3GPP TSG RAN2 Meeting #71bis
R2-105624
Xi’an, China, October 11 - 15, 2010

Agenda item:

7.1.1.3

Source:
NEC

Title:
DRX related timers in carrier aggregation

Document for:

Discussion and Decision

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 on MAC control element is supported. The remaining discussion point is details of the Common DRX, e.g. handling of timers used for DRX operation. In the past contribution [1], we discussed details of the Common DRX and proposed to handle some timers per serving 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 HARQ operation and the DRX state transition during carrier aggregation, and propose how to handle timers used for DRX operation. 
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 for HARQ operation or DRX state transition is not clear yet. This needs to be clarified and the related discussion can be seen below. 

2.1
HARQ operation
At first, HARQ operation during carrier aggregation is discussed. Basically HARQ operation is performed by using DRX timers same as Rel-8/9 and there are 2 options as shown below: 
· Option 1: DRX timers are handled only on Pcell
· The DL data reception on Scell(s) can be done while any of DRX timers is running on Pcell.
· Option 2: DRX timers are handled per serving cell
· The DL data reception on each serving cell can be done while any of DRX timers on its serving cell is running. 

· Each type of timer has the same length among all serving cells. 
We compare Option 1 and 2 with respect to the HARQ operation, 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 DRX timers only on Pcell, while the drawback of Option 2 is a higher UE complexity and it increases proportional to the number of Scells. On the other hand, in Option 2, DL data packet reception could be completed on each serving cell, while some DL data packet receptions on Scell may be aborted when all DRX timers expire on Pcell before the completion of DL data packet reception on Scell in Option 1. From our view, incompletion of packet reception 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 2 would be better than Option 1 and it is proposed to handle DRX timers per serving cell. 

Note that we assume “OnDurationTimer” is also handled per service cell in Option 2 above. However it may be acceptable to handle “OnDurationTimer” only on Pcell if DRX function on Scell can refer to that, although we do not assume this for now.
Table 1: Comparison of 1 and 2 with respect to HARQ operation
	
	Option 1:

DRX timers only on Pcell
	Option 2:

DRX timers on each serving cell

	Pros 
	· DRX timers need to be handled only on Pcell, i.e. lower complexity
	· Backward compatible for all serving cells

· Incompletion of DL packet reception will not occur 

	Cons 
	· Non backward compatible for Scells 

· Incompletion of DL packet reception may occur on Scell 
	· DRX timers need to be handled on all serving cells, i.e. higher complexity 


Proposal 1: DRX timers, i.e. drx-InactivityTimer, onDurationTimer, HARQ RTT Timer, and drx-RetransmissionTimer are handled per serving cell.
If proposal 1 can be agreed in RAN2, how to determine the Active time should be clarified further in stage-3. 

2.2
DRX state
Next, it is discussed how to handle the drxShortCycleTimer for controlling DRX state transition (i.e. short DRX to/from long DRX). Basically the DRX state should be determined according to the frequency of DL data reception. In the case of carrier aggregation, the frequency of DL data reception may be different among serving cells. So, similar to DRX timers discussed in 2.1, it may be possible to handle drxShortCycleTimer per serving cell. However, the current agreement is to apply Common DRX, i.e. On-duration is aligned and DRX state is same among serving cells. In addition, it would be rare that no DL data is sent on Pcell, but some DL data is sent on Scell during one DRX cycle. This is because normally the channel quality on Pcell is almost identical to or better than that on Scell and the eNB will use Pcell with higher priority for DL data transmission. Therefore, the DRX state can be determined based on the frequency of DL data reception on Pcell, i.e. it is sufficient to handle drxShortCycleTimer only on Pcell. 
Proposal 2: drxShortCycleTimer is handled only on Pcell.

3. Conclusion

In this contribution we discussed the handling of timers related to DRX operation during carrier aggregation. Regarding the HARQ operation, in order to avoid incompletion of DL date reception on Scell, HARQ operation should be performed per serving cell and thus we propose: 
Proposal 1: drx-InactivityTimer, onDurationTimer, HARQ RTT Timer, and drx-RetransmissionTimer are handled per serving cell.
If proposal 1 can be agreed in RAN2, how to determine the Active time should be clarified further in stage-3. 
Regarding the DRX state transition, since it would be rare that DL data is sent only on Scell during one DRX cycle, the DRX state can be determined based on the frequency of DL data reception on Pcell and we propose:
Proposal 2: drxShortCycleTimer is handled only on Pcell.
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