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1.
Introduction

At RAN#71 a study on new radio access technology was approved [1]. As captured in the study item description, one of the objectives of the study is to gain an understanding on what is required on the radio interface to support different usage scenarios including enhanced mobile broadband (EMBB), massive machine-type-communications (MTC) and ultra-reliable and low latency communications (URLLC).
Common to all usage scenario, device battery life is one of the key facets any radio access technology should aim to optimize. For enhanced mobile broadband, end user experience is often influenced by the perceived battery life of the device. For machine-type-communications, expected battery life would no doubt govern the penetration of a new technology, especially for applications such as remote sensors which may not be readily physically accessible. For ultra-reliable low-latency communications, the trade-off between battery life and latency would be critical. Additionally, another paradigm for next generation technology is power consumption at the network side, for example in case of a relay device acting as a proxy for the network. Indeed, network power consumption and methods to reduce the same have gathered considerable interest of late.

Traditionally device/network power consumption has been split and analysed separately as IDLE Mode and Connected Mode behaviour and continues to be the basis of our discussion. Whilst we are yet to define what constitutes IDLE and Connected for next generation technology, in the most general terms, IDLE Mode can be thought of as a state where the device is dormant and Connected Mode as a state where the device is involved in an active data session.
In this contribution, we provide some considerations for Connected Mode power consumption. In particular, we discuss Discontinuous Reception (DRX) and Discontinuous Transmission (DTX) as key concepts to reduce power consumption in Connected Mode.
2.
Connected Mode DRX and DTX
A device in Connected Mode is typically actively exchanging data. However, many applications generate data in bursts which inherently creates periods of inactivity even in the midst of an active data session. With next generation technology supporting higher bandwidths and data rates over-the-air, the time needed to transmit/receive these data bursts can only be expected to decrease, consequently increasing the inter-burst inactivity duration.
Connected Mode DRX (C-DRX) is a technique wherein the device is not required to receive data and/or control signaling on the downlink (DL) continuously when in Connected Mode. Upon detecting inactivity, the device can turn off its receiver and only wake up periodically to monitor the DL till next data activity. The network, also aware of the device status, schedules data/control signaling only during those periodic wake up occasions. If the device is inactive for a sufficiently long (implementation dependent) duration, the network would eventually transition it to IDLE Mode. 
Similar to DRX on DL, one can think of DRX on Uplink (UL) for network power savings, where the network only wakes up periodically to monitor the UL. Equivalently, this behavior can be labelled Connected Mode Discontinuous Transmission (C-DTX) from a device perspective, wherein new uplink transmissions can only be initiated on certain occasions.
Requirement 1: Enable DRX operation in Connected Mode

Requirement 2: Enable DTX operation in Connected Mode

With Connected Mode DRX operation in place, battery consumption can be studied by investigating:-

1. How quickly can the device move into discontinuous reception i.e. inactivity detection? 

2. What is the power consumption upon wake up to monitor the DL?
Fundamental to answering the first question is the latency that the service can afford. Moving too quickly into discontinuous reception mode would increase latency in case data were to show up in the not too distant future. On the other hand, taking a long time to declare inactivity would hamper battery life as the device would have to monitor the downlink continuously for that duration. As an example, typical settings for C-DRX in LTE observed in the field are 200ms of inactivity on the DL leading to a 320ms periodic wake up cycle. With client to application server RTT’s typically less than 200ms and multiple simultaneous connections supported by most applications, such a setting does not really exploit the burst nature of traffic as the device will very likely receive data before the 200ms of inactivity timer expires. Similar considerations exists for DTX on the UL. Thus, we have the following requirements:-
Requirement 3: Enable device to receive discontinuously as default behaviour in Connected Mode in a manner that can meet the latency requirements of the service
Requirement 4: Enable network to receive discontinuously as default behaviour in Connected Mode in a manner that can meet the latency requirements of the service
Also critical to network power consumption is staggering of the wake up occasions of the devices it is serving. Assigning same/overlapping wake up occasions to devices can reduce the fixed overhead of reference signals and overall downlink activity factor thereby improving power savings. However, such a scheme runs the risk of overwhelming the downlink if data for multiple UE’s needs to be scheduled during the same wake up occasion.

Requirement 5: DRX schemes should enable network power savings by helping reduce the overall downlink activity factor and the need to transmit always-on overhead such as reference signals
With the system operating in both discontinuous reception and discontinuous transmission mode, a natural question arises on the interaction of these two features. In other words, do we allow for the possibility to be in continuous reception but discontinuous transmission and vice versa? The answer should depend on the service characteristics under consideration. For example, in case of UE receiving a packet on the DL for a unidirectional service, it would be desirable to leave the UL in DTX as the UE is not expected to transmit in response to receiving a packet. On the other hand, upon transmission of a packet on the UL for a bidirectional delay sensitive service, it would be desirable to start receiving continuously on the DL. In turn, the receiver of the packet would know if the sender is listening continuously based on the received packets service requirements and can send a response accordingly.
Requirement 6: The interaction between DRX and DTX should be dependent on the service characteristics
As stated in the study item objective, next generation system should be able to accommodate services with diverse requirements. In particular, some services may be delay tolerant whilst others may be delay sensitive. Some may be unidirectional whilst others may be bi-directional. With simultaneous services active on a device, it would make sense to have certain DTX/DRX parameters/configuration to be service specific and not just a single set of parameters which are device-specific. For example, behavior governing the interaction between DRX and DTX described above could be made service specific. In case of opposing requirements of simultaneously active services, harmonization rules could be defined to dictate the UE’s behavior.
Requirement 7: Certain DRX/DTX parameters configured for a UE should be service specific and not just device specific

3.
Summary and Proposal
In this contribution, we have discussed some of the requirements that should govern the design of Connected Mode DRX and DTX features. In particular, we have motivated the following:-
Requirement 1: Enable DRX operation in Connected Mode

Requirement 2: Enable DTX operation in Connected Mode
Requirement 3: Enable device to receive discontinuously as default behaviour in Connected Mode in a manner that can meet the latency requirements of the service
Requirement 4: Enable network to receive discontinuously as default behaviour in Connected Mode in a manner that can meet the latency requirements of the service
Requirement 5: DRX schemes should enable network power savings by helping reduce the overall downlink activity factor and the need to transmit always-on overhead such as reference signals

Requirement 6: The interaction between DRX and DTX should be dependent on the service characteristics
Requirement 7: Certain DRX/DTX parameters configured for a UE could be service specific and not just device specific
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