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1. Introduction

During the discussions in RAN1#94bis meeting, several agreements on the triggering adaptation of UE power consumption characteristics have been made as below [1]:
Agreements:

· Study further the following for Triggering adaptation of UE power consumption characteristics  

· Existing signal/channel based approach

· Signals based on PDCCH channel

· Signals based on RS

· MAC signalling

· RRC signalling

· New power saving signal/channel

· Performance metrics based on the agreements in the evalution methodology

Agreements: Study further:

· Triggering for UE time domain processing adaptation

· Trigger UE adaptation to DRX operation

· UE DRX PDCCH monitoring and efficient UE wakeup 

· Constraint on scheduling DCI during DRX ON

· Performing CSI measurement/feedbacks and RRM measurements

· Reducing power consumption during DRX ON

· e.g., go-to-sleep signalling to assist UE to the sleep state 

· Triggering dynamic adaptation among multiple DRX configurations

· Trigger UE adaptation in reducing PDCCH monitoring 

· Indication to change PDCCH monitoring behaviour, e.g., to monitor, to skip, to adapt to different PDCCH parameters

· Triggering for UE frequency domain processing adaptation

· Trigger for the adaptation of BWP

· State transition during BWP switching

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after switching to the new BWP 

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Trigger for the carrier adaptation in CA/DC 

· State transition in CA/DC activation/deactivation

· Pre-processing information, e.g., CSI measurement/feedback, before switching/activation for gNB to use after carrier activation

· Adaptation among different cells with different power consumption charateristics

· Bundle adaptation among different cells

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Triggering UE processing adaptation

· Trigger for adaptation in number of Tx/Rx antenna and/or maximum number of MIMO layers and/or number of antenna panels

· UE assistance approach for network configuration 

· UE initiates the request to the network

· Network trigger UE feedback for the adaptation

· Network instructed

· Trigger for adaptation in UE processing time

· UE assistance information, e.g., k0, k1, k2 value

· Network instructed

· Trigger for adaptation of UE processing e.g., in maximum modulation orders, TB sizes, HARQ operation

· Triggering in reducing PDCCH blind decoding

This contribution further discusses the triggering adaptation in different domain and the triggering signals for power saving. 
2. Discussion
The triggering of power saving mode in time, frequency, antenna domain and with relaxed timeline requirement are discussed in our companion contribution [2]. For UE adaptation in time domain, the waking up scheme for DRX and DRX configuration adaptation are main issues that has been discussed in last meeting. 
For waking up scheme, a WUS/go-to-sleep signaling should be designed for fine detection performance and low overhead. Sequence based signal or DCI based channel can be considered. The former has lower overhead and requires lower power consumption for reception. But the later has higher reliability and payload. In the waking up scheme for DRX, a simple “wake-up” or “go-to-sleep” indicator may be enough for the control of UE reception. In this case, sequence based signal is feasible with lower overhead and lower power consumption for reception. 
For DRX configuration adaptation, the UE can be pre-configured with a set of DRX configurations or different DRX parameters. The DRX configuration adaptation can be achieved autonomously or indicated by signaling. For dynamically DRX configuration adaptation, L1 signaling is preferred for explicit DRX configuration switching indicator. Sequence based or DCI based triggering can be studied further. 
For sequence based signal, a link level simulation is used to identify the missing detection performance. The simulation assumptions specified in Table A1.5-1 in TR38.802 are used. A TRS is used for evaluation with different number of slot and SCS and same bandwidth, e.g. 52 RBs with 15kHz SCS. The false alarm probability is assumed 1%. 
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Figure 1 Missing detection performance of TRS 
The results in figure 1 shows that with the simulation assumptions, TRS has good missing detection performance. Sequence based triggering signal can be used as waking up signal. 

Proposal 1: For waking up scheme in DRX, sequence based signal is used for UE’s waking up indication.
Proposal 2: Autonomous or L1 signaling based DRX configuration adaptation scheme are studied in RAN1. 
During DRX on period, UE performs PDCCH monitoring according to configured search space. PDCCH monitoring adaptation can further optimize UE’s power consumption by PDCCH monitoring. Similar to DRX configuration adaptation, for fast search space switching, L1 signaling such as power saving signal (if introduced), DCI or MAC CE could be used to adjust the PDCCH search space configuration. In addition, timer based PDCCH search space switching could also be considered.
Proposal 3: L1 signaling such as power saving signal (if introduced), DCI or MAC CE could be used for fast PDCCH search space switching. 
Proposal 4: Timer-controlled PDCCH search space switching could also be supported.

The waking up scheme for DRX can also be used for PDCCH monitoring, as proposed in [2]. The triggering signal can reuse waking up signal for DRX, or introduce a power saving signal for PDCCH monitoring adaptation. The compromise of the power saving gain and the system overhead should be considered.

