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1
Introduction

In the last RAN2 #79bis meeting, there was a discussion that in which subframe drx-inactivityTimer starts and expires when relevant triggering event occurs in subframe n. During the e-mail discussion on this issue [1], we find that there are similar ambiguity issues for other DRX related timers, i.e., HARQ RTT Timer, mac-ContentionResolutionTimer, drx-RetransmissionTimer, onDurationTimer, and drxShortCycleTimer. 

In this contribution, we address ambiguity issues in DRX section and propose to remove ambiguity by adding a NOTE. 
2
Intended UE behaviour
In the DRX section, UE’s PDCCH monitoring behaviour is handled by various DRX related timers. But it is not clearly described in which subframe the timer starts/expires when triggering event occurs in subframe n. This creates ambiguity since some timers can start/expire in the beginning/middle/end of the subframe, and in this case, it is not clear whether the UE performs the intended behaviour in the subframe where the timer starts/expires. During the e-mail discussion [1], it is pointed out that overall clarification for DRX related timers is needed by some companies.
For clarification, we would like to confirm that the intended behaviour of DRX related timers is as shown in Table 1. In this paper, we assume that relevant triggering event occurs in subframe n and timer value is set to psfx.
	timer
	Intended behaviour
[x, y] means including subframe x and y

	drx-InactivityTimer
	The UE monitor PDCCH during the subframes [n+1, n+psfx].

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

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

	onDurationTimer
	The UE monitor PDCCH during the subframes [n, n+psfx-1].

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

	HARQ RTT Timer
	The UE does not monitor PDCCH for DL retransmission during the subframes [n, n+psfx-1] .


Table 1. Intended behaviour of DRX related timers
Proposal 1. Confirm the UE intended behaviour related to the DRX timers as in Table 1.
In the MAC specification, the intended behavior is realized by each timer. One may think that when to start/expire timer depends on UE implementation as long as the intended UE behaviour is guaranteed. However, regardless of when to start/expire the timer, we think the UE performs above intended behavior only while the corresponding timer is “running”.
Proposal 2. Confirm that the UE performs the intended behavior in Table 1 only while the timer is running, i.e. the “running” duration of each timer equals to the duration specified in Table 1.
3
Issues with DRX related timers
The issue is whether the timer is considered “running” in the subframe where the timer starts and in the subframe where the timer expires. Since the DRX section also specifies the UE behaviour at timer start/expiry, it should be clear in which subframe the timer starts/expires in relation to the timer “running”. 
Thus, the following issues need to be clarified.
· Issue 1) In the subframe where the timer starts, is the timer considered “running”?

· Issue 2) In the subframe where the timer expires, is the timer considered “running”?

Issue 1: In the subframe where the timer starts, is the timer considered “running”?
For drx-RetransmissionTimer, onDurationTimer, drxShortCycleTimer, and HARQ RTT Timer, the triggering event occurs at the subframe n and the timer is “running” from the subframe n. Then, it is obvious that the timer starts in subframe n. That is, for the four timers, the timer is considered “running” in the subframe where the timer starts.
For mac-ContentionResolutionTimer, the triggering event (i.e. Msg3 transmission) occurs at the subframe n but the timer is “running” from the subframe n+1. Then, there are two options to start the timer, i.e. either subframe n or n+1. However, considering the original intention of the timer, which is ensure the UE to monitor PDCCH for Msg4 after Msg3 is transmitted, it is logical to think that the timer starts in subframe n+1. This is clear from the definition “the number of consecutive subframe(s) during which the UE shall monitor the PDCCH after Msg3 is transmitted.” Thus, for mac-ContentionResolutionTimer, the timer is considered “running” in the subframe where the timer starts.
For drx-InactivityTimer, the triggering event (i.e. receiving PDCCH) occurs at the subframe n but the timer is “running” from the subframe n+1, similar to the mac-ContentionResolutionTimer. For this timer, we also think that the timer starts in subframe n+1 because the original intention of the timer is to ensure UE to monitor additional PDCCHs after a PDCCH is received. Also, the definition says “the number of consecutive PDCCH-subframe(s) after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE.” Thus, for drx-InactivityTimer, the timer is considered “running” in the subframe where the timer starts.
In summary, all timers are considered to be “running” in the subframe where the timer starts.
Proposal 3. Confirm that all DRX-related timers are considered to be “running” in the subframe where the timer starts.

