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1 Introduction
Active Time is now defined as “time during which the UE monitors the PDCCH for a PDCCH-subframe” and when UE should monitor PDCCH is specified in subclause 5.7 [1]. In this contribution, we further discuss the details of DRX Active Time to better align the DRX procedure with early agreements on Random Access procedure. 
2 Discussion
2.1 Monitoring PDCCH before receiving Message 2
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Figure 1 RA procedure initiated by PDCCH order
According to current Random Access procedure, “once the Random Access Preamble is transmitted, the UE shall monitor the PDCCH in the TTI window [RA_WINDOW_BEGIN—RA_WINDOW_END] for Random Access Response(s)”. But current DRX procedure doesn’t specify any special behaviour about what the UE should do when the UE receives a PDCCH order which will initiate a RA procedure, neither does it specify any special behaviour about what the UE should do after the dedicated preamble transmission according to the indication in the PDCCH order. Only when the RA procedure is initiated due to the triggering of an SR, the TTI window would be considered as Active Time since “a Scheduling Request is pending”, but it does not cover the case of Random Access triggered by PDCCH order. If UE is in DRX, it would monitor PDCCH for RA response after its transmission of preamble for the DL data resuming case, which would cause asynchronous between eNB and UE, hence UE may lose the RA response. 
As figure 1 (a) shows, if the RA procedure is initiated by PDCCH order approaching the the end of the On Duration/Active Time, after the processing time for the PDCCH [2] and waiting until the next available PRACH resource for dedicated preamble transmission, UE has already entered DRX when it is supposed to monitor PDCCH for RA response within the TTI window as figure 1 (b) shows, and the RA response for the UE is lost, or the eNB can not schedule the RA response for the UE because the eNB has sync with the UE about when the UE will monitor PDCCH, the RA procedure will be delayed. To make the DRX procedure align with RA procedure, we propose to include the duration when UE should monitor PDCCH within the TTI window for msg2 as Active Time to cover all cases of RA procedure. 
Proposal 1: Active Time should include the TTI window when UE should monitor PDCCH before successful reception of a RA Response. 
Furthermore, if the subframes UE shall monitor PDCCH within the TTI window for msg2 is considered as Active Time separately as proposal 1, we propose to reword “a Scheduling Request is pending” as “an UL grant for the UE has not been received after SR in PUCCH has been sent” to make the procedure clearer by excluding the case of the triggered SR initiates a RA procedure in order to avoid unnecessary power consumption. Because a triggered SR is considered pending until UL-SCH resources are granted for a new transmission, but such condition will cover some subframes UE needs not monitor PDCCH during the time when it’s applying back off or when it’s waiting for next available PRACH resource for next RA attempt if RA procedure is initiated when there’s no PUCCH is configured for the UE to send SR, as figure 2 shows. 
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Figure 2 Problem on monitoring PDCCH when SR is pending
Figure 2 (a) shows the UE behaviour according to current specification before RA response received: the SR is considered pending so that the UE will keep monitoring PDCCH, but in fact after the TTI window, UE would take some time decoding the PDCCH for the last TTI of the window and decided no response is received [3], if back off indicated is included in the msg2, it will apply the back off parameter and after back off it will wait for next available PRACH resource for preamble re-attempt. And 2 ms after preamble transmission [3], it will start the TTI window. During the time covered by SR is pending, there’s a long time UE needs not monitor PDCCH. The desired behaviour is illustrated in figure 2 (b). 
Proposal 2: Reword the Active Time description regarding to “a Scheduling Request is pending” as “an UL grant for the UE has not been received after SR in PUCCH has been sent” to exclude the case of the triggered SR initiates a RA procedure. 
2.2 Monitoring PDCCH after receiving Message 2:

