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1. Introduction
In RAN2#68bis, RAN2 has agreed to support the Common DRX as baseline for carrier aggregation. In addition, in RAN2#70bis RAN2 has confirmed that the separate activation/deactivation command with MAC control element is supported. So far, the remaining discussion point is details of the Common DRX, e.g. how to determine the Active time. In the past contribution [1], we discussed details of the Common DRX and also the modified Common DRX, i.e. independent Active time per CC (i.e. per serving cell). Similarly, in [2] HARQ related timers per HARQ process per serving cell was proposed regardless of the existence of activation/deactivation command. In this contribution, we discuss the detail of Common DRX and propose to support the modified Common DRX.

2. Discussion
In Rel-8/9, the DRX operation is handled with many timers; drx-InactivityTimer, onDurationTimer, HARQ RTT Timer, drx-RetransmissionTimer, and drxShortCycleTimer [3]. (Only for the discussion purpose, the former 4 timers are referred to as “DRX timers” in this contribution.) However, in the case of carrier aggregation, how to handle these timers and how to determine the Active time are not clear yet. These points need to be clarified and the related discussion can be seen below. 

At first, there are 3 options for DRX operation during carrier aggregation. 

· Option 1: One set of DRX timers and identical Active time

· The Active time is determined according to only a data reception on Pcell. 

· The Active time on Scell(s) is aligned to the Active time on Pcell. 

· Option 2a: N sets of DRX timers and identical Active time

· N is the number of serving cells.

· The temporal Active time on each serving cell is determined according to data reception on itself.

· The Active time on all serving cell is aligned to the longest temporal Active time. 

· Note that each type of timer has the same length among all serving cells. 

· Option 2b: N sets of DRX timers and independent Active time

· N is the number of serving cells.

· The On-duration is aligned among all serving cells. 

· The Active time on each serving cell is determined according to data reception on itself.

· If the Active time on a serving cell expires, the UE does not need to monitor a PDCCH on this serving cell.

· Note that each type of timer has the same length among all serving cells. 

From the DRX timers’ configuration point of view, Option 2a and 2b can be considered as the same group, i.e. N sets of DRX timers are configured in both Options. So, we first compare Option 1 and 2a/b with respect to the configuration of DRX timers, and the results can be seen in the Table 1. The benefit of Option 1 is a lower UE complexity due to the need for only one set of DRX timers, while the drawback of Option 2a/b is a higher UE complexity and it increases proportional to the number of Scells. On the other hand, in Option 2a/b, DL data packet could be received on each serving cell during the Active time, while some DL data packets may be lost because of a lack of Active time on Scell(s) in Option 1. This is because the Active time on Scell(s) is determined only based on a data reception on Pcell and it is possibly inadequacy for Scell(s). From our view, a packet loss is a more important problem and it should be avoided as much as possible. Furthermore, it should be noted that the increase of UE complexity could be considered as a counter value for achieving higher throughput, i.e. trade-off between the throughput and the complexity. Hence, Option 2a/b would be better than Option 1. 

Table 1: Comparison of 1 and 2a/b with respect to configuration of DRX timers

	
	Option1:

One set of DRX timers
	Option 2a/b:

N sets of DRX timers

	Pros 
	· Only one set of DRX timers needed, i.e. lower complexity
	· Backward compatible for all serving cells

· Packet loss will not occur 

	Cons 
	· Non backward compatible for Scells 

· Packet loss may occur on Scell 
	· More than one set of DRX timers needed, i.e. higher complexity 


Next, we compare Option 2a and 2b. In Option 2a, all serving cells other than a serving cell with the longest temporal Active time needs to extend the Active time. This would mean that unnecessary wake up period is applied to some serving cells. On the other hand, the Active time per serving cell is determined independently according to data reception on its cell in Option 2b. Therefore, the battery saving gain could be expected in Option 2b. It could be decided which option should be supported by taking into account a trade-off between battery saving gain and UE complexity, and the impact on DL data reception. 

Trade-off between battery saving and complexity:

The modification in Option 2b was motivated from further battery saving at UE side due to e.g. switching off a baseband circuit corresponding to each serving cell according to data reception on itself. It should be noted that although an expected “gain per DRX cycle” is not large, the total gain could be large to some extent compared with the case without the modification. Since the Active time is temporarily decided per serving cell at once even in Option 2a, the modification does not cause anything which a UE has to do additionally.

Impact on DL data reception: 

It is also discussed if the modification in Option 2b can be justified from a DL data reception point of view. Basically, the retransmission can be sent only on the same serving cell as the first (or previous) transmission (or retransmission). In addition, the new data would be sent within On-duration normally and the Active time extension would be required mainly for retransmission in typical case. This is because the DRX parameters (e.g. On-duration, DRX cycle) should be configured with expecting how much information will be sent per DRX cycle. Therefore, the modified Common DRX would be reasonable from a DL data reception point of view as well.

Based on the comparison of three options, it is proposed to support the Option 2b, because it could avoid the possible packet loss on Scells and achieve the battery saving at UE side. 

Proposal: The DRX operation in carrier aggregation has the following features: 

· N sets of DRX timers are configured per UE, where N is the number of serving cells. 

· Note that each type of timer has the same length among all serving cells.
· The Active time is determined per serving cell.

· If the Active time on a serving cell expires, the UE does not need to monitor a PDCCH on this serving cell.
3. Conclusion

In this contribution we discussed the detail of Common DRX with considering three options. 

-
Option 1: One set of DRX timers and identical Active time
-
Option 2a: N sets of DRX timers and identical Active time
-
Option 2b: N sets of DRX timers and independent Active time
First we compared Option 1 and 2a/b with respect to the configuration of DRX timers. From the aspect of the trade-off between the UE complexity and possible DL packet loss, it would be better to support Option 2a/b, i.e. N sets of DRX timers per UE. Next, we compared Option 2a and 2b from the trade-off between the UE complexity and the battery saving gain, and the impact on DL data reception. Needless to say, the additional battery saving gain can be expected in Option 2b. While, there would be no additional UE complexity and no impact on DL data reception in Option 2b compared with Option 2a. Thus, it would be preferable to support Option 2b, i.e. modified Common DRX. Then, we propose to define the DRX operation in carrier aggregation as follows:

Proposal: The DRX operation in carrier aggregation has the following features: 

· N sets of DRX timers are configured per UE, where N is the number of serving cells. 

· Note that each type of timer has the same length among all serving cells.
· The Active time is determined per serving cell.

· If the Active time on a serving cell expires, the UE does not need to monitor a PDCCH on this serving cell.
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