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1. Introduction

In [1] Panasonic has identified a problem when DRX active time is dynamically extended by PDCCH reception initiating the inactivity timer.
Enabling and/or disabling CQI reporting needs to take into account delay resulting from PDCCH processing. It is not possible to effect CQI reporting X frames before end of active time. It was therefore proposed to allow UE CQI reporting X frames beyond active time expiration [1].
The same problem exists for enabling/disabling PDCCH reception. It is also not possible to set the inactivity timer and effect PDCCH reception X frames before the end of active time.
2. Discussion


CQI reporting:

Active time is defined as the time during which the UE monitors the PDCCH while the On Duration Timer or the DRX Inactivity Timer or a DRX Retransmission Timer or the Contention Resolution Timer is running. It would be preferable to keep current definition of CQI reporting within active time as currently specified [2]. Clearly sending of CQI (and SRS) outside of the active time is an unnecessary use of resources and serves no purpose.

Inactivity Timer Active Time Extension:

Similar to CQI reporting as discussed in [1], we also need take into account PDCCH processing time (X) for setting of the inactivity timer and how the period of PDCCH reception within the active time is extended. PDCCH reception and setting of the inactivity timer also can not be effected until X frames after the PDCCH is received.
When a PDCCH is received X frames in advance of active time expiration how will the UE remain active, receiving PDCCH, between the last frame of the previous active time expiration and X frames after the PDCCH was received?
There appears to be two choices for setting of the inactivity timer and dynamically extending active time when PDCCH is received X frames before active time expiration:

· If PDCCH is received X frames before the end of active time the inactivity timer is set and active time is resumed X frames after the reception of PDCCH.
· CQI reporting and PDCCH reception may remain as currently specified to be enabled only during active time (while inactivity timer is running).

· The definition of active time can remain as currently specified. The period of PDCCH reception (and while inactivity timer is running).

· Active time will not be continuous. Results in DRX gaps within (actually between) the active time(s).
· Only allow setting the inactivity timer upon PDCCH reception and dynamically extending the active time if PDCCH is received X frames before the end of the active time.

· CQI reporting and PDCCH reception may remain as currently specified to be enabled only during active time (while inactivity timer is running).
· The definition of active time can remain as currently specified. The period of PDCCH reception (while inactivity timer is running).
· What happens if PDCCH is received during the last X frames of the active time?

· Allow PDCCH to effect SCH transmission and reception X frames after the end of the active time, or

· Consider it a network error? Ignore the PDCCH.
· Then we may also consider stopping CQI/SRS X frames before active time expiration.

DRX Retransmission Timer Active Time extension:

Similarly to the inactivity timer the DRX retransmission timer may also dynamically extend the active time. If the HARQ RTT Timer expires and the data in the soft buffer of the corresponding HARQ process was not successfully decoded the DRX Retransmission Timer for the corresponding HARQ process is started [2]. It should be possible to effect PDCCH reception and CQI reporting upon HARQ RTT expiration, and processing time to verify data in the soft buffer for the corresponding HARQ process was successfully decoded or not should be sufficient. Therefore no additional functionality seams necessary for this case.
Contention Resolution Timer Active Time Extension:

The contention resolution timer also does not appear to have difficulties in processing time that would effect extension dynamic extension of the active time. When the UE initiates the contention based RACH procedure it should be possible to extend and apply the Contention Resolution Timer extension to the active time before the active time expiration. Therefore no additional functionality seams necessary for this case.
3. Proposal
It is proposed to discuss and decide on a solution which addresses CQI reporting, PDCCH reception and setting of the inactivity timer. There are at least the following two alternatives that would allow CQI reporting and PDCCH reception to remain as currently specified (i.e. enabled only during active time and while inactivity timer is running), and allow the definition of active time to remain as currently specified (i.e. the period of PDCCH reception and while inactivity timer is running).
Alternative A: If PDCCH is received X frames before the end of active time the inactivity timer is set and active time is resumed X frames after the reception of PDCCH.

Alternative B: Only allow setting the inactivity timer upon PDCCH reception and dynamically extending the active time if PDCCH is received X frames before the end of the active time.
4. Potential CR’s to correct CQI reporting and PDCCH reception during Active Time
One way to correct the related specification text in [2] for each of the identified alternatives is identified below.
4.1 Potential CR to 36.321 for alternative A:

- - - Start of proposed correction - - - 
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to monitor the PDCCH discontinuously. DRX operation is based on a Long DRX cycle, a DRX Inactivity Timer, a HARQ RTT 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 (as described in subclause 5.1.5) is running; or

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

-
an uplink grant for a pending HARQ retransmission can occur; or

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

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; 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.

-
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 or restart the DRX Short Cycle Timer;

-
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 and except if the subframe is part of a configured measurement gap:

-
monitor the PDCCH;
-
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;

-
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 [X] sub-frames after PDCCH reception.

-
when not in active time, CQI/SRS/PMI/RI 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.


- - - End of proposed correction - - - 

4.2 Potential CR to 36.321 for alternative B:

- - - Start of proposed correction - - - 
5.7
Discontinuous Reception (DRX)

The UE may be configured by RRC with a DRX functionality that allows it to monitor the PDCCH discontinuously. DRX operation is based on a Long DRX cycle, a DRX Inactivity Timer, a HARQ RTT 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 (as described in subclause 5.1.5) is running; or

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

-
an uplink grant for a pending HARQ retransmission can occur; or

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

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; 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.

-
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 or restart the DRX Short Cycle Timer;

-
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 and except if the subframe is part of a configured measurement gap:

-
monitor the PDCCH;
-
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;

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

-
if the PDCCH is received [X] sub-frames before Active Time expiration and indicates a new transmission (DL or UL):

-
start or restart the DRX Inactivity Timer.

-
when not in active time, CQI/SRS/PMI/RI 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.


- - - End of proposed correction - - - 
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