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1 Introduction
In RAN2-69 it has been suggested [1] to revisit decisions made on DRX and to agree that “Each CC has separate independently running drx-InActivityTimer and drx-RetransmissionTimer”. The contribution claims that the agreed common DRX scheme causes high power consumption due to unnecessary Active Times and that it is too complicated.

In the scope of this contribution we evaluate difference in power consumption and complexity and come to the conclusion that both aspects speak in favor of the agreed common DRX scheme. 
2 Background
At RAN2-68 (Jeju) the following has been agreed with respect to DRX for carrier aggregation:

	Agreement: Common DRX as baseline

-   UE applies the same DRX operation to all configured carriers i.e. identical PDCCH active times on all CC’s


Note: if we have separate activation: UE applies the same DRX operation to all configured and activated carriers

-
CCx can always schedule PDSCH on any other configured (and activated (FFS)) CC


Correspondingly it has been captured in [2] that “In CA, whenever a UE is configured with only one CC, Rel-8/9 DRX applies. In other cases, the same DRX operation applies to all configured and activated CCs (i.e. identical active time for PDCCH monitoring). When in active time, any CC may always schedule PDSCH on any other configured and activated CC (further restrictions FFS)”.

To facilitate low power consumption and long battery lifetimes, an Activation/Deactivation mechanism has been agreed as complement to DRX [2]: “To enable reasonable UE battery consumption when CA is configured, a CC activation/deactivation mechanism for DL SCCs is introduced (i.e. activation/deactivation does not apply to the PCC). When a downlink SCC is not active, the UE does not need to receive the corresponding PDCCH or PDSCH, nor is it required to perform CQI measurements”.

3 Discussion
3.1 DRX Configuration Baseline
In LTE Rel-8, TS 36.321 specifies DRX for UEs in connected state. The DRX functionality allows a UE to stop monitoring L1/L2 control signaling for the purpose of extending a UE’s battery life. However, an excessive use of DRX makes the UE unavailable for incoming downlink data which translates into increased transmission delays and reduced performance. Such effects occur e.g. when the drx-InActivityTimer is set to a too low value in combination with a rather long DRX cycle. Such a configuration may be efficient in terms of battery consumption but it makes the UE inaccessible until the next On-Duration.

As mentioned in section 1, the main argument for revisiting the agreement of a common DRX scheme is the unacceptable power consumption due to HARQ Retransmissions needed for some but not all CCs. It is said in [1] (sections 3.1 and 3.2) that per-CC DRX would allow all CCs without pending HARQ retransmissions to perform DRX and thereby to save battery. 
However, we think that the drx-InActivityTimer typically voids this effect as it keeps a CC active for a similar time as the drx-RetransmissionTimers. That means, even if there are no HARQ retransmissions expected on a SCC, the drx-InActivityTimer keeps the UE in Active Time anyway.
Figure 1 shows the Active Times on 5 CCs with per-CC DRX at the end of a file download. Orange (light and dark) fields indicate Active Time on the corresponding CC. Light-Orange subframes are actually used for data transmission whereas dark-orange subframes remain unused, i.e., here battery is wasted. 

In the example the bulk data transfer ends in subframe 15 but a few more byte follow in subframe 19, 22 and 29 on the DL PCC. The latter may not be a very common case but it shows the (positive) effect of per-CC DRX: The four SCCs can be deactivated after the 10ms inactivity time. It can also be seen that all 5 CCs wake up (unnecessarily) for the following onDuration starting in subframe 43. 
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Configuration of PDSCH allocation for new transmissions (mimics the scheduler)
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Figure 1: Active Time on 5 CCs with per-CC DRX (common onDuration)
With the currently agreed per-UE DRX, all 5 CCs would have been active as long as the PCC is active. And the corresponding example is shown in Figure 2.
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Figure 2: Active Time on 5 CCs with per-UE DRX
Based on this comparison, one may come to the conclusion that per-CC DRX is superior in terms of UE power consumption. However, in the examples in Figure 1 and Figure 2 the possibility of explicit CC Activation and Deactivation has not been considered and should therefore not serve as decision basis!
3.2 Explicit De-Activation

RAN2 agreed on an Activation/Deactivation procedure which allows the eNodeB to explicitly activate and de-activate SCCs. CC de-activation can be seen as a type of scheduling which has not only an impact on the instantaneous throughput but also on the UE’s power consumption. 

