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1 Introduction
RAN#46 initiated a work item on 4-carrier HSDPA operation [1]. This contribution discusses UE DRX for 4C-HSDPA and as we have highlighted in our previous contributions it may be reasonable to consider possible optimization for the dual band case in Rel-10 if this can lead to additional UE battery savings.
2 Discussion
2.1 UE DRX state machine

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. 

In the case of dual band operation the UE will need two power consuming receiver RF chains in order to receive in two bands. In the case of low data activity UE battery could be saved if one of the receiver chains were switched off. This could be achieved either by transmitting an HS-SCCH order or by allowing the UE DRX functionality to be band (carrier) specific.

Deactivating the secondary carriers by means of HS-SCCH orders will come at some performance cost since there is a time-period of 12 slots of “transient” UE behaviour related to the HS-SCCH order. During this time period the network may not be able to schedule data to or transmission from the particular UE. For scenarios where the downlink carriers are spread over multiple bands it is still under RAN4 discussion whether (de)activation associated with a carrier in one frequency should be allowed to impact the reception and transmission performance of the carriers in the other band. RAN1 has sent an LS [6] to RAN4 during RAN1#60 and we are expecting a response to this LS during RAN1#61.
Just as HS-SCCH orders, carrier/band specific UE DRX state machines may enable UE battery savings since it would facilitate that the UE shuts off one of its receiver chain during part of the time. The size of the battery saving will depend on the length DRX cycle. Some analysis on this matter was presented in [7]. There it was suggested that the additional gains that could be achieved by deactivating the secondary carrier (as compared to only relying on DRX) was 5-10% if a DRX cycle of 40ms were used. With a common DRX state machine there is a risk the UE is unable to shut off any of the two receiver chains. Although there always will be additional gains from deactivating carriers one noticeable difference is that HS-SCCH orders are associated with an interrupt – possibly on all carriers. With carrier specific DRX state machines UEs capable of shutting off the secondary receiver chain without affecting the carriers on the primary band can enjoy significant battery savings also in the case a network do not use HS-SCCH orders (although we do not view this as very likely in practice). 
In our view an important aspect when deciding if the UE should have a common or carrier specific DRX state machines is whether HS-SCCH orders will results in a performance degradation to all carriers or whether the interrupt can be limited to the carriers in the secondary band. Hence we propose:
Proposal 1: Await feedback on the LS to RAN4 before deciding on whether the UE DRX state machine should be common or carrier-specific.
Proposal 2: Agree on carrier specific UE DRX state machines in Rel-10 if HS-SCCH ordered activation (deactivation) of secondary carriers in a secondary band affects transmission and reception of the carriers in the primary band. 
2.2 Autonomous deactivation of secondary HS-DSCH carriers 

HS-SCCH orders were introduced as a means to allow dynamic (de)activation of the secondary downlink and uplink carriers already in Rel-8. The two main reasons for introducing HS-SCCH orders were the ability to revert to single carrier operation (with respect to HS-DPCCH format) when the UE was coverage limited and power savings enabled at the UE [8]. Hence, in our view a well-established purpose of HS-SCCH orders is to enable UE battery savings. Considering that this moreover is Rel-8 functionality, which already may have been implemented by network vendors we believe that new functionality only should be introduced if it can provide significant performance gains over the solution already offered by the standard.
Recently there have been proposals on autonomous UE deactivation of the secondary downlink carriers (present in the secondary band) [4] [7] [5]. The main argument behind these proposals is improved for battery savings. 
In [4] [7] autonomous UE deactivation was initially raised as candidate for Rel-10. More specifically, in [4] it is proposed that the UE should deactivate the secondary downlink carriers in the secondary band if Inactivity_Threshold_for_UE_DRX_cycle expires.
 For the carriers in the primary band the UE would instead enter DRX mode (as per Rel-8/9) upon expiry of the timer. The downlink carriers in the secondary band would be reactivated (implicitly) whenever the UE received data scheduled on any of the downlink carriers located in the primary band (deactivation and reactivation may results in an interrupt on all carriers). Autonomous deactivation would moreover not trigger any change in the HS-DPCCH format. Instead the UE would transmit the NULL_CQI in the positions corresponding to the secondary carriers that have been deactivated. Thus the network would still have to rely on HS-SCCH orders to ensure a good coverage. HS-SCCH orders would also be needed for deactivating secondary carriers in the primary band.
Some of the drawbacks with the proposed scheme are:

· The inactivity timer used to enter DRX mode is reused as a timer for the autonomous deactivation. This couples the two functionalities and an “aggressive” DRX inactivity timer will always imply that the UE deactivates the carriers frequently in secondary band very quickly. In general we would prefer a solution in which UE DRX and carrier deactivation remain decoupled. 

