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1
Introduction 
Current baseline of activation/deactivation includes the following aspects:

DL PCC can not be activated;

MAC CE is used for activation/deactivation of an individual DL SCC;

UE does not monitor PDCCH/receive PDSCH/perform CQI measurements on a deactivated DL SCC;

The principle of common DRX is common configuration and identical active time for all active CCs.

Based on above information, this contribution addresses the detail aspects of activation/deactivation and the impacts on common DRX.
2
Discussion
Active time is an important concept for DRX operation. In LTE Rel-8, scenarios for active time are described as follows:
[When a DRX cycle is configured, the Active Time includes the time while: 

-
onDurationTimer or drx-InactivityTimer or drx-RetransmissionTimer or mac-ContentionResolutionTimer (as described in subclause 5.1.5) is running; or

-
a Scheduling Request is sent on PUCCH and is pending (as described in subclause 5.4.4); or

-
an uplink grant for a pending HARQ retransmission can occur and there is data in the corresponding HARQ buffer; or

-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for the preamble not selected by the UE (as described in subclause 5.1.4).]
In this document, common DRX behaviour and DL SCC activation/deactivation are analyzed mainly for these scenarios. Generally, scenarios of active time on an individual DL CC can be identical to that of LTE Rel-8, and this can be extended to any active DL CC according to the common DRX principle. 

2.1
Common DRX

In the common DRX framework, it is natural that onDurationTimer, drx-InactivityTimer, the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle are defined as UE specific. These timers can be considered not bind to any particular DL CC and applicable for all active DL CCs. If we consider these timers to be maintained only on the DL PCC because the DL PCC is never deactivated, there may be some complexities when DL PCC changes. If these timers are maintained on each individual DL CC and correlated in order to achieve common DRX behaviour, extra complexities will be introduced, especially for the operation of DRX-Cycle change. A DL CC may have to always check the timer status on other DL CCs to determine its timer operations. Activation/deactivation of DL SCCs adds even more complexities. For example, when a DL SCC is activated from deactivated state, it should check whether onDurationTimer and/or drx-InactivityTimer and/or other timers e.g. drxShortCycleTimer on this CC need to be started or restarted, and which DRX-Cycle is currently used. Maintaining more timers also increases UE processing load.
A HARQ RTT timer and a drx-RetransmissionTimer per DL HARQ process are needed. They can be maintained on the corresponding DL CC. It is in line with LTE Rel-8 DRX behaviour.
Proposal 1: onDurationTimer, drx-InactivityTimer, the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle are defined as UE specific and not bind to any particular DL CC and applicable for all active DL CCs.
Proposal 2: A HARQ RTT timer and a drx-RetransmissionTimer per DL HARQ process are maintained on the corresponding DL CC.

If the PDCCH indicates a new transmission (DL or UL) through any active DL CC, UE should start or restart the drx-InactivityTimer. Expiry of drx-InactivityTimer leads to the start or restart of drxShortCycleTimer and the usage of Short DRX Cycle. Long DRX cycle is entered if drxShortCycleTimer expires. Reception of DRX command MAC CE on any active DL CC makes the UE stop the onDurationTimer and drx-InactivityTimer and use the Short DRX Cycle. So that active time and DRX-Cycles are aligned for all active DL CCs. Thus LTE Rel-8 DRX behaviours are adapted to all active DL CCs. Only difference is that scheduling activity on any active DL CC can affect UE’s common DRX behaviour, e.g. start or restart of drx-InactivityTimer caused by PDCCH for new transmissions through any active DL CC, reception of DRX command MAC CE through any active DL CC.
According to common DRX, running of drx-RetransmissionTimer on any active DL CC requires extending of active time on all other active DL CCs, this behaviour may not be efficient. Since HARQ retransmissions are performed on independent HARQ entities on the corresponding DL CCs, the UE may not have to monitor PDCCH for DL CCs on which no HARQ retransmissions are expected. And UE may not need to deactivate the other DL SCCs too frequently only because there is no HARQ retransmissions for a short period. On the other hand, scheduling of adaptive HARQ retransmissions may also comes from other active DL CCs, there may be some reasons to have the other DL CCs keep in active time for some time during running of drx-RetransmissionTimer on this DL CC. Also that keeping all active DL CCs in active time if drx-RetransmissionTimer is running is a simple solution and align with LTE Rel-8 DRX behaviour. We have no strong opinion on whether active time on other active DL CCs should be extended due to HARQ retransmissions on this DL CC.
For the scenarios of pending SR, uplink grant for a pending HARQ retransmission can occur and a PDCCH indicating a new transmission has not been received after successful reception of a RAR for the dedicated preamble, all active DL CCs can just keep in active time if not deactivated by the eNB.
Proposal 3: Current LTE Rel-8 DRX principles are adapted to all active DL CCs for common DRX operations.

