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1
Introduction 
On DRX for carrier aggregation, mainly three approaches are analyzed by companies’ contributions from the previous RAN2 meetings. They are: 1) CC (Component Carrier) common DRX; 2) CC independent DRX; 3) Anchor carrier based DRX. Approach 3) can be considered as an optimization of approach 2). It seems that most companies are in favor of the anchor carrier based DRX. This contribution focuses on the discussion of this approach.
2
Discussion
2.1
Anchor carrier and non anchor carrier
Anchor carrier performs DRX operation according to its own DRX configuration and scheduled activity. Its DRX behaviour inherits LTE Rel-8 DRX principles. Further enhancements are FFS. Anchor carrier can also fully or partially control the DRX behaviour of other non anchor carriers directly or indirectly. The non anchor carrier performs DRX operations according to its own DRX configuration or the anchor carrier’s DRX configuration and the scheduled activity, and it can also receive control information from the anchor carrier to shape or change its DRX behaviour. eNB may control the DRX behaviour of non anchor carrier by signaling via anchor carrier or direct signaling to the non anchor carrier.

Anchor carrier can be associated with the serving cell or “primary” serving cell according to the result of cell definition discussions. The anchor carrier or non anchor carrier from DRX perspective should be UE specific rather than cell specific to evenly distribute signaling load among carriers. Anchor carrier for one UE may be non anchor carrier for another UE.

Anchor carrier should be the backward compatible or non backward compatible component carrier with PDCCH. Non anchor carrier can be the backward compatible or non backward compatible or extension component carrier with or without PDCCH.

Usually the UE is configured with one anchor carrier and multiple non anchor carriers.  It is also possible that the UE is configured with several sets of anchor carrier and its corresponding non anchor carriers, due to its complexity, there may be no significant benefit of this kind of configuration.

Proposal 1: RAN2 should clarify the concept of anchor carrier and non anchor carrier from the DRX perspective.
Proposal 1.1: RAN2 should discuss whether anchor carrier is associated with the serving cell or primary serving cell according to the result of cell definition discussions.

2.2
Modeling of DRX state machine

In some contributions, it is expressed that turning off some of the component carriers completely for the low bandwidth applications would be beneficial. This “turning off” state is different from the DRX state. And it is also different from the “deleted” state since the RRC configuration may still be kept. If a component carrier is turned off, it can not be scheduled for transmission or reception, it will not be an active cell or resource any more unless it has been “waken up”. eNB could “turn off” or “wake up” the non anchor carrier by special physical layer signalling at any time according to scheduling decision. We can call this kind of “turning off” state as “Dormant” state, e.g. long and deep “sleep” state; the onDurationTimer will not be started for this scenario. Although it can be argued that it can be achieved by configuring the maximum longDRX-Cycle, it is still beneficial to model this state as a different behaviour from DRX state. It does not need to reconfigure the longDRX-Cycle frequently. In other words, it can be considered as “deactivation” state and be achieved by RRC signalling if 3-step CC configuration is applied (configuration-activation-scheduling), or a state between DRX inactive and “deleted” state if 2-step CC configuration is applied (configuration-scheduling). But this “Dormant” state understanding is seen from MAC scheduling point of view regardless of 3-step or 2-step CC configuration. 3-step or 2-step CC configuration can be considered as seen from RRC configuration point of view.
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Figure 1: DRX state machine for anchor carrier and non anchor carriers
Figure 1 depicts the modelling of DRX state machine with this “Dormant” state understanding. There is 1 DRX state including active and inactive status for anchor carrier, two-level DRX operation is supported if shortDRX-Cycle is configured. The state machine for anchor carrier follows the same principle as that in LTE Rel-8. There are 2 states for non anchor carrier: DRX state and Dormant state. In DRX state, it is a subset of LTE Rel-8 DRX operation, including active and inactive status. Two-level DRX operation is supported if shortDRX-Cycle is configured, but the transition between longDRX-Cycle and shortDRX-Cycle can be controlled by anchor carrier rather than by the drxShortCycleTimer. Dormant state includes a single “deep sleep” (“turning off”) status.
Proposal 2: RAN2 should discuss whether to introduce “Dormant” state for the modelling of DRX behaviour for non anchor carriers.
2.3
DRX configuration and DRX operation

There are mainly two aspects affect the DRX behaviour: DRX configuration and DRX operation. DRX configuration represents RRC configuring the Timers and their values such as onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer etc; parameters such as longDRX-Cycle, shortDRX-Cycle and drxStartOffset etc. DRX operation represents the UE’s DRX status of active, inactive and DRX cycles controlled by MAC according to specified DRX principles and PDCCH signaling following the DRX configuration.
If we consider the LTE Rel-8 DRX configuration as a full set configuration, the anchor carrier refers to the component carrier with such configuration. The DRX behaviour of anchor carrier follows essential LTE Rel-8 DRX principles. Whether further enhancements are needed is the next step to consider. 
Non anchor carrier may be configured with full set or subset of LTE Rel-8 DRX configuration, only a subset is essential. The start of its active time can be controlled by onDurationTimer or signaling from the anchor carrier. A separate onDurationTimer is beneficial for saving PDCCH signaling overhead, and it is also a tradeoff between signaling overhead and power consuming efficiency. The value can be configured shorter than that of the anchor carrier for power saving purpose. If onDurationTimer is configured, the On Duration should be aligned with that of anchor carrier for efficient power saving. If the non anchor carrier is to be scheduled, its further activity is controlled by the drx-InactivityTimer. An independent drx-InactivityTimer is essential since non anchor carrier may not need to be active along with the anchor carrier. But the value of drx-InactivityTimer can be shorter than that of anchor carrier. There may be no need to configure longer onDurationTimer or drx-InactivityTimer for non anchor carrier than that of anchor carrier. The HARQ RTT Timer and drx-RetransmissionTimer are configured per DL HARQ process. Neither is it necessary to configure different values for HARQ RTT Timer if the HARQ process numbers for anchor carrier and non anchor carriers are identical, nor is it necessary to configure different drx-RetransmissionTimer values. It is beneficial for two-level DRX cycles for non anchor carrier, but the switching of longDRX-Cycle and shortDRX-Cycle does not need to be controlled by drxShortCycleTimer. This behaviour can be controlled by explicit signaling from anchor carrier or implicit rules according to traffic volume or some other factors. There is no benefit if the anchor carrier is working under longDRX-Cycle but the non anchor carrier is working under shortDRX-Cycle. From complexity point of view, DRX configurations amongst non anchor carriers are not necessary to be different, but their DRX status can be different according to actual scheduling activity. 
In a sub-optimized manner, the DRX configuration and DRX behaviour of non anchor carrier can be identical to that of the anchor carrier, i.e. non anchor carrier just follows the DRX configuration and operation of the anchor carrier. In this sense, it falls back into CC common DRX. 

Table 1 shows a summary of the DRX configurations for anchor carrier and non anchor carrier if DRX is configured.

Table 1: DRX configuration
	DRX configurations
	DRX configuration for

Anchor carrier 
	DRX configuration for

Non anchor carriers
	Descriptions for non anchor carrier DRX configuration

	onDurationTimer
	YES
	YES or NO
	YES: configured independently, value can be shorter than that of anchor carrier;

No: not configured, can share the same configuration of anchor carrier;  or default is Dormant state, start of its Active Time controlled by “waken up” signaling from the anchor carrier, then its activity controlled by drx-InactivityTimer, expiry of drx-InactivityTimer means re-entering into Dormant state.

	drxStartOffset
	YES
	YES or NO
	YES: If onDurationTimer is configured. It is beneficial to align with that of anchor carrier;
NO: If onDurationTimer is not configured.

	drx-InactivityTimer
	YES
	YES or NO
	YES: configured independently, value can be shorter than that of anchor carrier; operation is also independent; this is the suggested configuration for DRX efficiency and to save signalling overhead;

NO: not configured independently; two cases: 1) share the same configuration of the anchor carrier; including value and (re-)starting activity; 2) share the value of anchor carrier configuration, but (re-)starting activity is independent.

