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1 Introduction
Baseline DRX mechanism has been agreed during past several RAN2 meetings. But there are some inconsistency existing between current agreements recorded in 36.300[1] and 36.321[2] regarding to the (re)start of DRX Inactivity Timer. Also the UE behaviours upon receiving a “go-to-sleep” command, e.g. whether Short or Long DRX Cycle should be used are not clearly specified. In this contribution, above concern are further illustrated, and corresponding proposals are discussed. 
2 Discussion
2.1 Inconsistency of DRX Inactivity Timer triggering
During RAN2 #60bis meeting, discrepancy about the definition of “active time” between [1] and [2] was discussed and aligned [3]. The current active time “includes the “on-duration” of the DRX cycle, the time UE is performing continuous reception while the inactivity timer has not expired and the time UE is performing continuous reception while waiting for a DL retransmission after one HARQ RTT” in [1] [2]. It is also indicated that “new transmissions can only take place during the active-time” [1]. Base on the above statements, currently a new transmission can take place during the time the UE is performing reception while waiting for DL retransmission. 
In [2], DRX Inactivity Timer is defined as “the number of consecutive downlink subframe(s) during which the UE shall monitor the PDCCH after successfully decoding a PDCCH indicating an initial UL or DL user data transmission for this UE”, however, in subclause 5.7 describing the DRX procedure, the DRX Inactivity Timer won’t be start or restart if the PDCCH indicates a new transmission (DL or UL) during the time UE is only performing reception while waiting for DL retransmission. It is inconsistent with the DRX Inactivity Timer and active time definition in [1] and [2]. 
We think the original intention of decoupling retransmissions from DRX we discussed during RAN2 #59bis is to restrict its restarting that the grant for retransmission should not restart DRX Inactivity Timer [4], but not to exclude the possibility of receiving grant for new transmission while waiting for DL retransmission and such grant for new transmission should (re)start DRX Inactivity Timer. So we propose to modify the DRX procedure in [2] to make it consistent with the definitions in [1] and [2], i.e. start or restart the DRX Inactivity Timer while a new transmission occurs during the time UE is only performing reception while waiting for DL retransmission. 
Proposal 1: Start or restart the DRX Inactivity Timer while a new transmission occurs during the time UE is only performing reception while waiting for DL retransmission. 
One more concern regarding to the definition of active time in [1] and [2] is that the “active time” is defined as the “time that the UE is awake”, but does not include all duration UE shall monitor the PDCCH. For example, a downlink subframe that only “an UL grant for a retransmission can occur” or only “a Scheduling Request is pending” will not be considered as active time although the UE shall monitor the PDCCH during that subframe. We believe whether grant for new transmission received under such conditions should (re)start DRX Inactivity Timer should be discussed and further alignment regarding to the definition of active time between [1] and [2] are required. 
Proposal 2: Further alignment regarding to the definition of active time between 36.300 and 36.321 are required. 

2.2 Short or Long DRX cycle to be used
Currently, the switching between long and short DRX cycle will only occur upon the expiration of DRX Inactivity Timer and DRX Short Cycle Timer. The short DRX cycle (if configured) will be used upon the expiration of DRX Inactivity Timer, and at the same time the DRX Short Cycle Timer will be started. It is not until the downlink subframe the DRX Short Cycle Timer expires that the UE will switch back to use long DRX cycle. 

During RAN2 #61 meeting, it was agreed to add the stop of DRX Short Cycle Timer in order to solve the problem of determining the DRX cycle to be used when both DRX Short Cycle Timer and DRX Inactivity Timer expire “when receiving PDCCH signalling” [5]. Also a DRX Command MAC control element is introduced to allow the network to indicate “the UE that it may stop monitoring the PDCCH for initial transmissions for the remainder of the current DRX cycle” [6]. The UE will “stop the On Duration Timer and the DRX Inactivity Timer” upon the reception of such a DRX Command MAC control element as described in [2]. However, the corresponding UE behaviors upon receiving a “go-to-sleep” command, e.g. whether short or long DRX Cycle should be used are not complete. The introduction of the above two features could lead to unnecessary UE power consumption according to current specification by keeping UE using short DRX Cycle even though after long time of inactivity, as illustrated in Figure 1. 
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Figure 1 Example scenarios will keep UE using short DRX cycle
As illustrated in Figure 1(c), first the DRX Short Cycle Timer is stopped by successfully decoding PDCCH and the DRX Inactivity Timer is started, then a “go-to-sleep” command is received before the DRX Inactivity Timer expiration. The UE would go to sleep and keep using short DRX cycle even though no new transmission or retransmission occurs since the DRX Short Cycle Timer would not expire. And as in Figure 1(d), first the DRX Short Cycle Timer is stopped by successfully decoding of PDCCH for retransmission, no DRX Inactivity Timer is started, and a later received “go-to-sleep” command would not stop UE monitoring PDCCH because UE is waiting for DL retransmission with DRX Retransmission Timer running. Similarly, there’s no way for the network and the UE to switch to long DRX cycle implicitly for such scenario. Without the PDCH indicating new transmission, and the expiration of the corresponding DRX Inactivity Timer, the UE would wake up more often and waste more power. This may not be the intention of introducing the “stop-before-expiration” features. So we believe methods to ensure the UE can switch back to long DRX cycle are needed. 
One simple way to solve this problem is to align the UE behaviours upon timer expiration and timer stop-before-expiration, as Figure 2 shows. For scenario (c), if the DRX Inactivity Timer is stopped before expiration by receiving a “go-to-sleep” command, the UE shall use the short DRX cycle (if configured) and start DRX Short Cycle Timer. And for scenario (d), it should be clarified in the specification that UE shall use the long DRX cycle if the DRX Short Cycle Timer is not running to avoid UE can’t return to long DRX cycle after long time of inactivity.
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Figure 2 Illustration of Short or DRX Cycle should be used
So we propose: 
Proposal 3: The UE shall use the short DRX cycle (if configured) and start DRX Short Cycle Timer if the DRX Inactivity Timer is stopped before expiration. 
Proposal 4: The UE shall use the long DRX cycle if the DRX Short Cycle Timer is not running. 

