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1 Introduction
During the last RAN1 meetings there have been discussions on possible UE DRX optimizations for dual band scenarios of 4C-HSDPA. During these discussions three alternatives have emerged:
· Introduce separate UE DRX state machines for the different bands/carriers
· Introduce support for autonomous deactivation of secondary HS-DSCH cells.
· Rely on the already existing HS-SCCH orders. 

2 Discussion
In Rel-8/9 operation UE DTX is performed per carrier while UE DRX is performed jointly over both carriers. This means that the UE transmit on 0, 1, or 2 uplink carriers at any given time, but it receives either on all or none of the activated downlink carriers – never only on one of them. However, for Rel-10 4C-HSDPA where the downlink carriers are spread over two bands there may be reasons to consider further optimizations.
2.1 HS-SCCH ordered deactivation of secondary HS-DSCH carriers

Already in Rel-8, HS-SCCH orders were introduced as a means to allow for dynamic (de)activation of the secondary downlink and uplink carriers. The two main reasons for introducing orders were the ability to revert to single carrier operation (with respect to HS-DPCCH format) when the UE became power limited and the power savings enabled at the UE [5]. In our view it is hence well-established that one of the purposes of HS-SCCH orders is to enable UE battery savings. Considering that this is a Rel-8 functionality, which already may have been implemented, new similar functionality should only be introduced if it can offer significant performance gains as compared to what can be achieved with the solution offered by the current standard.

In the case of dual band operation the UE will need 2 RF chains. During low data activity this would allow the UE to switch one of the receiver chains off and thereby save UE battery. Within the current specifications this can be achieved by the Node-B if it transmits an HS-SCCH order. In general deactivating secondary carriers by means of HS-SCCH orders comes at some performance cost. However, for the case where only carriers in the secondary band (i.e., the band where the primary carrier is not located) is deactivated, this cost should be marginal. The LS response from RAN4 [6] clarified that the interrupt on the carriers in the primary band will be less than 200 s (i.e. less than 1/3 slot) when a carrier in the secondary band is deactivated, which seems acceptable.

2.2 Carrier/Band specific UE DRX state machine

A possible complement to HS-SCCH ordered deactivation would be to introduce band (carrier) specific UE DRX state machines. The main reason for this would be to allow the UE to shut off one of its receiver chain during periods of low data activity (without receiving an HS-SCCH order). The size of battery savings will depend on both the length of the DRX cycle and the Node-B scheduler. Moreover, separate UE DRX cycles will require additional complexity at the UE (since additional state machine(s) are needed). It is also noteworthy that the gains achieved from having independent state machines always will be smaller than the gains that could be harnessed with state of the art usage of the HS-SCCH orders. The main difference between introducing independent UE DRX state machines and relying solely on HS-SCCH orders is that HS-SCCH ordered (de)activation will be associated with an interrupt caused to the other carriers. As mentioned above however RAN4 has recently clarified that the maximum interrupt caused on the carriers in the primary band from (de)activation of carriers in the secondary band is fairly small. Thus, the additional advantage of using independent UE DRX state machines instead of HS-SCCH orders seems modest. 
2.3 Autonomous deactivation of secondary HS-DSCH carriers 

During the work item there have also been proposals on autonomous UE deactivation of the secondary HS-DSCH carriers (present in the secondary band) [2][4][3][8]. The main argument behind these proposals is improved battery usage and common for all proposals is that the UE deactivates the secondary carriers in the secondary band if there has not been any data scheduled (on any downlink carrier) for a predefined time duration. Even though this time period is coupled together with the “Inactivity_Threshold_for_UE_DRX_cycle” in both [2] and [3] there does not – as we mentioned at RAN1#61 – in our view exist any technical reason for coupling the timer for autonomous deactivation together with the DRX timer. For example, one might want to set the deactivation timer to a smaller value than the UE DRX timer. In [8], which was submitted to RAN1#61, it was also mentioned that the (re)activation of secondary carriers could be performed either by means of HS-SCCH orders or implicitly by interpreting data transmission on any downlink carrier located in the primary band as an order for activating the downlink carriers in the secondary band. 
Already during the previous meetings we have given our view on the need for autonomous deactivation of secondary HS-DSCH carriers [7]. Basically we judge that HS-SCCH orders are an efficient tool for enabling UE battery saving and since none of the analyses have shown that autonomous deactivation can achieve any additional battery savings we do not see any reasons for including it in the standard. Some additional reasons for our position are:

· In networks that have implemented HS-SCCH orders it is reasonable to expect that the logic which decides whether a carrier is activated or deactivated is based on the buffer status information in the Node-B. For downlink transmissions the Node-B will have a better view than the UE regarding this information.

· HS-SCCH orders would anyway be needed for Rel-9 UEs and/or in Rel-9 networks. Thus, the benefit of autonomous carrier deactivation would be limited. Also the implementation used in the Rel-9 Node-Bs could easily be reused in a Rel-10 network. 

· Even for a Rel-10 UE, HS-SCCH orders would anyway be needed; both for deactivating carriers in the primary band (which will be needed to obtain single carrier performance for HS-DPCCH) and to (re)activate carriers. 

· Technical reasons for supporting autonomous UE deactivation are lacking. In [8] it is claimed that the main benefit of autonomous deactivation (as opposed to HS-SCCH orders) is to avoid excessive usage of HS-SCCH orders. However, no analysis supporting this statement is provided. Further, the Rel-10 HS-SCCH orders support transitions between any two (permitted) states with a single HS-SCCH order (and hence the number of HS-SCCH orders that would be needed is similar to a Rel-8/9 UE). Also the portion of HS-SCCH transmissions that is used for transmitting HS-SCCH orders will in our view only constitute a minor part.
Although we do not support the introduction of autonomous UE deactivation we believe that if RAN1 were to agree to support autonomous deactivation of secondary carriers such a solution should comply with following characteristics: 

· The HS-DPCCH format should be identical for both HS-SCCH ordered and autonomous deactivation.

· Activation of deactivated secondary carriers should only be possible by means of HS-SCCH orders.

· It should be possible for a network to configure UE to not use autonomous deactivation (for some carriers).
· The timer used for autonomously deactivation secondary carriers is not coupled to the UE DRX timer.

The rationale behind these characteristics is that autonomous deactivation at the end of the day is a redundant functionality to HS-SCCH ordered (de)activation. Hence, its introduction should not result in any additional complexity for networks where HS-SCCH orders already have been implemented as a means to save UE battery.

3 Conclusions
In this contribution we have presented our view on UE DRX state machine design for 4C-HSDPA. We see no particular need to introduce autonomous carrier deactivation for Rel-10 UEs. 
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