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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 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 maintain some timers per serving CC (i.e. per serving cell). In this contribution, we discuss the HARQ operation and the DRX state transition during carrier aggregation, and propose how to maintain timers used for DRX operation. 
2. Discussion
In Rel-8/9, the DRX operation is handled with many timers; drx-InactivityTimer, HARQ RTT Timer, drx-RetransmissionTimer, onDurationTimer and drxShortCycleTimer [2]. (Only for the discussion purpose, the former 3 timers are referred to as “DRX timers” in this contribution.) However, in the case of carrier aggregation, how to maintain 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, given that the Common DRX is applied during the carrier aggregation, the on-duration is always aligned among serving cells. So, there seems to be no critical issue by introducing “OnDurationTimer” only in the PCell. It is proposed to maintain the “OnDurationTimer” only in the PCell. 
Proposal 1: The onDurationTimer is maintain only in the PCell.

Next, 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 maintained only in the 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 maintained 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 maintain DRX timers per serving cell. 

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 maintained only in 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 maintained in all serving cells, i.e. higher complexity 


Proposal 2: The drx-InactivityTimer, HARQ RTT Timer, and drx-RetransmissionTimer are maintained per serving cell.
If proposal 2 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 maintain 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 maintain the 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 in the Pcell, but some DL data is sent in the Scell during one DRX cycle. This is because normally the channel quality in Pcell is almost identical to or better than that in the Scell and the eNB will use the Pcell with higher priority for DL data transmission. Therefore, the DRX state can be determined based on the frequency of DL data reception in the Pcell, i.e. it is sufficient to maintain the  drxShortCycleTimer only in the Pcell. 
Proposal 3: The drxShortCycleTimer is maintained only in the 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 in the Scell, HARQ operation should be performed per serving cell and thus we propose: 
Proposal 1: The onDurationTimer is maintained only in the PCell.
Proposal 2: The drx-InactivityTimer, HARQ RTT Timer, and drx-RetransmissionTimer are maintained per serving cell.
If proposal 2 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 the Scell during one DRX cycle, the DRX state can be determined based on the frequency of DL data reception in the Pcell and we propose:
Proposal 3: The drxShortCycleTimer is maintained only in the Pcell.
A text proposal for stage-2 is attached below and we propose to base the TP for further stage-2 update.
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Text Proposal for TS36.300
Start of Modified Section
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DRX in RRC_CONNECTED 

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);
-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in ECM-IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" timer during which time the UE monitors the PDCCHs for possible allocations;
-
When DRX is configured, periodic CQI reports can only be sent by the UE during the “active-time”. RRC can further restrict periodic CQI reports so that they are only sent during the on-duration;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in downlink subframes that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in downlink subframes that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions). One inactivity-timer is maintained per serving cell but one common value is configured per UE by RRC:
-
active-time: total duration that the UE is awake. This includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e. the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

-
If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity in the PCell the UE follows the long DRX cycle;

-
Else the UE follows the long DRX cycle directly.

NOTE:
When DRX is configured, the network should detect whether UE remains in EUTRAN coverage by requesting UE to send periodic signals to the network.

In CA, whenever a UE is configured with only one serving cell (i.e. PCell) Rel-8/9 DRX applies. In other cases, the same DRX operation applies to all configured and activated serving cells (i.e. identical active time for PDCCH monitoring).
End of Modified Section










