· Since the HS-DPCCH format is not changed upon autonomous deactivation there will exist two different modes of deactivation – one when the secondary carriers have been deactivated with HS-SCCH orders and one when the secondary carrier instead has been deactivated autonomously. This will increase Node-B complexity. 
· HS-SCCH orders would still be needed for deactivating the carriers in the primary band and to ensure that uplink coverage for the HS-DPCCH can be maintained. 
· HS-SCCH orders would also be needed for Rel-9 UEs. Thus the benefit would be limited.
· All secondary carriers in the secondary band are activated whenever data is transmitted on one of the carriers in the primary band – regardless of the actual amount of data that is transmitted.
For these reasons we are hesitant to the solution presented in [4]. 

The other main proposal related to autonomous deactivation of secondary carriers was presented in [5]. In short, the method described therein was based on a configurable carrier specific timer that would start once the UE enters a CPC cycle on the primary and secondary carriers. Upon expiration of this timer the UE would deactivate the carrier autonomously.
 To reactivate secondary carriers the serving Node-B would rely on HS-SCCH orders although data triggered activation was mentioned as an alternative. 
The main benefit of the method proposed in [5] was that this would reduce number of HS-SCCH orders that needs to be transmitted as compared to a solution that “only” relies on HS-SCCH orders. We do believe that the method in [5] has some advantages (as compared to the proposal in [4]):
· The timers used for autonomous deactivation of secondary carriers are decoupled from the ones used for DRX. This will simplify network operation. 

· Once a secondary carrier is deactivated the format of the HS-DPCCH etc. will be changed. Thus this proposal avoids having multiple levels of deactivation. Also this simplifies Node-B implementation. 

· The network controls when the secondary carriers are reactivated. This allows the Node-B to base this decision on the data buffer and not always activate all carriers whenever data is transmitted (since activation of carriers in the secondary band may impact the performance of carriers in the primary band).

However, similarly as for [4] we believe that there are some points related in [5] that need further discussion: 

· The motive for supporting autonomous deactivation of secondary carriers in addition to the already agreed HS-SCCH orders is to avoiding excessive use of HS-SCCH orders. However, since Rel-10 HS-SCCH orders allow transitions between any two permitted states with a single HS-SCCH order we would expect that the number of HS-SCCH orders that would be transmitted is on par with what is required for a Rel-9 DB-DC-HSDPA UE. Secondly, the portion of HS-SCCHs used for transmitting HS-SCCH orders will anyway only constitutes a small fraction of the total transmitted HS-SCCHs. 

· To ensure battery efficiency of Rel-9 UEs the network would still has to rely on HS-SCCH orders. Thus buffer based (de)activation, which of course also could be used for Rel-10 UEs, would likely need to implemented anyway.
· With different DRX state machines a significant portion of the total battery savings associated can still be achieved. Also, that DRXing the carriers in the secondary band does not affect the performance of the carriers in the primary band.

To sum up, our view is that the HS-SCCH orders are sufficient as a means of saving UE battery. Our preference would thus be to avoid adding new (redundant) functionality. However if RAN1 were to agree on supporting autonomous deactivation of secondary carriers we believe that such a solution should comply with following characteristics (summarized as a set of proposals):

Proposal 3: The HS-DPCCH format should be identical for both HS-SCCH ordered and autonomous deactivation.

Proposal 4: Activation of deactivated secondary carriers should only be possible by means of HS-SCCH orders.
Proposal 5: It should be possible for a network to configure UE so that autonomous deactivation is not allowed (for some or all carriers).

The main rationale behind these proposals is that autonomous deactivation does not in our view offer any additional benefit as compared to what already is possible achieve with the existing tools in the standard. Hence the introduction of this alternative way should not result in any additional complexity for a network, which instead rely on already existing HS-SCCH orders for saving battery.
3 Conclusions
In this contribution we have presented our view on UE DRX state machine design for 4C-HSDPA. With respect to this topic we made the following two proposals: 

Proposal 1: Await feedback on the LS to RAN4 before deciding on whether the UE DRX state machine should be common or carrier-specific.
Proposal 2: Agree on carrier specific UE DRX state machines in Rel-10 if HS-SCCH ordered activation (deactivation) of secondary carriers in a secondary band affects transmission and reception of the carriers in the primary band.
We also discussed the need for and the merits of the proposed methods for allowing a UE to autonomously deactivate secondary carriers. In summary, we do not see very strong reasons for introducing this since HS-SCCH orders already exists and would have to be used for Rel-9 DB-HSDPA UEs anyway. However if RAN1 decides on supporting autonomous deactivation of secondary carriers it should at least fulfill the following requirements 
Proposal 3: The HS-DPCCH format should be identical for both HS-SCCH ordered and autonomous deactivation.

Proposal 4: Activation of deactivated secondary carriers should only be possible by means of HS-SCCH orders.

Proposal 5: It should be possible for a network to configure UE so that autonomous deactivation is not allowed (for some or all carriers).
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� Here the secondary band refers to the band in which the primary carrier is not located.


� According to our understanding of the proposal in � REF _Ref260576951 \r \h � \* MERGEFORMAT �[5]� the UE would upon deactivation of a secondary carrier change the HS-DPCCH format.