In the following we assume that the eNodeB deactivates SCCs whenever the downlink queues run empty and thereby avoids that the UE has to activate DL SCC(s) for the following onDuration. For the remaining activated CCs (typically only the DL PCC) the drx-InActivityTimer should be chosen in the order of a few tens of milliseconds. This ensures that the network can reach the UE in case of new data becoming available in the downlink buffers. The benefit of this approach is that it reduces the battery consumption without bearing the risk of increased delays.

The configuration used in Figure 3 is similar to the one applied in Figure 1. However, it is assumed that SCCs are deactivated when they are no longer needed or scheduled. The deactivation command is sent in a MAC CE and takes effect in the third subframe after the most recent data transmission. It can be seen that the amount of active but unused (dark-orange) subframes is reduced significantly compared to Figure 1. 
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Configuration of PDSCH allocation for new transmissions (mimics the scheduler)
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enabled its receiver on a CC for one subframe.
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Figure 3: Active Time on 5 CCs with per-CC DRX (common onDuration), 
and explicit De-Activation upon empty buffer
In Figure 4 we evaluate the Active Time with per-UE DRX and explicit Deactivation. In comparison to Figure 3 there is little difference in terms of active but unused subframes
. We assumed that the UE deactivates a DL SCC only if all pending HARQ retransmissions have been completed. This causes the UE to be in Active Time on a few subframes while waiting for the retransmission but we would not regard this as a significant difference – in particular not when compared to the activity on the PCC.
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Configuration of PDSCH allocation for new transmissions (mimics the scheduler)
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Figure 4: Active Time on 5 CCs with per-UE DRX
and explicit De-Activation upon empty buffer
Based on the findings in Figure 3 and Figure 4 we think that explicit de-activation should be applied to reduce the UE’s battery consumption. Given this possibility, we see no need for per-CC DRX as its benefits over per-UE DRX are negligible. 

As explained above, it is assumed that the eNodeB typically de-activates the DL SCC when the downlink data queue in the eNodeB runs empty. According to the agreements made at RAN2-69 it sends the corresponding MAC CE in the last transport block on one of the activated CCs. However, some of the Transport Blocks might need a HARQ retransmission and arrive later than others. If the MAC PDU with the MAC CE for Deactivation arrives on the first attempt and if the UE strictly follows the deactivation command, the UE will not be able to receive the potential retransmission on the same CC (earlier HARQ processes) or on other component carriers. Therefore, the deactivation command should be applied once all HARQ (re-)transmissions on a component carrier have been completed successfully. 
This deactivation behavior causes some ambiguity as the eNodeB does not know exactly when the UE deactivates the component carriers. However, this is not a problem if the eNodeB does not schedule any new data on any of the component carriers for which it sent a deactivation command. If it receives a retransmission request (HARQ NACK) it knows that the UE kept the corresponding DL SCC active and is awaiting the retransmission. 
3.3 Complexity

It has been claimed in [1] that the per-UE DRX scheme increases complexity due to the need to align Active Times among component carriers. We don’t see this as an issue and would rather claim the opposite: The common DRX scheme is simpler due to a reduced number of state variables to be taken into account. 
Furthermore, one should note that there are anyway certain functions that require some sort of alignment and interaction among component carriers. Examples besides DRX are Logical Channel Prioritization, scheduling and Buffer Status Reporting. 
With the modification proposed in [1] PDSCH resources can only be granted if also the carrier intended to carry the assignment (PDCCH) is in Active Time. In many cases, the two may be the same or cross-carrier scheduling may be performed from the DL PCC. But other combinations have not been excluded by RAN1. In other words, the current agreement [2] “When in active time, any CC may always schedule PDSCH on any other configured and activated CC” would be invalidated. 
4 Conclusion
Based on the discussion in section 3 we propose the following:
Proposal 1 Agree that per-CC DRX would increase the complexity without providing a significant gain compared to the already agreed common DRX scheme.

Proposal 2 Agree on a delayed deactivation where the UE postpones the deactivation of its component carrier(s) until HARQ transmissions and retransmissions have been completed.
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� Note that retransmissions occur with 10% probability and therefore they differ among the figures.
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