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1. Introduction

The current version of TS 36.300 [1] states, that if DRX is configured a UE can only send a periodic CQI report during the “on-duration” period. This is disadvantageous in regard to possible retransmissions the eNB needs to schedule to an UE during it’s “active-time” period. We propose to allow sending CQI reports during “active-time” period instead of “on-duration” period only.

2. Discussion 
The current text in section 12 of TS 36.300 [1] allows only for periodic CQI reports sent during “on-duration” as depicted by the green arrows in Figure 1. 
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Figure 1 - current situation of sending periodic CQI reports during DRX
Further CQI reports with a continued periodicity (as indicated by the crossed out black arrows in Figure 1) are not allowed. This leads to the problem that eNB’s CQI information of a UE waiting for a retransmission is outdated and eNB cannot efficiently schedule the retransmission because it lacks sufficient information of the UE’s reception conditions.

To keep CQI information up to date during the whole active-time of a UE, we propose to extend the allowed time for periodic CQI reports from “on-duration” period to active-time as shown by the green arrows in Figure 2.
Furthermore, we would like to point out that this proposal does not affect the way aperiodic CQI reports are sent. Unlike periodic CQI reports, which are sent on PUCCH, aperiodc CQI reports can only be send on PUSCH when the UE has an uplink grant and eNB explicitly requests an aperiodic report via PDCCH.

Figure 2 - proposed scheme for periodic CQI reports during active period

3. Conclusion
In order to provide the eNB with adequate CQI information for UEs awaiting retransmissions during their active time we propose to allow the UE to send  CQI reports during the whole active time of a DRX cycle. A text proposal for TS 36.300 is attached.
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DRX in RRC_CONNECTED

In order to enable reasonable UE battery consumption, DRX in E-UTRAN is characterised by the following:

-
Per UE mechanism (as opposed to per radio bearer);

-
No RRC or MAC substate to distinguish between different levels of DRX;

-
Available DRX values are controlled by the network and start from non-DRX up to x seconds. Value x may be as long as the paging DRX used in ECM-IDLE;

-
Measurement requirement and reporting criteria can differ according to the length of the DRX interval i.e. long DRX intervals may experience more relaxed requirements;

-
The UE may omit measurements of neighbouring cells when the DRX interval is above a threshold and if the radio quality of the serving cell is above another threshold. To configure this behaviour in the UE, the two thresholds may be indicated by the eNB;

-
Irrespective of DRX, UE may use first available RACH opportunity to send an UL measurement report;

-
Immediately after sending a measurement report, the UE may change its DRX. This mechanism would be pre-configured by the eNB;

-
HARQ operation related to data transmission is independent of DRX operation and the UE wakes up to read the PDCCH for possible retransmissions and/or ACK/NAK signalling regardless of DRX In the downlink, a timer is used to limit the time the UE stays awake awaiting for a retransmission;
-
When DRX is configured, the UE may be further configured with an "on-duration" during which time the UE monitors the L1/L2 control channels for possible allocations;

-
When DRX is configured, CQI reports can be sent by the UE during the “active-time” only;

-
A timer in the UE is used to detect need for obtaining timing advance.

The following definitions apply to DRX in E-UTRAN:

-
on-duration: duration in TTIs that the UE waits for, after waking up from DRX, to receive PDCCHs. If the UE successfully decodes a PDCCH, the UE stays awake and starts the inactivity timer;

-
inactivity-timer: duration in TTIs (during wake time) that the UE waits to successfully decode a PDCCH, from the last successful decoding of a PDCCH, failing which it re-enters DRX. The UE shall restart the inactivity timer following a single successful decoding of a PDCCH for a first transmission only (i.e. not for retransmissions).

-
active-time: total duration that the UE is awake. This 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. Based on the above the minimum active time is of length equal to on-duration, and the maximum is undefined (infinite);

Of the above parameters the on-duration and inactivity-timer are of fixed lengths, while the active-time is of varying lengths based on scheduling decision and UE decoding success. Only on-duration and inactivity-timer duration are signalled to the UE by the eNB:

-
There is only one DRX configuration applied in the UE at any time;

-
UE shall apply an on-duration on wake-up from DRX sleep;

NOTE:
this is also applicable for the case where the UE has only one service (e.g. Real Time) that is being handled through the allocation of predefined resources; this allows for other signalling such as RRC to be sent during the remaining portion of the active time.

-
New transmissions can only take place during the active-time (so that when the UE is waiting for one retransmission only, it does not have to be “awake” during the RTT).

-
If PDCCH has not been successfully decoded during the on-duration, the UE shall follow the DRX configuration (i.e the UE can enter DRX sleep if allowed by the DRX configuration):

-
This applies also for the sub-frames where the UE has been allocated predefined resources.

-
If it successfully decodes a PDCCH for a first transmission, the UE shall stay awake and start the inactivity timer (even if a PDCCH is successfully decoded in the sub-frames where the UE has also been allocated predefined resouces):
-
Until a MAC header/control message tells the UE to re-enter DRX, with a cycle explicitely indicated in the MAC payload; or

-
The UE autonomously re-enters DRX with a predefined cycle at expiry of the inactivity timer. The predefined DRX cycle may be shorter than the initial one. And if it is, a longer period of inactivity will bring the UE back to the initial DRX cycle directly.
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