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1
Introduction

In RAN#46, the WI on 4C-HSDPA was approved. By the RAN2 UMTS meeting #68, an e-mail discussion was conducted where most of companies expressed their opinion on the 4C-HSDPA design and functionality. One of the open topics is power saving solutions for 4C-HSDPA. The majority of companies expressed a preliminary opinion of keeping the existent DC/DB-HSDPA functionality. However, more discussions are needed to ensure that the 4C-HSDPA remains an energy friendly feature for UEs with limited power resources.

This paper discusses about the power saving problem in 4C-HSDPA and proposes further possible enhancements. 

2
Discussion

In 4C-HSDPA, an UE can be configured with up to four carriers in the DL direction. If all the carriers are in the same frequency band, then a single receiver chain is used which makes it identical to the DC-HSDPA DRX functioning. However, the four carriers may be located in two different bands which creates a potential need for having independent band specific DRX parameters. At the same time, legacy DB-HSDPA specification has not introduced band specific DRX configuration. As a result, to have as least changes as possible, the same DRX parameters can be used for all the configured carriers, as expressed in [2,3].

As mentioned above and also in [4,7], an UE with two receiver chains may benefit from the fact that two bands have different DRX cycles because then one of the receivers may spend more time in the deactivated state thus saving UE battery. However, to cater for maximum energy saving, it is always more efficient to deactivate a carrier completely rather than provide different DRX parameters that will aim at finding a good trade-off between the activation delay and energy saving. Furthermore, 4C-HSDPA is likely to be used in case of high DL traffic loads, such as continuous streaming or large data bursts with short inter-arrival times. In this case, it is anticipated that all the configured carriers will be up and running all the time thus anyway not letting them to enter the DRX state. Once the streaming or any other data transmission stops, the network can always deactivate – either immediately or gradually – all the secondary carriers. 

3
Proposal

In this section we present a few simple scenarios to illustrate that the legacy mechanisms can be used efficiently also in case of 4C-HSDPA. Besides, we discuss about a possible extension that utilizes automatic carrier activation/deactivation. 

3.1
Common DRX parameters for all the carriers

This section presents a simple case when a legacy DB/DC-HSDPA DRX mechanism with common parameters is used in case of 4C-HSDPA. In absence of DL data from NodeB, an UE, which is configured with the DRX parameters, can enter the CPC cycle on the primary carrier, where it enters automatically the same cycle on all the configured secondary carriers. The network may assign more aggressive DRX parameters to compensate for the presence of up to four carriers.  Naturally, CPC with common DRX parameters introduces power saving compared to continuous reception but the comparison should not be made against that, rather comparison should be made against Rel. 7 CPC operation with a single RF. 

Proposal 1: Legacy DRX operation with common parameters defined for DC/DB-HSDPA is also applied for 4C-HSDPA.

3.2
Carrier deactivation with HS-SCCH orders

This section presents a simple case when a legacy HS-SCCH mechanism is used to deactivate the secondary carrier(s) to save UE battery. In absence of DL data from NodeB, an UE, which is configured with the DRX parameters, can enter the CPC cycle on the primary and secondary carriers. If the network detects that no DL data has arrived during a certain period of time or the total cell load has increased thus anyway not allowing an UE being scheduled over the carriers, the secondary carrier(s) can be deactivated by using the HS-SCCH orders. In presence of four configured carriers, the network can deactivate them immediately or gradually towards single carrier operation.  The benefit of using HS-SCCH orders is that carriers being active in UE are fully under network control. The drawback of the scheme is that to obtain power savings but still having all carriers active during data transmission requires potentially very frequent transmission of HS-SCCH orders.

Proposal 2: HS-SCCH orders can be used to activate and deactivate carriers regardless of possible usage of new network-controlled automatic carrier deactivation scheme.

3.3 Network-controlled automatic carrier deactivation

This section illustrates a case when a new Rel. 10 feature is used to deactivate automatically carriers if no DL data is scheduled by NodeB. This behaviour is similar to the one described in [1,5,6], with extra flavours for giving network control on how deactivation is performed by the UE. Upon configuring a secondary carrier, the network can provide a deactivation timer value that indicates that an UE can deactivate automatically a carrier without having received an explicit HS-SCCH order from the network. Once an UE enters the CPC cycle on the primary and secondary carrier(s), it starts the carrier specific timer on each secondary carrier; upon its expiry, the secondary carrier is deactivated.  If the network does not assign the deactivation timer, then the automatic deactivation is turned off.

