3GPP TSG-RAN WG2 #78






R2-122503
May 21 – May 25, 2012





Prague, Czech Republic
Agenda item:
7.1.3
Source: 
Samsung
Title: 
DRX operation: CA of cell specific TDD configuration for Full Duplex mode
Document for:
Discussion, Decision
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 be defined what is active time related to DRX? In RAN2 #77Bis it is discussed that RAN2 specifications should define mechanism for both types of UEs i.e. Full Duplex and Half Duplex. In this document how to perform DRX operation for full-duplex UEs is discussed. 
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. 
It is clear from [1] that all the timers involved in DRX operation are based on counting operation for PDCCH-subframes. It is also clear that not all counted PDCCH subframes are monitored; because based on certain conditions only PDCCH subframes are monitored. We first discuss how the PDCCH subframe counting can be performed for full duplex UEs which can perform simultaneous UL and DL operation in case of cell specific TDD configuration TDD CA.

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

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. Keeping the same philosophy for Rel-11 as well for carrier aggregation of different TDD configuration onDurationTimer, drx-InactivityTimer and drx-RetransmissionTimer can be considered as consecutive PDCCH-subframes if any one of the cell has PDCCH-subframe during that time instance. This can be a good baseline approach. It is essentially taking the union of cells as proposed in [3]. It is discussed in [4] that union operation should be performed for only activated cells. This creates two options:

Option 1: UE should follow union of PDCCH subframes of configured (irrespective of active or not active) cells as PDCCH subframes
Option 2: UE should follow union of PDCCH subframes of only activated cells as PDCCH subframes

If we take an example where one Scell is configured but not yet activated. If Option 1 is followed then to have sufficient scheduling opportunity it will be required to set larger values of timers such as onDurationTimer compared to Option 2. From power consumption point of view both option 1 and option 2 can perform almost similar; only difference will be DRX settings. When Scell becomes activated then in this case Option 2 will have advantage over option 1 in terms of power consumption if the DRX settings are not changed. 
Observation 1: Option 2 can have slight advantage over Option 1 in terms of power consumption.

However considering the fact that if MAC CE containing the activation/de-activation command is lost then there will be situation that eNB and UE will be out of synch from DRX operation point of view. This mismatch can lead to data loss which is not desirable. 

Observation 2: With Option 2 there exist higher chance of eNB and UE following different DRX pattern.
From power consumption point of view different cases exist:
	Case
	Scell State
	Power consumption

	A
	Active
	Power consumption for PDCCH decoding & Power consumption for measurement

	B
	configured but NOT active
	Power consumption for measurement

	C
	NOT configured
	Power consumption for measurement only if it is present in measurement configuration.


 Compared to Case B) and Case C) it is more energy efficient to release the Scell and stop measurements if it is not expecting to add an Scell in the near future based on UE activity.
Observation 3: It is more energy efficient to release the Scell and stop measurements if it is not expecting to activate an Scell in the near future based on UE activity.
Based on Observation 3 it is most likely that to conserve the battery power of UE, eNB may not keep a configured but de-activated Scell for long. Hence the power saving coming out of Option 2 becomes small optimisation compared to Option 1. Considering the fact that this small optimisation in power saving comes at the cost of running through the risk of eNB and UE going out of synch, following different DRX pattern and data loss; it is not justified to select Option 2. 
Observation 4: Gains of following only activated cells might not be justified for the associated risk of eNB and UE following different DRX pattern.
Proposal 1: UE should 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 subframe monitoring
In this document we are considering the case of full duplex UE. Cell specific TDD configuration carrier aggregation for those UEs which can perform simultaneous UL and DL operation in one TTI the scenario is similar to normal FDD UE. So for this case PDCCH-subframe monitoring is same as it is for normal FDD UEs. So there is no change in PDCCH subframe monitoring rule as specified in section 5.7 of [1].
Proposal 3: For full-duplex UE PDCCH subframe monitoring rule there is no change compared to legacy behaviour as specified in section 5.7 of [1].

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. We propose:
Proposal 1: UE should 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: For full-duplex UE PDCCH subframe monitoring rule there is no change compared to legacy behaviour as specified in section 5.7 of [1].
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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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