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Introduction
From RAN1 #94 bis meeting, mechanisms for UE power saving would be studied. The objectives of UE power saving study item are as follows:
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 po
b) wer 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
c) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
Considering the traffic, it is necessary to efficiently reduce the UE power consumption especially on PDCCH monitoring at UE side, and wake up/go-to-sleep mechanism could be used to adjust UE power consumption. To be specific, UE can wake up exactly when UE should communicate with gNB with a help of the wake-up signal. For further study and discussion, some features would be considered as wake up signal and it is necessary to analyse the pros and cons of these features for power consuming minimizing, in few overheads and resource usage perspectives.

Discussions 
Efficient wake up signaling
UE is turn out to be ready to monitor PDCCH when the MAC entity is in Active Time defined by DRX parameters/Timers and SR status. For instance, UE shall be ready to receive PDCCH at least at the beginning of every DRX cycle regardless of whether or not PDCCH is actually transmitted.  In this case, UE will keep monitoring PDCCH until drx-onDurationTimer expires, and if there is no PDCCH for that UE, UE  will go to sleep mode again until the beginning of the next DRX cycle. In this progress, if UE does not successfully decode any control information in the Active Time, it cause only UE’s power consumption. So far, these UE’s operations should be performed to minimize latency between packet arrival and the first scheduling of PDCCH/PDSCH, but there is a room to save UE power if UE knows there are actual data in Active Time. 
[bookmark: _GoBack]To indicate the exact operating timing to the UE, there should be an additional signal delivering the information that there is data to receive or transmit. This signal may reduce the UE’s power consuming but if it brings more power usage than the saved power, the reason for utilizing this signal becomes unjustifiable. And also, this signal would need to have the additional processing time. Some features such as PDCCH, Enhanced paging (PDSCH), DMRS of PDCCH and DMRS of SS/PBCH can be considered for this wake up signaling, and it needs to be analyzed the suitability as a wake up signal. The advantages and disadvantages of these features are followed.
· PDCCH
· Pros
· PDCCH has CRC which makes receiving performance robust and helps reducing the false alarm and miss detection. 
· The large payload size can be supported
· Cons
· PDCCH is decoded by polar coding and it may cause relatively large power consumption.
· If the PDCCH candidate is more than one, UE should operate blind decoding more than once. This also cause power consumption.
· Additional CORESET and search space configuration are necessary for this PDCCH-like wake up signal.
· DMRS of PDCCH 
· Pros
·  Since UE will transmit wake-up signal only if UE transmits PDCCH, there is no additional signaling overhead. 
· Cons
· The performance may not be promised according to the length of sequence from the false alarm and miss detection if blind detection on DM-RS is needed. 
· 
· PDSCH
· Pros
· PDSCH has CRC which makes receiving performance robust and helps reducing the false alarm and miss detection. 
· The large payload size can be supported. 
· Cons
· Decoding for polar coding of PDCCH and LDPC coding of PDSCH are needed and it may cause relatively large power consumption.
· Unless there is accompanied PDCCH, SPS-like PDSCH configuration is needed which may lead inefficient resource utilization. Otherwise, blind detection on PDSCH of wake-up/go-to-sleep signal may be needed. 
· Due to the decoding time, it may cause long latency.
· CSI-RS
· Pros
· If CSI-RS configuration used for TRS is used, a UE can track the time synchronization in conjunction with wake-up/go-to-sleep procedure.
· If CSI-RS configuration used for RRM measurement is used, a UE can perform RRM measurement in conjunction with wake-up/go-to-sleep procedure.
· In terms of detection, CSI-RS detection mechanism can be reused as long as CSI-RS configured for wake-up/go-to-sleep is transmitted per configuration (i.e., no blind detection). 
· Cons
· The performance may not be promised according to the length of sequence from the false alarm and miss detection if blind decoding needs to be performed.
· SS/ PBCH
· Pros
· UE can track the time synchronization.
· SS detection mechanism can be reused. 
· Cons
· It would not be guaranteed that SS/PBCH is included in active BWP. If not, UE may need to have retuning gap to start PDCCH monitoring after SS/PBCH (DMRS) reception. 
· As SSB itself is cell-specific signals, it is not straightforward to support UE-specific wake-up/go-to-sleep signals unless high overhead of SSB configuration per UE over different time/frequency resources.
To determine which signals/channels are appropriate for triggering signals, first the purpose of triggering needs to be clarified. Moreover, it is necessary to clarify which information will be conveyed or indicated by the triggering signals/channels. Overall, we can consider potential use cases of triggering conditions as follows. 
· Indication of wake-up or go-to-sleep for C-DRX: for example, during OnDuration, or in the first slot of OnDuration of each UE’s DRX cycle, periodic indication signal can be transmitted which can indicate ‘wake-up’ or ‘go-to-sleep’. If wake-up is indicated, a UE starts monitoring of CORESET and necessary measurements, and if go-to-sleep is indicated, the UE can go back to DRX immediately. 
· Instead of periodic transmission of such indication, aperiodic indication can be also considered. In this case, reliable detection performance of presence of indication seems essential. In that case, utilizing existing RS such as CSI-RS or DM-RS may not be sufficient from the performance perspective. 
· State transition signal in connected/active state: for example, if a UE can be configured with multiple power states, signal can be used to switch between different power states. Each power state can be defined independently from BWP or DRX configuration or it can be associated to BWP configuration or DRX configuration. As state transition indication is in nature aperiodic, signals/channels for efficient blind detection seems desirable if this approach is considered. 
· If state is somehow associated with BWP (e.g., power efficient state in case of default BWP), existing BWP switching mechanism based on DCI seems a natural choice. 
· Indication of wake-up or go-to-sleep for DRX in IDLE: though this is not main focus, if this is considered, some time/frequency tracking aspects should be considered. 
Thus, before discussing actual designs of triggering signals/channels, first, procedure needs to be clarified. In our view, some power efficient mode where measurements and control monitoring can be relaxed can be defined. As BWP provides a good framework to adapt different configurations, we propose to first focus on BWP switching based power state transition. 
Proposal 1: Before designing a signal to trigger state change, further study on necessary procedure/power states. 
Proposal 2: Start from Rel-15 framework, in particular, consider BWP switching mechanisms to adapt necessary configurations such as measurement configurations and control monitoring. 

Conclusion 
In this contribution, we discuss on triggering signaling for UE power saving. Based on the discussion, we obtained following proposals.
Proposal 1: Before designing a signal to trigger state change, further study on necessary procedure/power states. 
Proposal 2: Start from Rel-15 framework, in particular, consider BWP switching mechanisms to adapt necessary configurations such as measurement configurations and control monitoring. 
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