Proposal 5: Waking up signal or power saving signal (if introduced) can be used for PDCCH monitoring triggering. 
For adaptation in frequency domain, fast carrier activation and deactivation and BWP adaptation are discussed in [2]. For carrier switching, dormancy carrier was proposed in the RAN1#94bis meeting. For dormancy carrier, the UE needs to only perform CSI measurement and reporting. In LTE euCA, only MAC CE based carrier state transition (active<->decative<->dormancy) is supported. In order to support flexible carrier state switching between active, deactive and dormancy carrier, we propose L1 signaling based switching. 
NR has already supported dynamic BWP switching based on DCI. For BWP adaptation, current DCI can be reused for the BWP switching for power saving.
Proposal 6: Support L1 signaling based carrier state switching among active, deactive and dormancy (if introduced).
For adaptation in antenna domain, it is proposed the RX antenna number adaptation for some operation such as RRM measurement/cell search can be based on UE’s implementation. If so, no triggering signal needs to be defined.
For power saving with relaxed processing timeline, in order to support adaptation in processing timeline, e.g., for support different services transmission latency requirements, the UE can be configured with different timeline parameters. Similar to DRX configuration adaptation, L1 signaling is preferred for processing timeline configuration adaptation.
Proposal 7: Support L1 signaling for processing timeline configuration adaptation. 
For the adaptation in the different domain, a power saving profile can be configured to include configurations in several domains. Fast transition among different profiles to adapt different traffic requirement is beneficial for power saving. We propose to support dynamic power saving profile switching with L1 signaling. 
Proposal 8: If a power saving profile is introduced, L1 signaling based profile switching is supported. 
The triggering signal for UE adaptation in time, frequency, antenna domain and with relaxed timeline are discussed above. In summary, L1 signaling is preferred for fast adaptation to the traffic. MAC and RRC signaling can be used for semi static configuration of power saving profile, or power saving related parameters in one or more domain. For the L1 signaling design, the following summarizes the possible alternatives.
· Existing signal/channel based approach
Less standard efforts are required if existing signals are reused as much as possible. There will also be less backward compatibility issues. There can be triggering signals based on RS, PDCCH, MAC and RRC signaling. 
For RS based signals, SS, CSI-RS, TRS, DMRS, etc. can be used as triggering signals. Triggering indicator should be carried in the reference signals, e.g. through sequence. And the RS carrying triggering signal can still be responsible for measurement or channel sounding. The overhead of triggering signal can be with a low level. However, the reference signal can only carry limited triggering information. 
For PDCCH based signals, new triggering information will be carried in existing or new DCI format. More triggering information can be carried by DCI. The UE power adaptation in time, frequency, processing time domain can be triggered by DCI. More reliability can be achieved with CRC scrambling. More flexible triggering mechanism can be supported by larger load in DCI. But the overhead of DCI is higher than RS based triggering signal. 
For the triggering of adaption in different domain, or in power saving profile, different signal may be needed. Both RS and DCI based triggering signals can be included in this stage. 

Proposal 9: Both RS based and DCI based triggering signals can be supported if existing signals are reused.
· New power saving signal/channel
As specified in eMTC and NB-Iot, new signals are designed as wake up signals for power saving. The sequence of new signals should be designed considering detection performance. AS shown in figure 1, performance of sequence based signal is good enough as a triggering signal. The time and frequency resource are also carefully considered for the new triggering signal. Backward compatibility should be taken into account. The time and frequency resource of new signal can reuse the locations of existing signals to alleviate the impacts on the legacy UEs. For example, the triggering signal in PDSCH region will be harmful to the PDSCH demodulation of Rel.15 UEs. 
Proposal 10: The time and frequency resource of the new triggering signals should be considered for minimum impacts on the performance of Rel.15 UEs. 
3. Conclusions
This contribution discusses the triggering adaptation to the traffic and the triggering signals for power saving. The followings are proposed. 

Proposal 1: For waking up scheme in DRX, sequence based signal is used for UE’s waking up indication.

Proposal 2: Autonomous or L1 signaling based DRX configuration adaptation scheme are studied in RAN1.
Proposal 3: L1 signaling such as power saving signal (if introduced), DCI or MAC CE could be used for fast PDCCH search space switching. 
Proposal 4: Timer-controlled PDCCH search space switching could also be supported.

Proposal 5: Waking up signal or power saving signal (if introduced) can be used for PDCCH monitoring triggering. 
Proposal 6: Support L1 signaling based carrier state switching among active, deactive and dormancy (if introduced).
Proposal 7: Support L1 signaling for processing timeline configuration adaptation. 
Proposal 8: If a power saving profile is introduced, L1 signaling based profile switching is supported. 
Proposal 9: Both RS based and DCI based triggering signals can be supported if existing signals are reused.

Proposal 10: The time and frequency resource of the new triggering signals should be considered for minimum impacts on the performance of Rel.15 UEs. 
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