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1.
Introduction

At RAN#71 a study on New Radio (NR) access technology was approved [1] with discussions in RAN WG’s kicking off at the last meeting cycle. At RAN2#93bis meeting, we had presented some considerations for DRX and DTX in NR [2]. We follow up the discussion here and present some observations in lieu of discussions at the last meeting.

2.
Discontinuous Reception (DRX)
Figure 1 shows typical Connected Mode DRX (C-DRX) operation in E-UTRAN. The UE wakes up once every DRX cycle to monitor the downlink during its ON duration. If it successfully decodes a PDCCH for a first transmission, the UE stays awake to receive on the downlink. Following any new data/signalling reception, the UE (re-)starts an inactivity timer. The UE re-enters DRX operation if the inactivity timer expires of if a MAC Control Element (CE) indicating “DRX” is received. In both cases, the DRX cycle that the UE follows after re-entering DRX is given by the following rules:-

· If a short DRX cycle is configured; the UE first follows the short DRX cycle and after a longer period of inactivity the UE follows the long DRX cycle;

· Else the UE follows the long DRX cycle directly
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Figure 1: C-DRX operation in E-UTRAN

It is commonly acknowledged that Connected Mode DRX is not as power efficient as IDLE Mode DRX (I-DRX). Below we discuss a few related aspects:-

1. The UE is expected to be able to receive data payload during and immediately following the ON duration. This consumes more power than page monitoring during paging occasion in IDLE mode where the UE is not expected to receive data immediately following the paging occasion.

2. Typical setting for LTE C-DRX ON duration is observed to be much larger compared to 1ms paging occasion in IDLE mode. As a result the UE has to stay awake longer in C-DRX even if there is no data scheduled for the UE.
3. Typical setting for LTE C-DRX inactivity timer is observed to be of the order of 100ms from field data. With client to application server RTT’s typically less than 100ms and multiple simultaneous connections supported by most applications, such a setting does not fully exploit the bursty nature of traffic as the device will very likely receive data before the 100ms of inactivity timer expires. As a consequence, the device would stay awake for almost the entirety of its data transaction.
Thus, we have the following observations:-

Observation 1: A C-DRX scheme which requires the UE to be able to receive data immediately following its C-DRX ON duration is not as power efficient for the UE as monitoring the paging occasion in I-DRX
Observation 2: Longer C-DRX ON duration compared to I-DRX paging occasion would result in higher device power consumption

Observation 3: A long inactivity timer value does not allow the device to sleep in between data transactions and exploit the bursty nature of most applications
While DRX operation helps improve the UE’s battery life, its uplink (UL) equivalent i.e. DTX can be used to provide network energy savings. This becomes especially relevant in the context of small cells where uplink reception impacts network power consumption more relative to downlink transmissions due to lower DL transmit power limits. Another important scenario for UL power consumption is mesh deployments where the UL is being received by a relay UE. We discuss the concept of DTX further in the next section.
3.
Discontinuous Transmission (DTX)

Taking E-UTRAN as reference, UE transmission opportunities in Connected Mode are controlled by means of Scheduling Request (SR) configuration which is provided by the RRC layer. When uplink data arrives in the UE’s buffer, its requests a UL grant by first transmitting an SR. The SR configuration includes a SRperiodicity parameter which controls how frequently the UE can send an SR. Once an uplink grant is assigned, the UE can include a Buffer Status Report (BSR) MAC CE along with data, which indicates the total amount of data outstanding in its buffer. The eNB scheduler would then ensure that sufficient grant is provided to empty the UE’s buffer. Figure 2 depicts typical operation under such a scheme.




Figure 2: DTX operation in E-UTRAN

Let’s take webpage download as an example keeping the above behavior in mind. A typical page download makes use of multiple HTTP request/response transactions, where the browser sends a request for an object and waits for the response before generating further data. Setting SRperiodicity to a large value would introduce significant delays for the page download to complete. On the flip side, setting SRperiodicity to a small value is not efficient from network power savings perspective, since it has to be awake listening for SR frequently even if the device may not be in an active data session.

Observation 4: During active data exchange, it is advisable to allow frequent SR/transmission opportunities to avoid large latencies for end-user applications
Observation 5: When there is no active data session, less frequent SR/transmission opportunities could improve network power savings

Even though the above observations are listed w.r.t. SR/transmission opportunities and it is not clear whether we would have these as such in NR, the principles can be extended to any DTX scheme in general.
4.
Interaction between DRX and DTX

Given that it is expected to have some form of DTX and DRX in NR, it is worthwhile to think of the interaction between the two operations. For example:-

· Should the UE start receiving on the DL after transmitting on the UL? It makes sense to do so to ensure fast turnaround/feedback for delay sensitive bidirectional service (e.g. L2 ACK) but may be inefficient for unidirectional services from a device battery perspective.

· Should the UE continue to follow the UL SR periodicity if it received data on the DL? For delay sensitive bidirectional service, such a behavior could introduce large delays. 

Observation 6: The interaction between DRX and DTX should take into account service characteristics e.g. delay sensitive vs. delay tolerant, unidirectional vs. bi-directional etc.
5.
Summary
In this contribution, we have discussed some considerations for DRX and DTX and the interaction between the two operations. The following observations were made:-
Observation 1: A C-DRX scheme which requires the UE to be able to receive data immediately following its C-DRX ON duration is not as power efficient for the UE as monitoring the paging occasion in I-DRX
Observation 2: Longer C-DRX ON duration compared to I-DRX paging occasion would result in higher device power consumption

Observation 3: A long inactivity timer value does not allow the device to sleep in between data transactions and exploit the bursty nature of most applications

Observation 4: During active data exchange, it is advisable to allow frequent SR/transmission opportunities to avoid large latencies for end-user applications

Observation 5: When there is no active data session, less frequent SR/transmission opportunities could improve network power savings

Observation 6: The interaction between DRX and DTX should take into account service characteristics e.g. delay sensitive vs. delay tolerant, unidirectional vs. bi-directional etc.
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