Issue 2: In the subframe where the timer expires, is the timer considered “running?
For drxShortCycleTimer, and HARQ RTT Timer, the timer is considered “running” up to and including the subframe n+psfx-1. Then, there are two options to expire the timer, i.e. either subframe n+psfx-1 or n+psfx. The behavior at timer expiry is clearly specified for drxShortCycleTimer, and HARQ RTT Timer in the MAC specification. That is, when drxShortCycleTimer expires, the UE uses Long DRX cycle, and when the HARQ RTT Timer expires, the UE starts drx-RetransmissionTimer. 
If the timer is assumed to expire in subframe n+psfx-1, the expiry behavior should be performed in subframe n+psfx-1, which is not aligned with intended UE behavior considering that the timer is running up to and including the subframe n+psfx-1. That is, the UE cannot perform both behaviors, i.e. behavior for timer is running and behavior for timer expiry, within the same subframe. Thus, the timer should expire in subframe n+psfx. That is, for drxShortCycleTimer, and HARQ RTT Timer, we think the timer is considered not running in the subframe where the timer expires.
For mac-ContentionResolutionTimer, and drx-InactivityTimer, the timer is considered “running” up to and including the subframe n+psfx. Still, there are two options to expire the timer, i.e. either subframe n+psfx or n+psfx+1. The behavior at timer expiry is also clearly specified in the MAC specification. That is, when the mac-ContentionResolutionTimer expires, the UE considers the contention resolution not successful and discards C-RNTI, and when drx-InactivityTimer expires, the UE uses Short DRX cycle and starts drxShortCycleTimer.
Similar to the previous reasoning, we think the timer should expire in subframe n+psfx+1 for mac-ContentionResolutionTimer, and drx-InactivityTimer. Therefore, the timer is considered not running in the subframe where the timer expires even in this case.
For drx-RetransmissionTimer, and onDurationTimer, the expiry behavior is not specified in the MAC specification. Since there is no specified behavior, it does not matter whether the timer expires in subframe n+psfx-1 or n+psfx. However, given that other timers are considered not running in the subframe where the timer expires, we think it would be good to expire the timer in subframe n+psfx, in order to have a common behavior to remove any potential confusion.
In summary, all timers are considered to be not “running” in the subframe where the timer expires. That is, the timers are considered “running” up to and including the second last subframe before the timer expiry.
Proposal 4. Confirm that all DRX-related timers are considered to be not “running” in the subframe where the timer expires, i.e. the timers are considered “running” up to and including the second last subframe before the timer expiry.
4
DRX timer operation
Based on Proposals 3 and 4, we summarize the timer operation in the Table 2 below assuming that relevant triggering event occurs in subframe n and timer value is set to psfx.
	timer
	Timer operation
[x, y] means including subframe x and y

	drx-InactivityTimer
	· start = n+1

· expire = n+psfx+1
· timer running:  [n+1, n+psfx] → Active Time: [n, n+psfx-1]
· The UE starts drxShortCycleTimer in subframe n+psfx+1.

	mac-ContentionResolutionTimer
	· start = n+1
· expire = n+psfx+1
· timer running:  [n+1, n+psfx] → Active Time: [n, n+psfx-1]
· The UE discards the Temporary C-RNTI and considers the Contention Resolution not successful in subframe n+ psfx+1.

	drx-RetransmissionTimer
	· start = n
· expire = n+psfx
· timer running:  [n, n+psfx-1] → Active Time: [n, n+psfx-1]

	onDurationTimer
	· start = n
· expire = n+psfx
· timer running:  [n, n+psfx-1] → Active Time: [n, n+psfx-1]

	drxShortCycleTimer
	· start = n
· expire = n+psfx
· timer running:  [n, n+psfx-1] → The UE uses short DRX Cycle during the subframes [n, n+psfx-1]
· The UE starts using Long DRX cycle in subframe n+ psfx.

	HARQ RTT Timer
	· start = n
· expire = n+psfx
· timer running:  [n, n+psfx-1] → The UE does not monitor PDCCH for DL retransmission during the subframes [n, n+psfx-1].
· The UE starts drx-RetransmissionTimer in subframe n+psf x .


Table 2. Summary of DRX related timer operation

5
Conclusion
In this contribution, we addressed ambiguous issues in DRX section regarding timer start/expiry. To form common understandings in RAN2 group, the followings are proposed to be confirmed in RAN2.

Proposal 1. Confirm the UE intended behaviour related to the DRX timers as in Table 1.

Proposal 2. Confirm that the UE performs the intended behavior in Table 1 only while the timer is running, i.e. the “running” duration of each timer equals to the duration specified in Table 1.
Proposal 3. Confirm that all DRX-related timers are considered to be “running” in the subframe where the timer starts.
Proposal 4. Confirm that all DRX-related timers are considered to be not “running” in the subframe where the timer expires, i.e. the timers are considered “running” up to and including the second last subframe before the timer expiry.
Finally, to remove any ambiguity from the MAC specification, it is further proposed;

Proposal 5. Add a NOTE in MAC specification to make it clear that all the DRX-related timers are considered running from the subframe where the timer starts up to and including the second last subframe before the timer expires.
A related CR is provided in R2-12xxxx [3].
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