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1
Introduction

UE DRX/eNB DTX operation within RRC_CONNECTED (hereon just referred to as DRX/DTX operation) is an important issue for UE power saving and efficient resource utilization in LTE. This document discusses the control principles of this RRC_CONNECTED DRX/DTX operation.

2
Discussion
Based on the requirements for DRX/DTX operation discussed in [1], we propose the following control principle for RRC_CONNECTED DRX/DTX operation.
2.1 Radio bearer dependent DRX/DTX operation
The DRX/DTX period and related parameters should be configured on a per radio bearer basis since the optimum DRX/DTX period depends on service type as discussed in [1]. Figure 1 shows an example of DRX operation with multiple radio bearers. DRX period for best effort radio bearer increases as the traffic inactivity continues. On the other hand, DRX period for VoIP RTP radio bearer is configured to be constant so as to receive DL-SCH periodically (i.e. persistent scheduling). The UE receiver can be turned off only when all radio bearers are in sleep period. The calculation when the UE may turn the receiver off can be conducted either by the UE or by the eNB (and sending the resulting reception pattern to the UE). Even though DRX period is configured on a per radio bearer basis, resource allocation can be done for any radio bearers when the UE receiver is turned on. On the other hand, it is also necessary to consider the simplification of operating pattern in the multiple radio bearer scenarios in order to avoid increasing the UE complexity. For instance, DRX period of each radio bearer can be configured to be a multiple of the minimum DRX period configured among the multiple radio bearers. In addition, it can be considered that the receiving timings of all radio bearers are aligned. Though, Figure 1 illustrates the DRX period of the signalling radio bearer to be fixed during the connection, it can be possible to extend DRX period of the signaling radio bearer when traffic activity levels of all traffic radio bearers are low in order to achieve maximum battery saving effect.
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Fig.1 Example of DRX operation with multiple RBs
Traffic activity level of the radio bearers can be classified into two classes in general as analyzed in [1]. One is a radio bearer type where the dynamic range of the traffic activity level is large. The other one is a radio bearer type where the dynamic range of traffic activity level is constant or not so large during the connection.
Therefore the following two types of DRX/DTX control should be considered according to the respective radio bearer type.

-
Flexible DRX control according to traffic activity level
-
Fixed DRX control during the session

Overview of the proposed DRX/DTX period control is discussed in the next section.
2.1.1 Flexible DRX/DTX control

We summarize the features of the flexible DRX/DTX control as follows:
Control principle
-
DRX period (including continuous reception, i.e. we assume continuous reception as DRX period = 0) can be changed during a session according to the traffic activity

-
DRX period can be made longer as traffic inactivity continues
-
Go back to minimum DRX period (could be continuous reception) when traffic resumes on the radio bearer
-
Configuration of DRX/DTX parameters at radio bearer setup by RRC (e.g. DRX period related parameters, timers for triggering DRX period change)
Control signalling
We think that there are the following two possibilities:
-
DRX period control by means of pre-defined rule
-
DRX period control by means of explicit signalling using MAC control PDU
Associated UE Rx/Tx during DRX/DTX operation
-
UE receives DL L1/L2 control channel at DRX instances
-
UE transmission period of UL pilot and CQI should be altered when the DRX period changes
Operation example

Fig. 2 to 4 shows examples of the flexible DRX control. Purple box shows when UE receives DL L1/L2 control channel.
1) Extension of DRX period (Fig.2)

-
Timer is started after, for example, sending/receiving HARQ ack of last data.

-
If the timer expires, DRX/DTX operation is initiated (either autonomously or with explicit MAC control PDU signaling).

-
DRX/DTX period can be further increased with continued traffic inactivity.
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Fig.2: DRX operation (Extension of DRX period)
2) Reduction of DRX period (assuming resume by downlink transmission) (Fig.3)
-
When a new data packet arrives at eNB during the DRX period, resource allocation and transmission for that data can be performed at the UE DRX instance.
-
Upon receiving resource allocation, UE starts receiving the L1/L2 control channel with the configured minimum DRX period (could be continuous reception).
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Fig.3: DRX operation (Reduction of DRX period by downlink data arrival)

3) Reduction of DRX period (assuming resume by uplink transmission) (Fig.4)
-
When a UE MAC receives new data to transmit during DRX/DTX period, it transmits a scheduling request immediately over RACH or a dedicated scheduling request channel.
-
After receiving scheduling grant from the network, UE sends data packet over the allocated resource.
-
The UE starts receiving the L1/L2 control channel with the configured minimum DRX period (could be continuous reception) after transmitting scheduling request.
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Fig. 4: DRX operation (Reduction of DRX period by uplink data arrival)
2.1.2 Fixed DRX/DTX control

We summarize the features of the fixed DTX/DRX control as follows:
Control principle

-
Fixed DRX/DTX period throughout the RB connection regardless of traffic activity (e.g. for VoIP RTP RB)
-
Configuration of DRX/DTX parameters (i.e. DRX period and timing) at radio bearer setup by RRC

Control signalling
-
Only RRC signalling at radio bearer setup
Associated UE Rx/Tx during DRX/DTX operation

-
UE receives DL L1/L2 control channel at DRX instances

3
Proposal

We propose to discuss the issue and to share a common view within the RAN2 working group.
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