After successful reception of RA response, for non-contention based RA procedure, the UE will keep waiting for PDCCH addressing to its C-RNTI [4]. While for contention based RA procedure, the UE will transmit first UL transmission according to the UL grant indicated in the RA response and keep waiting for Contention Resolution. If the UE finds itself failed the contention resolution either because of the expiration of Contention Resolution Timer or because of the contention resolution message contains Contention Resolution Identity for other UE, it will start another round of RA attempt by sending RA preamble. For the case of the Contention Resolution Timer expires because the UE does not receive any PDCCH addressed to its C-RNTI/T-CRNTI, there would be some time during which UE is applying back off or waiting for next available PRACH resource when UE needs not to monitor PDCCH, but current DRX mechanism doesn’t correctly catch it. 
According to current MAC specification, when either “Contention Resolution Timer is running” 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”, UE will keep on monitoring PDCCH. It’s OK for the non-contention based Random Access as figure 3 (a) shows. But for contention based Random Access, as illustrated in figure 3 (b), when no PDCCH addressed to the C-RNTI or Temporary C-RNTI of the UE was received during the Contention Resolution Timer lifetime (possibly because of unsuccessfully transmission of msg3), the UE will keep monitoring PDCCH for msg4 even though the Contention Resolution Timer already expired and the UE has begun another round of RA preamble transmission when UE will firstly apply back off if indicated in msg2 and wait for next available PRACH resource, leading to unnecessary UE power consumption, which is defeating the purpose of DRX. 
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Figure 3 Monitor PDCCH after receiving Message 2
The handling of Contention Resolution Timer could take care of the PDCCH monitoring after successful reception of a Random Access Response in case of contention based Random Access procedure. However, there’s no Contention Resolution Timer for non-contention Random Access procedure. We think the time during which UE should keep awake until PDCCH addressed to the C-RNTI of the UE is received for non-contention based Random Access should be rephrased to exclude the contention based case in order to avoid unnecessary PDCCH monitoring. 
Proposal 3: Active Time regarding to non-contention based Random Access could be rephrased as the subframes when a PDCCH addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for its dedicated preamble. 
3 Conclusion
In this contribution, some further consideration on current DRX mechanism details is discussed and following proposals are proposed: 
Proposal 1: Active Time should include the TTI window when UE should monitor PDCCH before successful reception of a Random Access Response. 
Proposal 2: Reword the Active Time description regarding to “a Scheduling Request is pending” as “a PDCCH addressed to C-RNTI of the UE has not been received after SR in PUCCH has been sent”. 
Proposal 3: Active Time regarding to non-contention based Random Access could be rephrased as the subframes when a PDCCH addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for its dedicated preamble. 
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5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to not continuously monitor the PDCCH. 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 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 is running; or

-
a PDCCH addressed to C-RNTI of the UE has not been received after SR in PUCCH has been sent; or 
-
an uplink grant for a retransmission can occur; or
-
within the TTI window before successful reception of a Random Access Response (as described in subclause 5.1.4); or
-
a PDCCH indicating a new transmission addressed to the C-RNTI of the UE has not been received after successful reception of a Random Access Response for its dedicated preamble (as described in subclause 5.1.4).

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

-
start the On Duration Timer when  [(SFN * 10) + subframe number] modulo (current DRX Cycle) = DRX Start Offset; 

-
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.

-
if a DRX Command MAC control element is received:

-
stop the On Duration Timer;

-
stop the DRX Inactivity Timer.

-
if the DRX Inactivity Timer expires or a DRX Command MAC control element is received in this subframe:

-
if the short DRX cycle is configured:


-
start the DRX Short Cycle Timer and use the Short DRX Cycle.

-
else:

-
use the Long DRX cycle.

-
if the DRX Short Cycle Timer expires in this subframe:

-
use the long DRX cycle.

-
during the Active Time, for a PDCCH-subframe except if the subframe is required for uplink transmission for half-duplex FDD UE operation:

-
monitor the PDCCH;

-
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 the PDCCH indicates a new transmission (DL or UL):


-
start or restart the DRX Inactivity Timer.

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

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

-
when not in active time, CQI and SRS shall not be reported.

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