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1. Introduction

During the last RAN2 meeting, some DRX related topics were discussed in detail. Timer definitions including On Duration Timer, DRX Inactivity Timer and HARQ Retransmission Timer have been clarified to only contain downlink subframes, which is suitable for both FDD and TDD. In this document, based on the current DRX progress, we discuss some remaining issues in TDD. Although we see the difference between FDD and TDD, we are trying to find solutions applicable to both modes.

2. Discussion

2.1 Considering on DwPTS

It has been clarified that On Duration Timer, DRX Inactivity Timer and HARQ Retransmission Timer only run during downlink subframes. The main purpose of the three timers is to inform UE how long it should stay awake to detect and decode PDCCH. However we notice that in TDD frame structure, as shown in Figure1, three special fields are defined, namely DwPTS, GP and UpPTS. It has been suggested that DwPTS, as a special downlink timeslot, can also carry PDCCHs[2]. Therefore, we think besides the regular downlink subframes, the above timer definitions should also consider DwPTS for TDD. Here we have the following proposal:

Proposal 1: For TDD, when defining On Duration Timer, DRX Inactivity Timer and HARQ Retransmission Timer, subframe(s) in which DwPTS located should be included.
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Figure 1: Frame structure type 2
2.2 DRX cycle start point

The basic DRX operation is included in [1], in which DRX cycle and On Duration Timer are defined as:

DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity.

On Duration Timer: Specifies the number of consecutive downlink subframe(s) during which the UE shall monitor the PDCCH for possible allocations. The On Duration Timer is a part of a DRX Cycle.
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Figure1: DRX cycle

According to the above definitions, DRX cycle should always start with On Duration. At RAN2#61, Nokia [3] provided a method to decide the start point of the DRX cycle using the following equation:

[(SFN * 10) + subframe number] modulo (current DRX) = DRX Start Offset
With this constraint, eNB and UE can have synchronized DRX timing. Another benefit is that scheduling load balance between different subfames can be achieved by evenly distributing the DRX start point of the users. 

However in TDD, due to the existence of uplink subframes, the above formula can not assure that the beginning of a DRX cycle is a downlink subframe. This is incompatible with the current DRX cycle definition. Since DRX cycle always start with On Duration and On Duration Timer only covers downlink subframes. Therefore, to make the formula applicable to both FDD and TDD, we propose it can be revised as:

[(SFN * 10) + downlink subframe number] modulo (current DRX) = DRX Start Offset
By using this formula, only downlink subframe is considered when determining the DRX cycle start point, which is consistent with the current DRX cycle definition. For FDD, the value of DRX Start Offset is consecutive, but for TDD it is discrete and only refers to DL subframe number. Another restriction to make the above formula work well is that the DRX cycle should be multiple of 10ms (length of a radio frame) for both long cycle and short cycle, otherwise we can not guarantee that the DRX cycle in TDD always starts from a downlink subframe. To configure DRX cycle multiple of 10 ms may also decrease the processing complexity since UE can work at the radio frame level.

Proposal2: DRX long/short cycle should be multiple of 10ms.

Proposal3: Use the following formula to determine the start point of the DRX cycle:

 [(SFN * 10) + downlink subframe number] modulo (current DRX) = DRX Start Offset 

3. Proposal

For DRX in TDD, we have the following proposals:

Proposal 1: For TDD, when defining On Duration Timer, DRX Inactivity Timer and HARQ Retransmission Timer, subframe(s) in which DwPTS located should be included.
Proposal2: DRX cycle should be multiple of 10ms.

Proposal3: Use the following formula to determine to the start point of the DRX cycle:

 [(SFN * 10) + downlink subframe number] modulo (current DRX) = DRX Start Offset 
A text proposal is also provided at following.

-------------------------------------------------1st text proposal-------------------------------------------------

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [x] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [x].

Active Time: time that the UE is awake. When DRX is configured by higher layer, this includes the On Duration, the time UE is continuously monitoring the PDCCH while the DRX Inactivity Timer has not expired and the time UE is continuously monitoring the PDCCH while any DRX Retransmission Timer is running.

Contention Resolution Timer: Specifies the number of consecutive [downlink subframe(s)] during which the UE shall monitor the PDCCH after the uplink message containing the C-RNTI MAC control element is transmitted.
DRX Cycle: Specifies the periodic repetition of the On Duration followed by a possible period of inactivity (see figure 3.1-1 below). The value of DRX Cycle should be multiple of 10 ms.

[image: image3.emf]UE shall monitor 

PDCCH

OnDuration

DRX Cycle

Opportunity for DRX


Figure 3.1-1: DRX Cycle

DRX Inactivity Timer: Specifies 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.

DRX Retransmission Timer: Specifies the maximum number of consecutive downlink subframe(s) the UE shall monitor the PDCCH for as soon as a DL retransmission is expected by the UE.

DRX Short Cycle Timer: This parameter specifies the number of consecutive subframe(s) the UE shall follow the short DRX cycle after the DRX Inactivity Timer has expired.

HARQ RTT Timer: This parameter specifies the minimum amount of subframe(s) before a DL HARQ retransmission is expected by the UE. 

On Duration Timer: Specifies the number of consecutive downlink subframe(s) during which the UE shall monitor the PDCCH for possible allocations. The On Duration Timer is a part of a DRX Cycle.

RA-RNTI: The Random Access RNTI is used on the [PDCCH] when Random Access Response messages are transmitted. It unambiguously identifies which time-frequency resource was utilized by the UE to transmit the Random Access preamble.
Note: For TDD, when defining On Duration Timer, DRX Inactivity Timer and HARQ Retransmission Timer, subframe(s) in which DwPTS located should be included.
----------------------------------------------end of 1st text proposal--------------------------------------------

-------------------------------------------------2nd text proposal-------------------------------------------------

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) + downlink 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;

-
stop the DRX Inactivity Timer.

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

----------------------------------------------end of 2nd text proposal--------------------------------------------
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