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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. Our initial thoughts regarding this issue have been expressed in an earlier contribution [1]. This document proposes a more specific proposal concerning the control principles for the RRC_CONNECTED DRX/DTX operation in LTE.

2
Discussion
2.1 Use cases of RRC_CONNECTED DRX/DTX
There are 2 distinct use cases of RRC_CONNECTED DRX/DTX. The first use case is to allow UE to perform DRX when traffic for certain Radio Bearers become inactive and the second use case is to allow UE to perform DRX while traffic for certain Radio Bearers are active.

The first use case targets Radio Bearers carrying traffic of bursty nature. Sources for such traffic could be FTP, Web browsing, RRC/NAS control signalling, etc. The bursty nature of traffic for these sources often owes it to the reading time of the end user (e.g. for FTP and Web browsing) or the on demand nature of the source (e.g. for RRC/NAS control signalling). For Radio Bearers carrying traffic of such sources, it is desirable to allocate shared channel resources continuously if possible when traffic is active, and to allow UEs to perform DRX using a fairly long DRX interval when traffic is inactive.

The second use case targets Radio Bearers carrying traffic characterized by periodic packet arrival timings. A source for such traffic could be VoIP. For Radio Bearers carrying traffic of such sources, it would basically suffice to allocate shared channel resources at this periodic timing, and it could be beneficial to allow UEs to perform DRX in alignment to this periodic packet arrival timing.
In order to efficiently handle both of these use cases of RRC_CONNECTED DRX/DTX for LTE, we propose the following control principles described in the following sub-section.
2.2 Control principles for RRC_CONNECTED DRX/DTX

Control at Radio Bearer setup

eNB classifies the Radio Bearers it serves into 2 types. Type 1 and Type 2 corresponds to the Radio Bearers targeted for the first use case and the second use case described in the previous sub-section, respectively. At Radio Bearer setup, the eNB indicates to the UE whether the Radio Bearer being established is of Type 1 or Type 2.
Configuration of a minimum DRX interval
The eNB configures the UE with a minimum DRX interval at least when the first Radio Bearer for the UE is being established, and the UE initially obeys this minimum DRX interval. If needed, this minimum DRX interval can be altered at any time while the UE is in RRC_CONNECTED state via RRC signalling. Here, it is noted that this minimum DRX interval can be configured to indicate continuous reception (i.e. non DRX).
Increasing the DRX interval

When the eNB wishes to increase the DRX interval for a particular UE from the minimum DRX interval, it can signal the DRX interval to be used by the UE via MAC control PDU. When the UE receives this MAC control PDU, it obeys the longer DRX interval.

For example, when only Radio Bearers of Type 1 have been established, and the eNB detects traffic inactivity for all of these Radio Bearers over a certain time period, the eNB can indicate a longer DRX interval (e.g. few tens or few hundreds of msecs) to be used by the UE.

As another example, when a Radio Bearer of Type 2 have been established, and the eNB detects traffic inactivity for all the Radio Bearers of Type 1 over a certain time period, the eNB can indicate a DRX interval that is aligned to the periodic packet arrival timing of the Radio Bearer of Type 2 (e.g. 10 or 20ms for VoIP).
If the eNB wishes to further increase the DRX interval (i.e. from the DRX interval which is already longer than the minimum DRX interval), there are two possible solutions. The straightforward solution is for the eNB to send another MAC control PDU to the UE. A less overhead consuming solution would be to specify an UE behaviour in which the UE autonomously increases the DRX period according to a predefined function when traffic inactivity continues (e.g. doubling the DRX interval when no DL assignments are detected and UL traffic doesn’t become available for a certain time).

Decreasing the DRX interval

When traffic for Radio Bearers of Type 1 becomes active, it is desirable to bring the UE back into obeying the minimum DRX interval. In this case, assignment of the DL-SCH or the need to transmit in the UL themselves can be used as a trigger to bring the UE back into obeying the minimum DRX interval (i.e. without the use of MAC control PDU). However, if the UE is obeying a DRX interval aligned to the periodic packet arrival timing of a Radio Bearer of Type 2, then the DL assignment or UL transmission related to this Radio Bearer should not bring the UE into obeying the minimum DRX interval. For example, when a 20ms DRX interval has been configured for when VoIP is active, it does not make sense to bring the UE into continuous reception due to the reception or transmission of VoIP packets. Considering this, we propose the following control principle.
The UE returns in obeying the minimum DRX interval only when it receives a DL MAC PDU containing data from Radio Bearers of Type 1. Similarly, the UE returns in obeying the minimum DRX interval only when it transmits a UL MAC PDU containing data from Radio Bearers of Type 1 or when it transmits a scheduling request in order to transmit data from Radio Bearers of Type 1. DL reception and UL transmission related to transferring data only from Radio Bearers of Type 2 will not affect the DRX interval that the UE have been obeying.
3
Proposal

We propose to adopt the DRX control principles discussed in this contribution as a basis for the RRC_CONNECTED DRX/DTX operation in LTE.
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