	HARQ RTT Timer
	Defined (Per DL HARQ process)
	Defined (Per DL HARQ process)
	No difference from that of the anchor carrier if HARQ process numbers are identical.

	drx-RetransmissionTimer
	YES (Per DL HARQ process)
	YES (Per DL HARQ process)
	Activity is independent per DL HARQ process, can share the same value as that of anchor carrier.

	longDRX-Cycle
	YES
	YES or NO
	YES: If onDurationTimer is configured;

NO: If onDurationTimer is not configured.

	drxShortCycleTimer 
	Optional
	NO
	Transition between longDRX-Cycle and shortDRX-Cycle can still be supported by explicit signaling from anchor carrier or implicit rules.

	shortDRX-Cycle
	Optional
	Optional
	-, if onDurationTimer is not configured, it is not needed


Proposal 3: Only a subset of LTE Rel-8 DRX configuration is essential for non anchor carrier, e.g. independent drx-InactivityTimer.
Proposal 3.1: It is proposed that RAN2 discuss the DRX configuration for non anchor carrier based on Table 1.
2.4
Active Time

An important concept for DRX behaviour is Active Time. In LTE Rel-8, Active Time is defined as time during which the UE monitors PDCCH in PDCCH-subframes, including scenarios defined in section 5.7 of the MAC specification. For the anchor carrier based DRX, Active Time for the anchor carrier should be kept the same as that in LTE Rel-8. For the non anchor carrier without PDCCH, the difference is that UE does not monitor PDCCH but performs or waits for PDSCH reception or PUSCH transmission when indicated by PDCCH of the anchor carrier, so Active Time for non anchor carrier may need to be redefined, as mentioned in some contributions. And control information for non anchor carrier via anchor carrier should be sent during the Active Time of non anchor carrier. Signalling for turning on/off a non anchor carrier from deactivation/activation state is another issue to be considered, special handling by physical layer signalling may be needed.
Proposal 4: RAN2 should discuss the redefinition of Active Time for non anchor carrier without PDCCH.

2.5
UL activity related to DRX
In LTE Rel-8, the UE leaves DRX and remains active after the SR has been sent until an UL grant is received or maximum SR transmissions have been reached. Different DRX behaviour related to UL transmission for anchor carrier based DRX should be considered. SR can be sent on dedicated PUCCH resources configured for an active UL component carrier. If we don’t restrict the UL grant in response to an SR on the anchor carrier, i.e. any active DL component carrier with PDCCH configured may have the opportunity for the reception of the UL grant; so that they should all keep active waiting for the UL grant. This behaviour may not be good from power saving point of view.
Proposal 5: RAN2 should discuss whether to restrict the UL grant in response to an SR to be transmitted only on the anchor carrier.
2.6
An example of anchor carrier based DRX solution

Figure 2 shows a basic DRX operation for anchor carrier based solution. DRX onDurationTimer and drx-InactivityTimer for non anchor carriers are configured independently and their values are shorter than that for anchor carrier. Their On Durations are aligned with that of the anchor carrier. PDCCH of anchor carrier indicating PDSCH reception for non anchor carrier is delivered to non anchor carrier during active time of non anchor carrier, e.g. during its On Duration time. Considering the PDSCH to PDCCH delay, the starting of inactivity timer for non anchor carrier may be later than that for anchor carrier. drx-InactivityTimer of non anchor carrier may expire earlier than that of anchor carrier; its expiration only triggers the UE entering into inactive status on this non anchor carrier. drxShortCycleTimer is not configured but two-level DRX operation is still supported since it can be controlled by the DRX behaviour on anchor carrier. eNB can utilize MAC CEs to force non anchor carrier entering into inactive status or longDRX-Cycle, or utilize MAC CE or special physical layer signalling to force the non anchor carrier entering into “Dormant” state. The non anchor carrier can also enters into longDRX-Cycle or “Dormant” state automatically after several On Durations without any activity. 
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Figure 2: An example of anchor carrier based DRX solution
3
Conclusion 
In this contribution, some essential issues are discussed for the anchor carrier based DRX approach. It is proposed that:

Proposal 1: RAN2 should clarify the concept of anchor carrier and non anchor carrier from the DRX perspective.
Proposal 1.1: RAN2 should discuss whether anchor carrier is associated with the serving cell or primary serving cell according to the result of cell definition discussions.

Proposal 2: RAN2 should discuss whether to introduce “Dormant” state for the modelling of DRX behaviour for non anchor carriers.
Proposal 3: Only a subset of LTE Rel-8 DRX configuration is essential for non anchor carrier, e.g. independent drx-InactivityTimer.
Proposal 3.1: It is proposed that RAN2 discuss the DRX configuration for non anchor carrier based on Table 1.

Proposal 4: RAN2 should discuss the redefinition of Active Time for non anchor carrier without PDCCH.

Proposal 5: RAN2 should discuss whether to restrict the UL grant in response to an SR to be transmitted only on the anchor carrier.
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