Proposal 3: Introduce a new network-controlled automatic secondary carrier deactivation when the primary carrier enters the DRX cycle.

Unlike [5], the carrier specific deactivation timer allows for deactivating gradually carriers if no DL data is scheduled by NodeB. As an example illustrated at the figure below, secondary carriers can be assigned different deactivation timers so that secondary carrier 1 is deactivated first, and only then the secondary carrier number 0. For the sake of implementation simplicity, this timer can be specified in multiples of the DRX cycle on the primary carrier. The value for the deactivation timer is conveyed via the RRC signalling.
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It is worth mentioning that the network could deactivate the secondary carrier before the timer expiry as described in 3.2. 

Proposal 4: Each secondary carrier has an independent deactivation timer set by the network

The carrier activation can be performed explicitly over the legacy HS-SCCH order mechanism via the primary carrier. An alternative solution is to have an automatic secondary carrier activation once downlink data is scheduled for the primary carrier [1,5,6]. However, the latter solution lacks performance flexibility as even a relatively small amount of data scheduled for the primary carrier will bring up to three configured secondary carriers. As an option, whether the secondary carrier is activated automatically or not can be explicitly signalled, where the signalling could be carrier specific so that the network would have control over which carriers could be activated autonomously. However, it is worth mentioning that a number of proponents have expressed a preference for an explicit carrier activation based on the HS-SCCH orders [7,8,9].

Proposal 5: The deactivated secondary carrier(s) is/are activated by explicit HS-SCCH orders.

The HS-DPCCH channel after autonomous deactivation will be transmitted in the same fashion as when the carriers were deactivated using HS-SCCH orders. For example, if two carriers remain active after autonomous deactivation, the HS-DPCCH would be transmitted in the same way as in the case where two active carriers remained after HS-SCCH order based deactivation.

Proposal 6: The HS-DPCCH format after the autonomous carrier deactivation remains the same as if the carrier were deactivated by legacy HS-SCCH orders.

3.3 Impact on DC-HSUPA

As pointed out in [9], the autonomous carrier deactivation may disrupt the secondary uplink carrier as its functioning depends on the paired downlink carrier. One option is to allow for deactivating the uplink secondary carrier once the downlink carrier enters the deactivated state. However, this approach fails to fulfil scenarios, such as data uploading and/or uplink streaming. In this case all the uplink carriers may be scheduled with data while the amount of downlink data can be quite marginal. Thus, assuming that the network configures an UE with the uplink secondary carrier when indeed a large amount of data is transmitted in the uplink direction, it is proposed to disallow the autonomous downlink carrier deactivation in presence of the active associated uplink carrier.

Proposal 7: Disallow autonomous downlink carrier deactivation if it is associated with the activated uplink secondary carrier.

3.4 Backward and forward compatibility analysis

This network-controlled automatic carrier deactivation mechanism can be applied also to DB-HSDPA Rel.10 UEs. A Rel. 10 UE in pre-Rel.10 network will follow cases presented in sections 3.1 and 3.2, because the network will not include the carrier deactivation timer into the configuration message. A pre-Rel.10 UE in Rel.10 network must not be assigned a carrier specific deactivation timer thus also following cases 3.1 and 3.2. Thus, feature can be utilised without backward compatibility problems towards legacy releases.

4
Conclusion

In this paper, we have presented a problem of the UE battery power saving and discussed about a few solutions for 4C-HSDPA. We prefer to keep the existent DRX mechanism with the common parameters for all the carriers. At the same time, we see clear benefits on fast and efficient carrier activation/deactivation. Based on our understanding, the network-controlled automatic carrier deactivation scheme can achieve a good trade-off between system complexity and the UE battery power saving. 

Proposal 1: Legacy DRX operation with common parameters defined for DC/DB-HSDPA is also applied for 4C-HSDPA.

Proposal 2: HS-SCCH orders can be used to activate and deactivate carriers regardless of possible usage of new network-controlled automatic carrier deactivation scheme.

Proposal 3: Introduce a new network-controlled automatic secondary carrier deactivation when the primary carrier enters the DRX cycle.

Proposal 4: Each secondary carrier has an independent deactivation timer set by the network

Proposal 5: The deactivated secondary carrier(s) is/are activated by explicit HS-SCCH orders.

Proposal 6: The HS-DPCCH format after the autonomous carrier deactivation remains the same as if the carrier were deactivated by legacy HS-SCCH orders.

Proposal 7: Disallow autonomous downlink carrier deactivation if it is associated with activated uplink secondary carrier
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