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Introduction
As part of carrier aggregation enhancements following is agreed (apart from other agreed points):

· Support of inter-band carrier aggregation for TDD DL and UL including different uplink-downlink configurations on different bands [1]
In case of cell specific TDD configuration inter-band carrier aggregation case since there is possibility of DL and UL overlap it needs to define what active ime is related to DRX? Since RAN1 has made decision that simultaneous DL/UL operation and Half duplex mode both should be considered so more specifically In this document DRX aspect for half duplex is treated. 
Discussion
DRX is mechanism to save battery power when there is not sufficient data to be delivered to the UE. Carrier aggregation is performed when there is high amount of data to be exchanged between UE and eNB. Even though main purpose of carrier aggregation is to support higher data demand by UE but still it is important to have efficient yet simple DRX mechanism from battery power consumption point of view. In Rel-10 TDD carrier aggregation is performed for carriers with same TDD configuration. DRX active time defined in [1] for Rel-10 is 

	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).


Main components of active time are onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer. All of these are defined as consecutive PDCCH-subframes. In case of inter-band TDD carrier aggregation with different TDD configuration it is possible that in one cell there is DL (hence PDCCH subframe) and in another cell there is UL at a TTI. The intention of defining Rel-8/9/10 onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer as consecutive PDCCH-subframe was to count all those subframes which have opportunity to carry data for the UE in DL. Since RAN1 agreed that it is necessary to support both types of UEs i.e. 

1. UE TYPE 1: Simultaneous transmission and reception in different TDD bands is supported

2. UE TYPE 2: Simultaneous transmission and reception in different TDD bands is NOT supported

In [3] it is discussed and proposed that for those UE’s which are capable of simultaneous UL and DL operation (i.e. UE TYPE 1), in that case UE should follow the union of PDCCH subframes of configured cells as PDCCH subframes.

However it is important to define what is PDCCH subframe in the case of UE TYPE 2? This issue is more problematic because of the fact that whenever there is overlap in DL and UL in different cells then what should be considered? 

There exist few possibilities of following the rules that which direction should be followed in case of overlapped TTI:

1. Fixed direction i.e. follow PCell

2. Semi static direction i.e. eNB will provide in signalling which direction to be followed during Scell Configuration or activation/deactivation 

3. Dynamic direction i.e. eNB scheduler at run time decides which direction it wants to use.

All of these methods have some positive and some negative aspects. However RAN1 has sent LS to RAN4 and RAN1and RAN4 will decide appropriate mechanism to decide the direction. However whatever is the rule to follow certain direction in essence UE TYPE 2 in somewhat similar to half duplex FDD UEs. 
As DRX operation consists of two aspects:

Aspect 1: Counting for different timers associated with DRX based on PDCCH subframe

Similar to UE TYPE 1 as defined in [3] UE TYPE 2 i.e. half duplex UE should also follow union of PDCCH subframes of configured (irrespective of active or not active) cells as PDCCH subframes.

Proposal 1: The UE TYPE 2 (i.e. half duplex UE) should also follow union of PDCCH subframes of configured (irrespective of active or not active) cells as PDCCH subframes.
Proposal 2: Based on proposal 1 the text proposal for 36.321 is given in Annexure.
Aspect 2: PDCCH monitoring

In MAC specification [1] half duplex FDD UE DRX is handled in following manner:
	......................................................

......................................................

during the Active Time, for a PDCCH-subframe, if the subframe is not required for uplink transmission for half-duplex FDD UE operation and if the subframe is not part of a configured measurement gap:

-
monitor the PDCCH;
-
if the PDCCH indicates a DL transmission or if a DL assignment has been configured for this subframe:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the drx-RetransmissionTimer for the corresponding HARQ process.

-
if the PDCCH indicates a new transmission (DL or UL):

-
start or restart drx-InactivityTimer.

......................................

......................................


From simplicity and consistency point of view we can follow the same principle as mentioned in [1] with respect to half duplex FDD UE for UE TYPE 2 as well; i.e. for the TYPE2 UE, the UE monitors only those PDCCH subframes if it is not required to do any UL transmission in this subframe and it is not part of a measurement gap.
Proposal 3: The UE TYPE 2 (i.e. half duplex UE) monitors only those PDCCH subframes if it is not required to do any UL transmission in this subframe and it is not part of a measurement gap.
Proposal

In this contribution, we analysed how onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer can be defined in case of cell specific TDD configuration in inter-band carrier aggregation specifically for UE TYPE 2 i.e. half duplex mode. We propose:
Proposal 1: The UE TYPE 2 (i.e. half duplex UE) should also follow union of PDCCH subframes of configured (irrespective of active or not active) cells as PDCCH subframes.
Proposal 2: Based on proposal 1 the text proposal for 36.321 is given in Annexure.
Proposal 3: The UE TYPE 2 (i.e. half duplex UE) monitors only those PDCCH subframes if it is not required to do any UL transmission in this subframe and it is not part of a measurement gap.
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Annexure

Text proposal for 36.321

*************************************Start of TP *************************************************

PDCCH-subframe: Refers to a subframe with PDCCH or, for an RN with R-PDCCH configured and not suspended, to a subframe with R-PDCCH. For FDD UE operation, this represents any subframe; for TDD, only subframes in which at least one componenet carrier has a downlink subframes and subframes including DwPTS;For RNs with an RN subframe configuration configured and not suspended, in its communication with the E-UTRAN, this represents all downlink subframes configured for RN communication with the E-UTRAN.

*************************************End of TP *************************************************
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