Proposal 4: Whether active time on other active DL CCs should be extended accordingly due to HARQ retransmissions on this DL CC is FFS.
2.2
Activation

The MAC CE for activation/deactivation of a DL SCC can only be received during the active time through any active DL CC since the UE needs monitoring PDCCH to receive the MAC CE. 

Impacts of DL SCC activation on UE DRX behaviour for this DL SCC and other DL CCs need to be discussed. MAC CE for DL SCC activation is received during active time, so the initial state of an activated DL SCC is active. UE may be using Long DRX Cycle or Short DRX Cycle which the activated DL SCC should follow. UE may successfully receive the activation MAC CE during its HARQ initial transmission or HARQ retransmissions. Activation of the indicated DL SCC would only be performed upon succesful decoding of the activation MAC CE. The impact is the timing of DL SCC activation. drx-InactivityTimer is started or restarted if PDCCH indicating DL assignment for new transmission of the activation MAC CE is succefully detected, so the active time for all active DL CCs would be extended accordingly. Active time may be extended further if the activation MAC CE is succefully decoded during its HARQ retransmissions. It is just the current LTE Rel-8 DRX behaviour for reception of a normal MAC PDU. No impacts are seen on the onDurationTimer and current DRX-Cycle (long or short) for the reception of activation MAC CE since they are defined as UE specific.
Usually the eNB may activate a DL SCC to improve data rates and throughputs due to higher traffic activity, eNB and UE are usually under synchronization in this scenario. It should be rare to activate a DL SCC if the UE and the eNB are unsynchronized. Activation MAC CE would not be received during RACH procedure (assuming single TA for Rel-10), even if this can happen, it should be received with msg4 or after contention resolution. So activation MAC CE has no impact on the mac-ContentionResolutionTimer.
Activation MAC CE may be received during scenarios of a pending SR, uplink grant for a pending HARQ retransmission can occur, or a PDCCH indicating a new transmission has not been received after successful reception of a RAR for the dedicated preamble. For these cases, the activated DL SCC would be in active time until the corresponding conditions are met. It is just common DRX behaviour and no impacts from the activation MAC CE.
Proposal 5: DL SCC upon activation just follows common DRX operations. No impacts are seen to other active DL CCs.
Implicit activation of a DL SCC is possible if UE selects its SIB2 linkage UL CC for RACH access. It is beneficial not to restrict UE selecting PRACH resources configured on such UL CCs. Explicit activation is not preferred since it may interrupt the ongoing RACH procedure and cause latency. No impacts are seen on current common DRX behaviour for implicit activation.
Proposal 6: Implicit activation of DL SCC is possible upon RACH access on its SIB2 linkage UL CC. 
2.3
Deactivation

