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1	Introduction
In Rel-16 NR, new study item (SI) on UE power saving has been agreed to be studied. The objective of the SI is to study UE power saving framework taking into account latency and performance as well as its impact to a network.  Some of the objectives of the study item are listed in the following [1]: 
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]

a) Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)

i) Network and/or UE assistance information
ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
In this contribution, the different aspects related to item b) are discussed.
2	Discussion on UE Power Saving Triggering Mechanisms 
In this section, different UE power saving triggering mechanism for LTE and Rel-15 NR are discussed. 
 
2.1 LTE based Mechanisms
2.1.1 UE Assistance Information procedure
Enhancements for Diverse Data Applications (EDDA) was studied in RAN2 in REL-11 [6]. Different kind of traffic and UE mobility scenarios were studied and conclusion was to incorporate a mechanism to indicate UE preference for power optimised configuration using Assistance information procedure. Assistance information procedure is specified LTE RRC specification 3GPP TS 36.331[7]. The purpose of this procedure is to inform E-UTRAN of the UE's power saving preference and SPS assistance information, maximum PDSCH/PUSCH bandwidth configuration preference, overheating assistance information, or the UE's delay budget report carrying desired increment/decrement in the Uu air interface delay or connected mode DRX cycle length and for BL UEs or UEs in CE of the RLM event ("early-out-of-sync" or "early-in-sync") and RLM information. 



Figure 1. UE Assistance Information
2.1.2 MTC and NB-IoT power saving enhancements
In Release 15, several enhancements to the LTE MTC and NB-IoT specifications were added to reduce UE Power consumption.  These enhancements included, relaxation of monitoring for cell reselection for stationary UEs, quick release of RRC connections after the last data transmission, reduced system acquisition time using additional transmissions of SIB1 and the option of a new resynchronization signal, the transmission of data early in the random-access procedure without the need to establish a full RRC connection and the introduction of a wake-up signal.  
The Release 15 wake-up signal enables UEs to save power when monitoring their paging control channel, by providing them with a wake-up signal sent ahead of their paging occasion.  This wake-up signal is only transmitted if a UE following that paging occasion is about to be paged.  If no UE following that paging occasion is to be paged, then no wake-up signal is transmitted. By careful design of the wake-up signal, power can be saved at the UE due to the power required to monitor the wake-up signal being lower than the power required to monitor the paging control channel.
For Release 16, the MTC/NB-IoT WUS is being further enhanced so that not all UEs associated with a PO are woken up when only a subset or one UE associated with that PO is being paged.


2.2 Rel-15 NR based Mechanisms
In both LTE and NR, support for UE Discontinuous reception (DRX) mode has been specified to reduce UE battery power consumption. Rel-15 NR TS 38.321 [2] provides a support for UE power saving functionality by specifying support for discontinuous reception (DRX) functionality for connected mode (C-DRX). Correspondingly DRX procedure for IDLE is given in [3].
The basic principle of C-DRX is shown in Figure 2. I.e. when there is no DL/UL transmission scheduled during in a certain time duration,  inactivity timer, UE enters into a DRX mode, and wakes up only periodically to monitor PDCCH. As discussed in [4], this provides baseline for implicit mechanism for adapting UE power consumption based on traffic activity. 
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[bookmark: _Ref525235404]Figure 2. An example of NR Rel-15 DRX functionality for UE in CONNECTED mode.

In addition to implicit UE power saving mechanism, Rel-15 NR TS 38.321 provides also support for explicit MAC control element (CE) to trigger UE to DRX. I.e. if network can anticipate that there is no further DL (or UL) activity required, it can enable the UE to fall to DRX earlier, and/or apply the long DRX cycle. When UE receives DRX MAC CE or long DRX MAC CE command, it enters either to short (if configured) or to long a DRX cycle. 
Observation 1: Rel-15 provides a support for explicit power saving trigger mechanism with MAC CE for DRX to enable power saving.

