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1. Introduction

As an efficient energy-saving method, DRX is adopted in LTE. At last RAN2 meeting, uplink transmission during DRX was discussed widely. Many companies gave their proposals. In this contribution, we would like to discuss some TDD specific problems when treating the uplink transmission during DRX. A text proposal is provided at the end.

2. Discussion
Regarding the uplink transmission during DRX, periodic CQI report and SRS transmission were both discussed at the last meeting. However, it is still not decided when to send CQI report and SRS, namely during the ‘on-duration’ or ‘active time’. We have no strong opinion with the two schemes. However, no matter which choice is agreed, we would like to point out one TDD special issue. According to the current definition, ‘on duration’ and ‘active time’ only include downlink subframes, namely the time UE is continuously monitoring the PDCCH.  In TDD, downlink and uplink subframe can not exist at the same time span. So strictly speaking, UE can not send CQI or SRS using the uplink subframes, since either ‘on duration’ or ‘active time’ does not include any uplink subframe. This is shown in Figure 1. 
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Figure 1: Uplink transmission during DRX with current definition

To resolve this problem while keeping consistency with the current definition as much as possible, we think two solutions can be considered:

S1: Allow the CQI/SRS transmission occurring only in the uplink subframes in-between the downlink subframes belonging to ‘on duration’ (or ‘active time’), as shown in Figure2.
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Figure2:  Uplink transmission during DRX (Solution 1)

S2: UE can send CQI and SRS using uplink subframes located in the radio frames which cover the ‘on duration’ or ’active time’. This solution is shown in Figure3 and Figure4, and the UL/DL allocation is assumed as 2:2. Figure3 presents the case in which on duration is 4 and located in only one radio frame. Figure4 presents the case in which on duration is 5 and crosses two adjacent radio frames.
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Figure3:  Uplink transmission during DRX (Solution 2-1)
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Figure4:  Uplink transmission during DRX (Solution 2-2)

With the first solution, it is possible that ‘on duration’ only cover consecutive downlink subframes and there is still no available uplink subframe. One may argue that we can allocate a longer ‘on duration’. But until now, the typical value of ‘on duration’ is still not discussed. So we do not think this solution can resolve the problem perfectly. 

As for the second solution, at least one uplink subframe is available for the uplink transmission. Another advantage is that CQI report may be sent just before ‘on duration’ which can provide a better reference to the scheduler. So the second solution is our preference. 

Proposal: For TDD, when DRX is configured, periodic CQI reports and SRS can only be sent by the UE during the radio frame(s) covering “on duration (or active timer)”.

3. Proposal

We propose the following text should be captured in 36.300.

-------------------------------------------------text proposal-------------------------------------------------

12
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 timer during which time the UE monitors the L1/L2 control channels for possible allocations;

-
When DRX is configured, for FDD, periodic CQI reports can only be sent by the UE during the “on-duration”; for TDD, periodic CQI reports can only be sent by the UE during the radio frame(s) covering “on-duration”;
-
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 downlink subframes 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 downlink subframes (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 resources) until a MAC control message tells the UE to re-enter DRX, or until the inactivity timer expires. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:

-
If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity the UE follows the long DRX cycle;

-
Else the UE follows the long DRX cycle directly.
----------------------------------------------end of text proposal--------------------------------------------
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