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1.
Background
As in RLC and PDCP, there are many timers in MAC specification. Though timers in RLC or PDCP are defined in terms of ‘ms’, timers in MAC are defined in terms of ‘subframe’. 
Followings are MAC timer values defined in RRC and MAC specification.

a) Contention Resolution Timer


mac-ContentionResolutionTimer

ENUMERATED {













sf8, sf16, sf24, sf32, sf40, sf48,













sf56, sf64}
b) DRX Inactivity Timer



drx-InactivityTimer




ENUMERATED {














psf1, psf2, psf3, psf4, psf5, psf6, 














psf8, psf10, psf20, psf30, psf40, 














psf50, psf60, psf80, psf100, 














psf200, psf300, psf500, psf750,














psf1280, psf1920, psf2560, spare10,














spare9, spare8, spare7, spare6,














spare5, spare4, spare3, spare2,














spare1},

c) DRX Retransmission Timer



drx-RetransmissionTimer



ENUMERATED {














sf1, sf2, sf4, sf6, sf8, sf16,














sf24, sf33},

d) DRX Short Cycle Timer





shortDRX-Cycle





ENUMERATED
{
















sf2, sf5, sf8, sf10, sf16, sf20,
















sf32, sf40, sf64, sf80, sf128, sf160,
















sf256, sf320, sf512, sf640},

e) On Duration Timer



onDurationTimer





ENUMERATED {














psf1, psf2, psf3, psf4, psf5, psf6, 














psf8, psf10, psf20, psf30, psf40, 














psf50, psf60, psf80, psf100, 














psf200},

f) Time Alignment Timer
TimeAlignmentTimer ::=




ENUMERATED {













sf500, sf750, sf1280, sf1920, sf2560, sf5120,













sf10240, infinity}
g) RETX_BSR_TIMER


retxBSR-Timer





ENUMERATED {













sf320, sf640, sf1280, sf2560, sf5120,













sf10240, spare2, spare1},

h) PERIODIC_BSR_TIMER



periodicBSR-Timer




ENUMERATED {













sf5, sf10, sf16, sf20, sf32, sf40, sf64, sf80,












sf128, sf160, sf320, sf640, sf1280, sf2560,













infinity, spare1} OPTIONAL,
-- need ON

i) PROHIBIT_PHR_TIMER



prohibitPHR-Timer




ENUMERATED {sf0, sf10, sf20, sf50, sf100,

















sf200, sf500, sf1000},

j) PERIODIC_PHR_TIMER




periodicPHR-Timer




ENUMERATED {sf10, sf20, sf50, sf100, sf200, 
















sf500, sf1000, infinity},

k) HARQ RTT Timer
7.7
HARQ RTT Timer

For FDD the HARQ RTT Timer is set to 8 subframes. For TDD the HARQ RTT Timer is set to k + 4 subframes, where k is the interval between the downlink transmission and the transmission of associated HARQ feedback, as indicated in Table 10.1-1 of [2].
In this contribution, we try to clarify the intended behavior with timer defined with subframe.

2.
Discussion
2.1 Example 1: On Duration Timer
Following is stated in section 5.7 of TS 36.321:

	When DRX is configured, the UE shall for each subframe:

-
If the Short DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Short DRX Cycle) = (DRX Start Offset) modulo (Short DRX Cycle); or

-
if the Long DRX Cycle is used and [(SFN * 10) + subframe number] modulo (Long DRX Cycle) = DRX Start Offset:

-
start the On Duration Timer.


Regarding the starting of On Duration Timer, let’s look at the following figure 1 where DRX Start Offset is 1 and the length of On Duration Timer is 2:
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Fig. 1 Example: On-duration timer
If subframe is converted to ms, 1 subframe is equal to 1 ms. In this sense, depending on the exact starting point of the timer within a subframe, 3 options are possible as shown in figure 1. 
From the three options, the intended behaviour is option 1 due to following statement in the definition section of TS36.321:

	On Duration Timer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.


In addition, option 2 and option 3 makes the UE monitor PDCCH for 3 subframes due to following statement:
	When a DRX cycle is configured, the Active Time includes the time while: 

-
the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer (as described in subclause 5.1.5) is running; or


Thus, the intended behaviour is option 1 in the figure 1. If this is the case, following conclusion can be made:

Conclusion 1:

· When a timer is started in subframe X, the timer is considered as having been started at the beginning of subframe X.

2.2 Example 2: HARQ RTT Timer

The statement for HARQ RTT Timer in section 5.7 of TS36.321 is as following:
	(First Reference)

-
if a HARQ RTT Timer expires in this subframe and the data in the soft buffer of the corresponding HARQ process was not successfully decoded:

-
start the DRX Retransmission Timer for the corresponding HARQ process.
(Second Reference)
-
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;




Based on the above references, the behaviour of timer is shown in the following figure 2:
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Fig. 2 Example: HARQ RTT timer
In the figure 2, it is assumed that DL assignment is received for subframe #0 and the timer is started according to the conclusion 1 above. According to the conclusion 1, the timer for HARQ RTT Timer expires at the boundary between subframe #7 and subframe #8. In this case, it is unclear for which subframe the timer is considered as expired. In other words, the subframe in the above text highlighted in green is not clearly indicating whether the intended subframe is #7 or #8.
By the way, the intended behaviour in the figure 2 is that the UE starts DRX Retransmission Timer at the subframe #8. This means that the HARQ RTT Timer should be regarded as expired in the subframe #8, which is in line with option 2.
If so, following conclusion 2 can be made:
Conclusion 2:

· When a timer expires at the boundary of subframe #N-1 and #N, the timer is considered as expired in the subframe #N.
3.
Conclusion

In this document, we discussed the exact timing of start/expiry for a timer which is configured in terms of subframe.
It is proposed to agree on the following clarification:

· When a timer is started in subframe X, the timer is considered as having been started at the beginning of subframe X.

· When a timer expires at the boundary of subframe #N-1 and #N, the timer is considered as expired in the subframe #N.
4.
Reference

[1] R2-092076, Draft CR correction on timer with subframe 
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