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1
Introduction
Several agreements regarding RRC_CONNECTED DRX operation has been made in RAN WG2, and they are captured in the Stage 2 TS [1]. However, some aspects for the RRC_CONNECTED DRX operation are still open. Some of these open issues are addressed in this contribution.

2
Discussion

2.1 Relation between DL HARQ retransmissions and DRX

Currently, the E-UTRA Stage 2 TS states the following:

-
HARQ operation related to UL data transmission is independent of DRX operation. Whether HARQ operation of DL data is independent of DRX operation is FFS;
In order to keep the protocol simple, it is proposed to specify that DL HARQ retransmissions can only take place during one of the two timings: (1) when UE is performing continuous reception or (2) at on-durations configured by RRC when UE is performing DRX. I.e. it is proposed not to “extend” the on-duration as such for DL HARQ retransmissions.

Proposal 1: MAC does not dynamically extend the on-duration of a DRX cycle to receive DL HARQ retransmissions. DL HARQ retransmissions should only take place when UE is performing continuous reception or within the on-duration configured by RRC when UE is performing DRX.
2.2 RRC_CONNECTED DRX operation for RT services

Currently, RRC_CONNECTED DRX operation for NRT services has been agreed as follows (copied from the E-UTRA Stage 2 TS):

For NRT services, during the "on-duration", if the UE cannot find an allocation, it reenters DRX (hereafter referred to as initial DRX). However, if the L1/L2 control signalling signals an allocation to the UE, the UE enters non-DRX mode:

-
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 after not receiving any allocation for a given duration. 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 or by successive steps (FFS).
Although the above operation has been agreed only for NRT services, specification will be made simple if the same operation can also be applied for RT services. Below, we illustrate how DRX during VoIP may be handled with the agreed DRX operation for NRT services.

For the DRX operation agreed for NRT services, the following parameters exist: (1) DRX cycle, (2) on-duration and (3) inactivity timer (the trigger for re-entering DRX from continuous reception).

In order to tune these parameters for VoIP, the following parameter settings are considered:

1) DRX cycle = 20 subframes

2) on-duration = 1 subframe
3) inactivity timer = 1 subframe
The resulting DRX operation with the above parameters and VoIP traffic is illustrated in Figure 1.
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Figure 1 – NRT DRX operation with parameters tuned to VoIP traffic
In Figure 1, initial HARQ transmission of a voice packet is performed using resources allocated by persistent scheduling, i.e. there is no L1/L2 control signalling, and hence the UE does not start continuous reception even though it receives the voice packet. On the other hand, HARQ retransmission of a voice packet is performed using resources allocated dynamically with the use of a L1/L2 control signalling, and therefore the UE starts continuous reception when it receives HARQ retransmissions during the on-duration. However, the UE quickly re-enters DRX since the inactivity timer is set to a very short value (1 subframe). With this observation, it is concluded that the RRC_CONNECTED DRX operation agreed for NRT services provides efficient DRX operation when only VoIP traffic exists.
Then it would be interesting to see if the RRC_CONNECTED DRX operation agreed for NRT services is capable in providing an efficient DRX operation when both NRT traffic and VoIP traffic exist. The DRX operation in this case with the parameters tuned for VoIP as above is illustrated in Figure 2.
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In Figure 2, only NRT packets are shown for simplicity (one can imagine a silent period of the VoIP traffic). In the figure, NRT traffic arrives while the UE is performing DRX with the DRX cycle tuned to VoIP (i.e. 20ms), and eNB schedules the NRT traffic for transmission at the next available on-duration. Then, the UE starts continuous reception until the inactivity timer expires, i.e. until it does not detect a L1/L2 control signalling for 1 subframe (the value of the inactivity timer tuned for VoIP), in which case the UE re-enters DRX. For the eNB scheduler, this means that it can schedule the NRT traffic to the particular UE if it continuously allocates dynamic resources with the use of L1/L2 control signalling, but once the eNB scheduler decides not to schedule the NRT traffic to the UE, it would have to wait till the next on-duration. This behaviour can potentially lead to reduced NRT traffic throughput.

In order to avoid the above behaviour, it can be considered to increase the inactivity timer value. However, this will degrade the battery savings that can be obtained during the time only voice packets are present. If dynamic scheduling  is used to handle voice packets (i.e. L1/L2 control signalling used to assign resources for every transmission), then the UE starts continuous reception at every transmission of voice packets, and the increased inactivity timer will be costly in terms of battery savings. On the other hand, if persistent scheduling is used to handle voice packets (i.e. L1/L2 control signnalling used to assign resources only for HARQ retransmissions), then the UE starts continuous reception at every HARQ retransmission of voice packets, and the increased inactivity timer could still be costly in terms of battery savings.

Then, targetting on the case persistent scheduling is used to handle voice packets, the following can be considered. Although it is currently agreed that “For NRT services, during the “on-duration” … if the L1/L2 control signalling signals an allocation to the UE, the UE enters non-DRX mode”, to make an exception for the case the L1/L2 control signalling is related to persistent scheduling (allocating resources for HARQ retransmissions and possibly initial HARQ transmissions). With such an approach, since an UE performing DRX only starts continuous reception when dynamic scheduling is used, the inactivity timer can be set to a longer value.

Proposal 2: Adopt the RRC_CONNECTED DRX operation agreed for NRT services also for RT services (e.g. VoIP).

Proposal 3: When an UE performing DRX detects allocation of resources by L1/L2 control signalling during the on-duration, it should only start continuous reception if the L1/L2 control signalling is for dynamic scheduling. I.e. the UE should stay in DRX if the L1/L2 control signalling is for persistent scheduling (for HARQ retransmissions and possibly initial HARQ transmissions).

3
Conclusion
Some open issues regarding RRC_CONNECTED DRX operation in LTE were addressed and the following are proposed:

Proposal 1: MAC does not dynamically extend the on-duration of a DRX cycle to receive DL HARQ retransmissions. DL HARQ retransmissions should only take place when UE is performing continuous reception or within the on-duration configured by RRC when UE is performing DRX.
Proposal 2: Adopt the RRC_CONNECTED DRX operation agreed for NRT services also for RT services (e.g. VoIP).

Proposal 3: When an UE performing DRX detects allocation of resources by L1/L2 control signalling during the on-duration, it should only start continuous reception if the L1/L2 control signalling is for dynamic scheduling. I.e. the UE should stay in DRX if the L1/L2 control signalling is for persistent scheduling (for HARQ retransmissions and possibly initial HARQ transmissions).

References
[1] TS36.300 v8.1.0, “E-UTRA and E-UTRAN; Overall description; Stage 2 (2007-06)”


































































_1248717915.vsd
�

�

テキスト ボックスの高さとそのボックスに付いている線が、テキストの入力に従って増減します。ボックスの幅を変更するには、横側のハンドルをドラッグします。�

UE on (on duration within DRX)


UE on (continuous reception)


UE does not detect any L1/L2 control channel and there for continues DRX�

UE detects L1/L2 control channel and there for starts continuous reception�

UE does not detect any L1/L2 control channel for inactivity timer period and there for re-enters DRX�

time


UE on


UE off


DRX cycle = 20ms


on-duration = 1ms


Allocation by persistent resource


Allocation by L1/L2 control channel


Voice packets



_1248717911.vsd
�

�

テキスト�

�

time


UE on


UE off


DRX cycle = 20ms


on-duration = 1ms


UE on (on duration within DRX)


UE on (continuous reception)


Allocation by persistent resource


Allocation by L1/L2 control channel


NRT packets


�

�

�

�

�


