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1. Introduction
On the last RAN2 meeting, the modeling for DRX related timers was discussed in [1] and only FDD related table was captured in R11 MAC specification. In this contribution, we will go on discussing how to capture the TDD related DRX timer in the MAC specification.
2. Discussion
2.1. Intended UE behavior for DRX timer for TDD
There are six timers listed in the Table C-1 of [2] as below.
· drx-InactivityTimer
· drx-RetransmissionTimer
· onDurationTimer
· mac-ContentionResolutionTimer
· HARQ RTT Timer
· drxShortCycleTimer
The unit of the first three timers is PDCCH-subframe, and the unit of the last three timers is subframe. Since the difference between TDD and FDD is the definition of PDCCH-subframe, thus for the intended UE behavior for DRX timers for TDD and FDD cases, it is same for the last three timers, but it is different for the first three timers. Hence, to make the TDD UE behavior clear, the intended TDD UE behavior should be added on Annex C in MAC spec. 
Proposal 1: It is proposed to clarify the intended TDD UE behavior for DRX timers on Annex C in MAC spec.

In case of TDD, for the DRX timers which are counted by PDCCH-subframe, for the timer starting subframe, since it is based on the trigger event, there is no different between FDD and TDD; but for the timer ending subframe, since it is dependent on the TDD UL/DL configuration and the subframe where the timer is started, it is a little difficult to denote it as a fixed formula, and to make the general description for it, it can be captured that the muber of PDCCH-subframe whithin the timer running period is equal to X (configured value) and the last subframe is a PDCCH-subframe. 
Observation 1: For DRX Timers counted by PDCCH-subframe, it should ensure that the number of PDCCH-subframe during the timer running period is equal to the timer length configured by RRC and the last subframe should be a PDCCH-subframe.
According to observation1, exmaple is given for each DRX timer with PDCCH-subframe for TDD case: 
1) drx-InactivityTimer 
An example is that drx-InactivityTimer is set to 4psf and UE receives a PDCCH indicating new transmission in subframe#0. The running periods of the timer for TDD and FDD are given in Figure-1. For FDD, the timer running period is subframes [1, 4]; for TDD, the timer running period is subframes [1, 6] within which there are 4 PDCCH-subframes and the last subframe(subframe#6) is a PDCCH-subframe.
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Figure-1 drx-InactivityTimer for FDD and TDD
2) drx-RetransmissionTimer 
An example is that drx-RetransmissionTimer is set to 6psf and HARQ RTT Timer is expired in the beginning of subframe#0. The running periods of the timer for TDD and FDD are given in Figure-2. For FDD, the timer running period is subframes [0, 5]; for TDD, the timer running period is subframes [0, 9] within which there are 6 PDCCH-subframes and the last subframe(subframe#9) is a PDCCH-subframe.
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Figure-2 drx-RetransmissionTimer for FDD and TDD

3) onDurationTimer
An example is that onDurationTimer is set to 2psf and the timer is started in subframe#0. The running periods of the timer for TDD and FDD is given in Figure-3. For FDD, the timer running period is subframes [1, 2]; for TDD, the timer running period is subframes[1, 4] within which there are 2 PDCCH-subframes and the last subframe(subframe#4) is a PDCCH-subframe.
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Figure-3 onDurationTimer for FDD and TDD

2.2. Text proposals
To capture the above observation1 in MAC spec, there are two alternatives:
· Alt1: change the current FDD table to a common table for TDD and FDD
· Alt2: add an addition table for TDD
The specification modification of Alt1 is as below:

	Table C-1: Intended UE behaviour for DRX timers
DRX Timers

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

drx-InactivityTimer

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

The UE starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+m+1, if configured.
(see note)
mac-ContentionResolutionTimer

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

drx-RetransmissionTimer

The UE monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].
(see note)
onDurationTimer

The UE monitors PDCCH in PDCCH-subframes during the subframes [n, n+m-1].
(see note)
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.

NOTE: 
For FDD, m is equal to X; for TDD, the number of PDCCH-subframe during the subframes [x, y ] is X, and the last subframe is a PDCCH-subframe.



The specification modification of Alt2 is as below:

	When a DRX timer is set to a value of X, n denotes the subframe in which the related event is triggered and n+m denotes the subframe in which the timer expires, according to the section 5.7, the intended behaviours of each DRX timer are presented in the Table C-1 and Table C-2 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.

Table C-2: Intended UE behaviour for DRX timers for TDD case.

DRX Timers

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

drx-InactivityTimer

The UE monitors PDCCH in PDCCH-subframes during the subframes [n+1, n+m].
The UE starts or restarts drxShortCycleTimer, and uses Short DRX Cycle in the subframe n+m+1, if configured.
The number of PDCCH-subframe during the subframes [n+1, n+m] is X and the subframe n+m is a PDCCH-subframe.

mac-ContentionResolutionTimer

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

The UE monitors PDCCH in the PDCCH-sbuframes during the subframes [n, n+m].

The number of PDCCH-subframe during the subframes [n,n+m] is X and the subframe n+m is a PDCCH-subframe.
onDurationTimer

The UE monitors PDCCH in the PDCCH-sbuframes during the subframes [n, n+m].

The number of PDCCH-subframe during the subframes [n, n+m] is X and the subframe n+m is a PDCCH-subframe.
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.




Compared with the two TPs, Since the intended UE behaviors for mac-contentionResoulutionTimer, drxShortCycleTimer and HARQ RTT Timer are same for FDD and TDD, Alt2 will bring redundancy description in MAC specification, thus we prefers Alt1.

Proposal 2: RAN2 is proposed to adopt change in Alt1. 

3. Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: It is proposed to clarify the intended TDD UE behavior for DRX timers on Annex C in MAC spec.
Proposal 2: RAN2 is proposed to adopt change in Alt1. 
CR based on the proposal made in this contribution is given in R2-130109[3].  
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