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Discussion and Decision
1      Introduction
In RAN2#80 meeting, clarification for DRX timers for LTE FDD is agreed in [4]. In this contribution, we discuss how to generalize the clarification to TDD.
2      Discussion
The following was added to TS 36.321 Annex C according to [4].
	When a DRX timer is set to a value of X, and n denotes the subframe in which the related event is triggered according to the section 5.7, the intended behaviours of each DRX timer are presented in the Table C-1 below: 
Table C-1: Intended UE behaviour for DRX timers for FDD case.
DRX Timers

Intended UE behaviour 
([x, y] means including subframe x and y)
drx-InactivityTimer

The UE monitors PDCCH during the subframes [n+1, n+X].

The UE starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+X+1, if configured.

mac-ContentionResolutionTimer

The UE monitors PDCCH during the subframes [n+1, n+X].

drx-RetransmissionTimer

The UE monitors PDCCH during the subframes [n, n+X-1].

onDurationTimer

The UE monitors PDCCH during the subframes [n, n+X-1].

drxShortCycleTimer

The UE uses the Short DRX Cycle during the subframes [n, n+X-1].

The UE starts to use the Long DRX Cycle in the subframe n+X.

HARQ RTT Timer

The UE starts drx-RetransmissionTimer in the subframe n+X, if needed.

For drx-InactivityTimer and drx-RetransmissionTimer, if X=0, the timer does not make the UE to monitor the PDCCH.


The main reason that the table is not applicable to TDD is that the unit of drx-InactivityTimer, drx-RetransmissionTimer, and onDurationTimer are PDCCH-subframes. It should be noted that there is no issue for mac-ContentionResolutionTimer (in unit of subframes), drxShortCycleTimer (multiples of ShortDRXCycle), or HARQ RTT Timer (specified in TS 36.321 [1] section 7.7). According to TS 36.321 [1], for FDD UE operation, PDCCH-subframe represents any subframe; for TDD, PDCCH subframe refers to union of downlink subframes and subframes including DwPTS of all serving cells, except serving cells that are configured with schedulingCellId. Therefore, for FDD, it is straightforward to calculate subframes based on DRX timer value X as in Table C-1 above. For TDD, the issue is how to replace X with a suitable value taking into account PDCCH-subframes.

In section 7.1.6.1.3.2 of RAN5 TS 36.523-1 [2], function NormalSF is introduced to abstract the concept of counting PDCCH-subframes.
	For FDD, NormalSF(current SFN,current subframe number,y)=y; For TDD, NormalSF(current SFN,current subframe number,y) counts the minimum number of normal subframes needed to cover y number of PDCCH-subframes until next PDCCH-subframe available, starting from current subframe number on current SFN. For example at step 1, drxStartOffset can point to UL or DL subframe for TDD. If it points to a UL subframe, NormalSF(current SFN,current subframe number,0) counts the number of normal subframes until reach the first DL/special subframe available. If drxStartOffset points to a DL subframe, NormalSF(current SFN,current subframe number,0)=0.


A similar approach can be used to generalize the clarification of DRX timers to TDD. In RAN5 spec, function NormalSF() takes three arguments: current SFN, current subframe number, and y. Since in Table C-1 of TS 36.321, the subframe number n is a combination of SFN and subframe number, it is sufficient to use a two argument function SF(n, x). For FDD, SF(n, x)=x; For TDD, SF(n, x) counts the minimum number of normal subframes needed to cover x number of PDCCH-subframes until next PDCCH-subframe available, starting from subframe n. With this function, the clarification in Table C-1 can be changed as below:
	DRX Timers
	Intended UE behaviour 
([x, y] means including subframe x and y)

	drx-InactivityTimer
	The UE monitors PDCCH during the subframes [n+SF(n,1), n+SF(n,X)].

The UE starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+SF(n,X)+1, if configured.

	mac-ContentionResolutionTimer
	The UE monitors PDCCH during the subframes [n+1, n+X].

	drx-RetransmissionTimer
	The UE monitors PDCCH during the subframes [n, n+SF(n,X-1)].

	onDurationTimer
	The UE monitors PDCCH during the subframes [n, n+SF(n,X-1)].

	drxShortCycleTimer
	The UE uses the Short DRX Cycle during the subframes [n, n+X-1].

The UE starts to use the Long DRX Cycle in the subframe n+X.

	HARQ RTT Timer
	The UE starts drx-RetransmissionTimer in the subframe n+X, if needed.


3      Conclusion
In this contribution, we discuss how to generalize the clarification of DRX timers to TDD. Corresponding CR is provided in [3].
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