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Discussion and Decision

1. Introduction
In the past RAN2 meetings, the connected mode DRX in the case of carrier aggregation in LTE-A is discussed in some contributions [1~5], but there is no agreement on it so far. The discussion in those contributions is focused on e.g. whether the DRX configuration and/or the DRX operation is independent or identical for all the component carriers (CC’s). In this contribution, we discuss pros and cons of each option for DRX with carrier aggregation and propose a way forward with our preference. 
2. Discussion
First of all, the UE behaviour defined in LTE Rel-8 should be reused as much as possible in LTE-A. This concept should be applied to the DRX operation, which is introduced to save the UE battery power [6], even in the case of carrier aggregation in LTE-A. Therefore, the drx-InactivityTimer, onDurationTimer, HARQ RTT Timer, drx-RetransmissionTimer, and drxShortCycleTimer are used for the DRX operation with carrier aggregation. 
So far, four options below can be seen as the DRX with carrier aggregation.
· Independent DRX parameters are configured for each CC and the independent DRX operation is done per CC
· Identical DRX parameters are configured for all CC’s but the independent DRX operation is done per CC

· Identical DRX parameters are configured for all CC’s and the identical DRX operation is done for all CC’s
· Full DRX parameters are configured only for a specific CC and the DRX operation for other CC’s is done in conjunction with the specific CC
There are pros and cons in each option and we discuss them in the followings. 
2.1
Option1: Independent DRX configuration and independent DRX operation 
This option has high flexibility in configuring the DRX parameters. For instance, some of CC’s could be configured with short DRX cycle and the other CC’s could be configured with long DRX cycle, which may be  potentially extended to infinity [1]. This might be able to sub-optimize UE battery consumption. However, regarding the flexibility, the enough reason can not be seen to configure the DRX parameters independently for each CC as discussed in [2]. In Rel-8, the only one DRX cycle can be configured at a time in case of mixed traffic, even if such a situation could be expected. In addition, this option requires more larger amount of configuration messages than other options.
Pros:
High flexibility for configuration of DRX parameters. Possibly sub-optimum UE battery consumption. 
Cons:
Require larger amount of configuration messages. Scheduling with e.g. service awareness needed.
2.2
Option2: Identical DRX configuration and independent DRX operation 
In this option, a UE is configured with the identical DRX parameters for all the CC’s, but the DRX operation at each DRX cycle is independent among CC’s. Since the reason to configure the DRX parameters independently cannot be seen as discussed in 2.1 and the standardization and implementation can be simple [5], the identical DRX configuration seems enough from the flexibility point of view so far. This option could reuse the way to send the DRX configuration message by RRC signalling in Rel-8 and the DRX operation on each CC can be identical to Rel-8. Furthermore, since the HARQ operation with the carrier aggregation is independent among CC’s, this option could be optimum for the DRX operation at a DRX cycle. and thus this might be able to minimize the UE battery consumption, although it depends on the implementation how much battery power can be saved. 
On the other hand, the DRX related timers are independently handled and thus the DRX state transition (short DRX to long DRX, and vice versa) could be independently performed by using the drxShortCycleTimer configured to each CC. Indeed, it would be expected that the usage rate of each CC is not always identical due to the time variation of actual data size to be transmitted in DL. Therefore, the DRX state would become different among CC’s. From another perspective, the eNB may configure/activate the larger number of CC’s than really needed at the same sub-frame in order to enable the flexible selection of CC’s to be used based on channel quality and/or load balancing among CC’s. In this case, the DRX state would be different among CC’s as well. However, the same DRX state should be kept among CC’s in order for the eNB to be able to select any of them based on channel quality and/or load balancing at each DRX cycle. 
Pros:
High similarity with Rel-8 DRX, i.e. one configuration message and same DRX operation as Rel-8 per CC.
Cons:
Possibly low flexibility of CC selection due to misalignment of DRX state.
2.3
Option3: Identical DRX configuration and identical DRX operation
In this option, a UE is configured with the identical DRX parameters for all the CC’s and the DRX operation at each DRX cycle is also identical among CC’s. This means that the on-duration/active time and the DRX state is identical among CC’s. This option could reuse the way to send the DRX configuration message by RRC signalling in Rel-8 and no additional procedure would be required for DRX configuration [4]. However, the DRX operation needs to be changed from Rel-8. One alternative is that the DRX operation on each CC is performed independently first and the active times on all CC’s are extended to align with the most longest one. The other alternative is that the HARQ operation at each DRX cycle is performed independently, but the active time is determined on only one specific CC (e.g. anchor carrier) and the active times on other CC’s are aligned with the active time on the anchor carrier, which can be seen as Option4 in 2.4. 