 

In our companion paper [4], further details of UE power saving aspects related to switching between different bandwidth part (BWP) configurations have been discussed. Similarly to C-DRX, BWP can be adapted/switched implicitly (i.e. based on bwp-InactivityTimer) or explicitly (via physical layer indication). To support UE power saving the default BWP may be configured for example with:
· a narrower bandwidth compared to other BWP(s) used for data transmission and reception (frequency domain)
· scheduling offset between PDCCH carrying DCI and scheduled PDSCH K0 > 0 to allow micro-sleep (time domain)
· configuration of CORESET(s) and associated search space set(s) with less required blind decodes (less candidates per PDCCH occasion and PDCCH occasions with lower periodicity)

Thus, the physical layer indication can be considered as explicit triggering mechanism to enable UE power saving, while the achievable power saving would of course be dependent on the applied configurations.
Observation 2: Rel-15 provides a support for explicit power saving trigger mechanism via physical layer indication to switch BWP to enable power saving, with proper BWP configuration.   
In our companion paper [4], activation/deactivation of SCells is considered as one mechanism to adapt the UE characteristics to the prevailing traffic conditions. Similar to BWP activation/deactivation, the (RRC) configured Scell can be activated or deactivated explicitly by MAC-CE. Configured SCell can also be deactivated based on CellDeactivationTimer expiry. Former mechanism can be seen as explicit UE power saving triggering mechanism in frequency domain whereas latter one as implicit triggering mechanisms following the realized data activity on the given Scell. 
Observation 3: Rel-15 provides a support for explicit UE power saving trigger mechanisms by MAC CE for SCell deactivation.
As a summary, Rel-15 NR provides support for several mechanisms to trigger UE power saving in RRC CONNECTED.   
Like discussed in Section 2.1.1, in LTE UE provide the network with assistance information where it can indicate e.g. it’s power preference. Basis of this information network can for example provide UE e.g. with proper C-DRX configuration, change/add BWP configuration or select other used parameters or release the UE to IDLE. The delays related to RRC configurations have not yet been agreed in RAN2 for NR. In LTE, delay for applying new RRC configuration is 15 TTIs. Hence depending on the agreed delays, RRC based (re-)configuration may be an option for UE power saving triggering, but it naturally is slower than what can be achieved via MAC CE or physical layer configuration (with pre-configured information). Also RRC configuration is naturally associated with larger overhead if done frequently.
Observation 4: Re-configuration of RRC parameters can be used to adjust UE power saving, but associated delays and overhead don’t make it very dynamic.   


2.3 Potential Rel-16 NR based Mechanisms
As discussed in previous section, Rel-15 NR provides a support for wide range of different UE power saving triggering mechanisms that enable UE to obtain power saving in time, frequency and PDCCH monitoring in terms of search space reduction. Therefore, potential Rel-16 based UE power saving mechanisms need to have a strong technical merit to be qualified as candidate mechanisms for Rel-16 UE power efficiency WI. 
As discussed in Section 2.1.2, the Rel-15 NB-IoT supports Wake-up signal in IDLE mode, indicating whether UEs should expect paging in a certain paging occasion. To further enhance UE power saving in Rel-16, wake-up trigger mechanism has been discussed to reduce the need for PDCCH monitoring [1]. Figure 3 shows an example of wake-up signal mechanisms for connected mode UE. As can be seen, power saving signal is used as a trigger to indicated for UE whether it needs to monitor PDCCH for DL/UL scheduling grant or not. As a result of this, power saving signal mechanism can reduce a need for PDCCH monitoring resulting in lower UE power consumption in C-DRX. For IDLE mode operation in NR, it is good to note that gNB maybe required to send the paging to different directions, and therefore introducing an separate sweep on top of the paging, might not be desirable due to the overhead. 
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Figure 3. An example of power saving signal mechanism for Connected mode DRX.


Observation 5: Power saving signal mechanism could be evaluated to reduce the need for PDCCH monitoring during C-DRX onDuration. For IDLE mode purposes, the overhead impact due to beam based operation should be considered.
In Section 2.2 the REL-15 based triggering mechanism for adaptation were discussed, and as raised in [4], there are delays in interruptions associated in these. For example if the BWP of the UE is adapted e.g. before the UE falls to DRX or if it is adapted based on timer during the DRX. If network would identify a need to schedule the UE on the following onDuration, with large amount of data in buffer, network would need to order the UE to switch the BWP or activate the SCell, at the start of the onDuration, or be restricted to use fewer resources for a longer time. If the amount of data to be delivered would be large enough, the active time could be extended resulting larger overall power consumption. In practise, due to the latencies, network might not configure very aggressive parameters for the fallback BWP to ensure system capacity.
Observation 6: Triggering based mechanisms could be used to adapt the UE configuration prior the onDuration.

