savings.
Note that DRX based activation/de-activation of the secondary carrier would also preserve the HS-SCCH resources as the NodeB would not have to send activation/de-activation orders as frequently. 

2.4
Error Events

Error events occur when the NodeB and the UE are out of sync regarding the state of activation of the secondary carrier.

· NodeB is unaware of the UE’s deactivation of the secondary carrier.

This event occurs when the UE misses HS-SCCH transmissions on the downlink and the NodeB has a false alarm on the uplink. This event is equivalent to the error event case when HS-SCCH order for de-activation is transmitted. The probability of this event is low since both the UE and NodeB have to commit errors. Furthermore, this event is detectable at the NodeB since the CQI reports would convey a NULL CQI corresponding to the secondary carrier. 

· NodeB considers that the secondary carrier is de-activated while the UE does not

This event occurs when the UE mistakenly detects an HS-SCCH transmission on the downlink. This event is extremely rare due to the CRC on the HS-SCCH. There is also no impact to the system operation as a whole since the UE would eventually de-activate the carrier if not further data is received.

It is considered that the error events that may occur due to DRX-based activation/de-activation are low probability events and do not pose a significant risk to system operation.

2.5
Impact to specifications

· RAN1:

· DRX based deactivation of the secondary carrier would need to be specified when the UE is configured with Dual-Band HSDPA.

· CQI reporting procedures would need to be modified to account for the DRX based deactivation of the secondary carrier.

· RAN2:

· No impact to specifications is envisaged.

· Since there is no additional signaling required, it is expected that there be no impact to ASN.1

· RAN3, RAN4: No impact.

3
Conclusions

In this document, a proposal for DRX based de-activation of the secondary carrier in Dual-Band HSDPA operation is presented. The primary motivation for the proposal is the significant battery savings that can be obtained by turning off the secondary receive chain during lulls in data transmissions. It is proposed that RAN WG1 discuss the merits of this proposal and agree on a way forward.

4
References 

[1]
R1-081891, “UE Implementation Impact due to DC-HSDPA”, Qualcomm Europe.

[2] R1-090036, “UE Implementation Impact due to Inter-Band Multi-Carrier HSDPA Operation”, Qualcomm Europe