Although this option enables the eNB to select the CC(s) flexibly per need basis, the UE battery consumption would be larger than necessary due to the unnecessary extension of the active time on some of CC’s. It should be noted that the undesirable UE battery consumption might depend on the implementation. 
Pros:
Only one configuration message needed same as Rel-8. High flexibility of CC selection. 
Cons:
Need additional DRX operation scheme. Undesirable UE battery consumption. 
2.4
Option4: DRX configuration/operation with anchor carrier based approach
This option is founded on the introduction of one specific carrier concept, where the specific carrier is referred to as anchor carrier [2]. In this option, a UE is configured with full DRX parameters to the anchor carrier and the UE performs the DRX operation on the anchor carrier mainly. On the other hand, the DRX for the other CC’s, i.e. non-anchor CC’s, could be operated in conjunction with the anchor carrier. It is discussed in [2] that the anchor carrier carries more data for transmission, there could be some additional configuration that would be applicable only to the anchor carrier. For instance, if more than one CC’s are needed to transmit data to a UE, the eNB indicates the data transmission on non-anchor CC(s) by explicit signalling [1][3]. It is also proposed that the DRX operation on the anchor carrier could be independent from other non-anchor CC’s and the DRX operation on non-anchor CC’s should be identical [2]. 
This option could minimize the UE battery consumption per need basis. However, the additional scheme to configure the non-anchor CC’s is needed and some delay might occur until the non-anchor CC can be ready for date reception and the DRX operation. 
Pros:
Only one configuration message same as Rel-8. Possibly minimum UE battery consumption. 
Cons:
Need additional scheme of configuring the non-anchor CC. 
From the discussion in this section 2, Option2 or Option3 seems better from our view. Because the DRX in Rel-8 could be reused basically and the standardization could be simple in both Options. In Option3, although the undesirable UE battery consumption at each DRX cycle can be expected, it might depend on implementation and hence this option is remained as one of candidates for DRX with carrier aggregation so far. While, in Option1 the need for introducing the independent DRX configurations for each CC could not be seen and in Option4 the feasibility of using the anchor carrier concept seems unclear so far. Additionally, Option2 could be improved in terms of the flexibility for the CC selection by introducing the technique that can keep the DRX state the same among all CC’s, even though the DRX operation is independent. At this moment, Option2 with this improvement (modified Option2) is our mild preference.
Proposal: It is proposed that RAN2 discuss the DRX with carrier aggregation by focusing on Option2 and Option3, unless the need for introducing the independent DRX configurations and/or the feasibility of using the anchor carrier concept has been clarified. 
3. Conclusion

In this contribution we discussed the DRX in the case of carrier aggregation in LTE-A. It seems better to select Option2 or Option3, because the need for introducing the independent DRX configurations could not be seen in Option1 and the feasibility of using the anchor carrier concept seems unclear in Option4. In addition, it should be considered to introduce the technique that can keep the DRX state the same among all CC’s in Option2. At this moment, the modified Option2 is our mild preference. 
Finally, it is proposed that RAN2 discuss the DRX with carrier aggregation by focusing on Option2 and Option3, unless the need for introducing the independent DRX configurations and/or the feasibility of using the anchor carrier concept has been clarified. 
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