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1. Introduction 

The study on UE power saving for NR [1] considers methods to reduce power consumption in the CONNECTED state. Some techniques to consider are captured in [2], based on agreements in RAN1#95 Spokane [3].

This document analyses and provides evaluation results for some of the power saving schemes that were agreed for further study in RAN1#95 Spokane and discussed in RAN1 1901AH in Tapei.
The RAN2 group has not yet spent any time on this study, but we will start at this meeting upcoming meeting.
In this document we will elaborate on the connected mode DRX operation.
2. Dynamic DRX in Connected Mode

In connected mode, the UE needs to monitor the control channel prior to uplink or downlink data transmissions. This operation may comprise configuring connected mode DRX (C-DRX) parameters, including DRX cycles and inactivity timer values. These parameters are, however, configured at RRC level, which compared to the quick scheduling opportunities within NR (layer1) that are of the order of milliseconds, are much slower. Further, RRC configured parameters may typically be configured at connection setup, but it can also be reconfigured over time. Anyway, the RRC configurations are a rather slow process. 

As a result, the UE monitoring of control channels may not be tailored towards its current traffic pattern and buffer state, resulting in a large amount of time spent by the UE waiting for potential data unnecessarily. In practice this means that the UE may spend too much time and energy in the “on duration times” during connected mode DRX and during the inactivity timer.

Observation 1 – Static or semi-static configurations of both C-DRX cycles and inactivity timer values can result in high power consumption. 

In RAN1#95, it was agreed to study power saving scheme with UE adaptation to the DRX operation, including dynamic DRX configuration in which parameters could be dynamically adapted to the traffic arrival. We consider the objective of introducing dynamic DRX configuration is to reduce the UE “idle” PDCCH monitoring, particularly when there is no traffic between the UE and network. 

To facilitate a UE performing dynamic DRX operation, we propose a layer one based dynamic signaling mechanism where the configuration of the inactivity timer and DRX cycles in connected mode can be easily and quickly adapted based on the traffic for the UE or network conditions.

Proposal 1 – Support physical layer (L1) based dynamic signaling to adapt C-DRX configuration in response to traffic. 
The enhanced configuration of the inactivity timer and DRX can be provided by additional parameters in the control signal and/or a new type of control signal. The gNB transmits a new power saving command either immediately after the data transmission is finished or after scheduling a (uplink or downlink) data transmission. This control signaling basically indicates when and how the UE should enter its power saving state (off state).

There are a set of DRX configuration parameter as part of RRC configuration message, for example DRX Cycle, onDuration-Timer, drx-InactivityTimer, drx-RetransmissionTimer, drxShortCycleTimer, longDRX-CycleStartOffset, and drxStartOffset. Updating those parameters via control channel may not be feasible as the payload size may be tremendously large. We consider the power saving command represents a subset of the above parameters. For example, providing new values of inactivity timer, DRX cycle.
Proposal 2 – The power saving command represents a subset of parameters (e.g. inactivity timer, DRX cycle) of the RRC configured DRX configuration.
In Figure 3, we illustrate the comparison of the existing (legacy) solution with our proposed solution. In this Figure 3, t1 and t2 are ”off” and “on” time periods. The time periods t1 and t2, i.e. the duty-cycle, as well as the time period where the UE listens based on this duty-cycle configuration are indicated in the power saving command. As can be seen, with the proposed functionality the DRX cycle can be dynamically configured based on the traffic type. Through this, the unnecessary energy cost of PDCCH channel monitoring can be reduced. The control of the monitoring can be done per UE by the base station, and the network can tailor a monitoring configuration based on the current UE traffic pattern. This gives a significantly more tailored UE receiver activity period depending on each UE traffic pattern compared to the legacy RRC based signaling, and therefore the idle-channel monitoring part can be reduced, or even removed completely.
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Figure 3 – Control of DRX parameters
Below we provide examples to describe and evaluate the above power saving scheme and show benefits of using layer one signaling to dynamically change the DRX parameter settings. For the evaluation we assume an FTP-3 type traffic where DRX-On, DRX-cycle, and inactivity timer are configured to 8msec, 160msec, 100msec to receive packets with packet arrival interval of 200msec. Depending on scheduler and buffer status, the UE does not necessarily need to operate based on this configuration statically or before a change can be done via an RRC reconfiguration signaling. With a certain probability, dependent on the packet arrival interval and sleep period, there may exist packets in the buffer. After delivering the packets by gNB during the on duration, the gNB sends a go-to-sleep signal to indicate no more packet is available and the UE can go to sleep. If there is no packet in the buffer, we assume the UE listens and react based on the configuration it has for the on duration and inactivity timer, which can be set based on latest layer one signalling. Through this assumption, up to ~20% energy saving can be achieved.

We repeat the above evaluation procedure for instant messaging, modeled by FTP-3 with packet arrival interval of 2sec and DRX configuration of 320msec DRX cycle, 200msec inactivity timer, and 10msec on duration. In this scenario, our simulation shows that the amount of energy saving can be up to ~55% [4]. 

Observation 2: Depending on the UE traffic condition, based on our analytical calculation adaptive DRX operation can provide up to 55% of power saving gain.

Proposal 3: TR 38.840 captures the above observation and a power saving scheme by supporting physical layer (L1) based dynamic signaling to adapt C-DRX configuration (e.g. the inactivity timer and DRX cycles) in response to UE traffic.

3. Conclusion and Summary of Proposals

This document has considered the following power saving adaptations for NR.

· Constraints on scheduling during DRX_ON

· Reduced PDCCH monitoring when inactivity timer is running
The document then makes the following observations and proposals:

List of observations and proposals.
Observation 1 – Static or semi-static configurations of both C-DRX cycles and inactivity timer values can result in high power consumption. 

Proposal 1 – Support physical layer (L1) based dynamic signaling to adapt C-DRX configuration in response to traffic. 
Proposal 2 – The power saving command represents a subset of parameters (e.g. inactivity timer, DRX cycle) of the RRC configured DRX configuration.
Observation 2: Depending on the UE traffic condition, based on our analytical calculation adaptive DRX operation can provide up to 55% of power saving gain.

Proposal 3: TR 38.840 captures the above observation and a power saving scheme by supporting physical layer (L1) based dynamic signaling to adapt C-DRX configuration (e.g. the inactivity timer and DRX cycles) in response to UE traffic.
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