3 Conclusion
In this contribution, some further consideration on current DRX mechanism is discussed and following proposals are proposed: 
Proposal 1: Start or restart the DRX Inactivity Timer while a new transmission occurs during the time UE is only performing reception while waiting for DL retransmission. 

Proposal 2: Further alignment regarding to the definition of active time between 36.300 and 36.321 are required. 

Proposal 3: The UE shall use the short DRX cycle (if configured) and start DRX Short Cycle Timer if the DRX Inactivity Timer is stopped before expiration. 

Proposal 4: The UE shall use the long DRX cycle if the DRX Short Cycle Timer is not running. 
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5 Text Proposal to TS 36.321
Beginning of Text Proposal – 36.321
5.7
Discontinuous Reception (DRX)

The UE may be configured [by RRC/MAC] with a DRX functionality that allows it to stop monitoring PDCCH during some period of time.

The DRX functionality consists of a Long DRX cycle, a DRX Inactivity Timer, a DRX Retransmission Timer and optionally a Short DRX Cycle and a DRX Short Cycle Timer all defined in subclause 3.1.

When a DRX cycle has been configured, the UE shall for each downlink subframe:

-
Whenever a new DRX Cycle begins (long or short) i.e. whenever [(SFN * 10) + subframe number] modulo (current DRX) = DRX Start Offset, the On Duration Timer is started.

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

-
UE shall start the DRX Retransmission Timer for the corresponding HARQ process.

-
If a DRX Command MAC control element is received:

-
stop the On Duration Timer if it is running;

-
stop the DRX Inactivity Timer if it is running.

NOTE: Once a timer is stopped, it cannot expire.

-
If the Contention Resolution Timer or On Duration Timer or DRX Inactivity Timer or any DRX Retransmission Timer is running; or:

-
an UL grant for a retransmission can occur; or

-
a Scheduling Request is pending as described in subclause 5.4.4; or

-
a PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE has not been received after successful reception of a Random Access Response is indicated (as described in subclause 5.1.4):

-
UE shall monitor the PDCCH;

-
if the PDCCH is successfully decoded:

-
stop the DRX Short Cycle Timer if configured,




-
If the PDCCH indicates a new transmission (DL or UL); and

-
this is the first received PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE since successful reception of a Random Access Response is indicated; or

-
a Scheduling Request is pending; or

-
the On Duration Timer is running; or

-
the DRX Inactivity Timer is running; or
-
any DRX Retransmission Timer is running:

-
start or restart the DRX Inactivity Timer.
-
if the PDCCH indicates a DL transmission:

-
start the HARQ RTT Timer for the corresponding HARQ process;

-
stop the DRX Retransmission Timer for the corresponding HARQ process.

-
If a DL assignment has been configured for this downlink subframe and no PDCCH indicating a DL transmission was successfully decoded:

-
start the HARQ RTT Timer for the corresponding HARQ process.

-
If the DRX Inactivity Timer expires or is stopped before expiration in this downlink subframe:

-
if the short DRX cycle is configured:

-
start DRX Short Cycle Timer;

-
use the short DRX cycle;

-
else use the long DRX cycle.

-
If DRX Short Cycle Timer is not running in this downlink subframe:

-
use the long DRX cycle.

Regardless of whether the UE is monitoring PDCCH or not the UE receives and transmits HARQ feedback when such is expected.

End of Text Proposal – 36.321
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