Similar to the analyzing of activation MAC CE, deactivation MAC CE only impacts HARQ operations on the DL SCC to be deactivated. drx-RetransmissionTimer should be stopped if it is running and HARQ buffer should be flushed on the deactivated DL SCC. drx-InactivityTimer needs to be started or restarted when PDCCH for new transmission of the deactivation MAC CE is detected. onDurationTimer and current DRX-Cycle (long or short) are not affected. 
Usually all DL SCCs may have been deactivated due to low or no traffic activity for some time if the eNB and the UE are not synchronized. So deactivation of a DL SCC during RACH procedure should be rare, even if it can happen, it should be received with msg4 or after contention resolution. So deactivation MAC CE has no impact on the mac-ContentionResolutionTimer. If UE happens to receive deactivation MAC CE intends to the DL CC on which RACH procedure is ongoing, it can be UE implementation to proceed with RACH procedure or abort the RACH procedure. Anyway after the RACH procedure completes, the eNB can take further actions.
Deactivation MAC CE may be received during scenarios of a pending SR, uplink grant for a pending HARQ retransmission can occur, or a PDCCH indicating a new transmission has not been received after successful reception of a RAR for the dedicated preamble. For these cases, the impacts are only on the deactivated DL SCC. No impacts are seen for common DRX operations of the active DL CCs.
Proposal 7: No impacts on common DRX operation are seen for DL SCC deactivation. Only HARQ operations are affected for the intended DL SCC.
The original intention of introducing implicit deactivation is for reliability. There are concerns for reliability at that time since PDCCH order for activation/deactivation may be adopted. Now that we have MAC CE for activation/deactivation purpose, the need of implicit deactivation can be revisited.

If implicit deactivation is really needed, it can be based on no scheduling activity for some time on the concerned DL SCC. New CC specific timer can be introduced for this purpose. The timer can be started upon activation of the corresponding DL SCC, and restarted upon scheduled transmissions on this DL SCC. Expiry of the timer means deactivation of this DL SCC. The implicit deactivation can also be based on existing drx-InactivityTimer. All DL SCCs can be deactivated upon expiry of drx-InactivityTimer. Since the drx-InactivityTimer is UE specific, it is difficult to utilize it for deactivation of an individual DL SCC. When implicit deactivation would occur, there may be pending HARQ retransmissions even though this may be rare, it may be beneficial to allow HARQ retransmissions finished if there are any.
Proposal 8: If implicit deactivation would be needed, implicit deactivation of individual DL SCC based on new CC specific timers or implicit deactivation of all DL SCCs based on existing drx-InactivityTimer.
2.4
Contents of activation/deactivation MAC CE
It is proposed to use one LCID for activation/deactivation MAC CE to save LCID resource. 1 bit is used to indicate the operation of activation or deactivation. Bitmap is used to indicate whether the corresponding DL SCCs are concerned since the MAC CE may be used to activate/deactivate a set of DL SCCs.
Proposal 9: Bitmap format is used to activate/deactivate a set of DL SCCs.
3
Conclusion 
In this contribution, detail aspects of activation/deactivation and common DRX are discussed. The following are proposed:
Proposal 1: onDurationTimer, drx-InactivityTimer, the longDRX-Cycle, the value of the drxStartOffset and optionally the drxShortCycleTimer and shortDRX-Cycle are defined as UE specific and not bind to any particular DL CC and applicable for all active DL CCs.
Proposal 2: A HARQ RTT timer and a drx-RetransmissionTimer per DL HARQ process are maintained on the corresponding DL CC.

Proposal 3: Current LTE Rel-8 DRX principles are adapted to all active DL CCs for common DRX operations.

Proposal 4: Whether active time on other active DL CCs should be extended accordingly due to HARQ retransmissions on this DL CC is FFS.
Proposal 5: DL SCC upon activation just follows common DRX operation. No impacts are seen to other active DL CCs.
Proposal 6: Implicit activation of DL SCC is possible upon RACH access on its SIB2 linkage UL CC. 
Proposal 7: No impacts on common DRX operation are seen for DL SCC deactivation. Only HARQ operations are affected for the intended DL SCC.
Proposal 8: If implicit deactivation would be needed, implicit deactivation of individual DL SCC based on new CC specific timers or implicit deactivation of all DL SCCs based on existing drx-InactivityTimer.

Proposal 9: Bitmap format is used to activate/deactivate a set of DL SCCs.
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