As discussed in [4], UE antenna panel activation/de-activation aspects related to UE power saving have been more in detail discussed. Due to ever increasing number of antenna elements and panels at UE side, spatial domain UE power saving mechanisms will play more crucial role in Rel-16 and beyond systems. In [4], it was observed that it would be beneficial to include UE panel awareness as part of different beam management procedures. Therefore, different triggering mechanisms for UE antenna panel activation needs to be considered. 
Observation 7:  Due to ever increasing number of antenna elements and panels at UE side, spatial domain UE power saving mechanisms could be considered.
Proposal 1: Consider to different power saving signal mechanisms to reduce PDCCH monitoring during C-DRX onDuration. 
 
Proposal 2: For IDLE mode operation, consider overhead impact due to beam based operation on FR2. 

Proposal 3: Consider triggering mechanisms enabling UE to adapt its configuration prior to onDuration.

Proposal 4: Consider different triggering mechanisms associated with UE antenna panel activation/de-activation for UE power saving purposes.
3	Conclusions
In this contribution, different triggering mechanisms for UE power saving have been considered. Based on the discussion, the following observations and proposals have been made:

Observation 1: Rel-15 provides a support for explicit power saving trigger mechanism with MAC CE for DRX to enable power saving.
Observation 2: Rel-15 provides a support for explicit power saving trigger mechanism via physical layer indication to switch BWP to enable power saving, with proper BWP configuration.   
Observation 3: Rel-15 provides a support for explicit UE power saving trigger mechanisms by MAC CE for SCell deactivation.
Observation 4: Re-configuration of RRC parameters can be used to adjust UE power saving, but associated delays and overhead don’t make it very dynamic.   
Observation 5: Power saving signal mechanism could be evaluated to reduce the need for PDCCH monitoring during C-DRX onDuration. For IDLE mode purposes, the overhead impact due to beam based operation should be considered.
Observation 6: Triggering based mechanisms could be used to adapt the UE configuration prior the onDuration.
Observation 7: Due to ever increasing number of antenna elements and panels at UE side, spatial domain UE power saving mechanisms could be considered.

Proposal 1: Consider to different power saving signal mechanisms to reduce PDCCH monitoring during C-DRX onDuration. 
 
Proposal 2: For IDLE mode operation, consider overhead impact due to beam based operation on FR2. 

Proposal 3: Consider triggering mechanisms enabling UE to adapt its configuration prior to onDuration.

Proposal 4: Consider different triggering mechanisms associated with UE antenna panel activation/de-activation for UE power saving purposes.
 References 
[1] [bookmark: _Ref525733817]RP-181463, “Study on UE Power Saving in NR”, CATT, CMCC, VIVO, Qualcomm, MediaTek.
[2] [bookmark: _Ref525733806]TS 38.321, “Medium Access Protocol (MAC) Specification”, v.15.2, 3GPP.
[3] [bookmark: _Ref525733992]TS 38.304, “User Equipment (UE) procedures in Idle mode and RRC Inactive state”, v.15.2, 3GPP.
[4] [bookmark: _Ref525734282]R1-1811479 “On UE Adaptation to Traffic”, Nokia, Nokia Shanghai Bell Labs.
[5] [bookmark: _Ref525745434]R1-1811481, “On Power Consumption Reduction in RRM Measurements”, Nokia, Nokia Shanghai Bell Labs.  
[6] TR 36.822, “LTE Radio Access Network (RAN) enhancements for diverse data applications”, v.11.0.0, 3GPP.
[7] TS 36.331, “Radio Resource Control (RRC) Protocol specification”, v.15.2.2, 3GPP.

image2.emf
DRX cycle: short

OFF

ON

OFF ON

ON ON

DRX cycle: long

OFF OFF

PDCCH

DRX Inactivity timer


image3.emf
 

symbol

Timing offset

Power saving 

signal

PDCCH

DMRS

PDSCH

Signal indicates whether UE needs to monitor 

PDCCH for DL/UL scheduling grant  or not. 


image1.emf
 

UEAssistanceInform ation  

UE   EUTRAN  

RRC   c onnection   r e configuration  


oleObject1.bin


UE







EUTRAN











































UEAssistanceInformation



























RRC connection reconfiguration












