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[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Introduction
In RAN#80 meeting, a new study Item on UE power saving in NR was approved [1]. This study item will include the following objectives
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
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3) Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  

In this contribution, we main discuss power saving signal/channel/procedure for NR power saving.
Discussion 
2.1	Motivation of power saving signal
The UE power saving currently relies on the periodic configuration of DRX in both CONNECTED and IDLE/INACTIVE states to allow UE to sleep during the DRX OFF period.  For RRC-connected state in NR, UE will wake up from sleep mode before DRX On duration configured by the gNB and perform PDCCH and PDSCH decoding if PDSCH is scheduled. If no data is scheduled to transmit by the gNB, UE will monitor and decode PDCCH during the whole on-duration period of DRX cycle. For self-contained scheduling case, with UE aggressive processing time, the data would be preprocessing such as FFT, and buffer in addition to PDCCH decoding, which will leads to more power consumption. On the other hand, when data transmission is finished, UE will continue monitor PDCCH for the remaining DRX ON period. If UE continues to receive data after UE wakeup from DRX, UE will get out of the power saving mode from the DRX cycle and stay in the network access mode. When UE is in the normal network access, UE would continue monitor and decode the PDCCH to check whether there is DL grant for the UE. After a configured period of time without any data or grant, UE would enter the CONNECTED state DRX mode.     

Similarly, the UE operates with longer DRX configuration in RRC-IDLE/RRC_IACTIVE mode to allow UE getting to deep sleep to minimize the power consumption.  UE in IDLE/IACTIVE state would wake up during the DRX ON period to decode the paging message and read the system information. UE will consume power on paging PDCCH monitor in the paging occasion.    
Power saving signal is used to trigger UE whether to wake up in DRX cycle.  Power saving signal is also used to indicate if UE would have DL data to receive at the upcoming DRX ON period. UE will monitor the power saving signal before the DRX ON period. If the UE does not receive the positive acknowledgement from the power saving signal before the DRX cycle, UE would assume that there is no data for him and will stay in the sleep without waking up. This would reduce the UE power consumption by not waking up and decoding the PDCCH during the whole DRX ON period.  The wakeup signal defined in LTE eMTC and NB-IoT had been used as the indication whether UE should wake up at the upcoming DRX ON period for narrow band UE  power saving.  

The Power saving signal used as the triggering mechanism for the subsequent action, such as UE waking up at DRX ON duration, could also apply to the triggering mechanism for the PDCCH monitoring.  PDCCH decoding has high power consumption. In LTE network deployment, more than 90% of the PDCCH decoding has the results of no DL grant for the UE due to robust data arrival. The PDCCH decoding without positive DL grant represents unnecessary UE power consumption. The power consumption of PDCCH decoding takes great portion of total UE power consumption in LTE.  It is expected to have similar behavior in NR with great portion of unnecessary power consumption on PDCCH decoding with the results of no DL grant. Therefore, the Power saving signal could be used as the indication to trigger the PDCCH decoding only when there is DL data scheduled on PDSCH. UE would get the positive acknowledgement from the power saving signal before performs the PDCCH decoding. UE would skip the upcoming PDCCH decoding if there is no positive acknowledge from the power saving signal.   

Observation1: Power saving signal is not only used to trigger UE to wake up at the upcoming DRX ON period but also used to trigger the PDCCH monitoring.  
2.2   Power saving procedure 
As an example, UE should wake up from sleep state periodically based on the DRX configuration. UE needs to wake up in advance before the DRX ON period to perform ramping up/down, synchronization, and time-frequency tracking, in preparation for the RRM measurement and PDCCH decoding during the DRX ON period.    All the procedures in synchronization, channel tracking, RRM measurement and PDCCH decoding would have the results of high power consumption as shown in Figure 1. If there is no data arrival at the DRX ON period, all the power consumptions for UE to wake up in advance before the DRX ON in preparation for network access and the RRM measurements and PDCCH decoding during the DRX ON are completely unnecessary and wasteful.  


[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]Figure 1: UE procedure in NR-R15 RRC-Connection mode 

To reduce the energy consumption, the power saving single can be used to indicate whether UE need to wake up at the DRX ON period or not. If the power saving signal is not detected after ramp up, UE will not wake up during  the DRX cycle; otherwise, UE will wake up and perform PDCCH monitoring and PDSCH decoding of DL data or paging information as shown in Figure 2,   


Figure 2: Wake up procedure with power saving signal
[bookmark: _GoBack]The Periodical DRX configuration is used for the UE power saving in NR. However, data arrival is usually very robust and aperiodic. The Power saving signal used for triggering PDCCH monitoring would allow the UE transition to micro sleep after completion the data reception. UE would continue in micro sleep and not to perform PDCCH decoding if no positive acknowledgement of the power saving signal is detected. The UE would wake up from micro sleep after it detects the positive acknowledgement from the power saving signal and start PDCH/PDSCH decoding. The micro sleep with the power saving signal triggering PDCCH decoding is considered as an aperiodic DRX configuration as shown in Figure 3. The UE would have the benefit of power saving by not monitoring the PDCCH during the micro sleep.   




Figure 3: Aperiodic DRX with Power saving signal triggering PDCCH monitoring
When the DL data reception is completed, additional go-to-sleep control signaling would trigger the UE transition to the micro sleep state as shown in Figure 4. The go-to-sleep control signaling could be the physical signal similar to power saving signal, physical control information (e.g., DCI) or control signaling at the MAC protocol.   


Figure 4: Go to sleep procedure with power saving signal
Proposal 1: The power saving signal should be supported for connected and idle modes.
Observation 2: When the power saving signal is used for aperiodic DRX configuration, UE will only wake up to decode PDCCH and PDSCH when the UE has data to receive
2.3   Power saving signal/channel
· Consideration on power saving signal/channel
Detection energy should be considered for power saving signal design. Power consumption of detection power saving signal has a direct effect on UE power saving scheme. From receiver perspective, there are two kinds of power saving signals; they are power saving signals with baseband receiver and RF receiver. Power saving signals with base band receiver can provide good detection performace and support large coverage at cost of higher power consumption with the activation of  base band receiver. The low complexity RF receiver could sufficiently detect the power saving signal with limited capability of interference resistance, but very small power consumption at the level down to several nW [2]. The  low power RF receiver would allow UE the ability of continous reception of powe saving signal.  
Flexibility of power saving signal/channel should be considered for supporting energy efficiency. To wake up UEs from sleep state, two approaches can be considered: UE specific or cell specific wake up mechanism. Cell specific power saving signal can wake up all the UEs in the cell regardless of whether UEs are scheduled in the network access state or DRX ON duration. UE needs to consume power to perform all the procedures and go to sleep after the configured timer expired. This would not help UE too much on the power saving. Therefore, the UE specific power saving signal provides more flexibility over cell specific wake up mechanism. The power saving channel would be configured periodically for UE to detect. If the UE detects its configured UE-specific power saving signals, UE would trigger to wake up for PDCCH decoding and subsequent signal processing. If the UE does not have positive acknowledgement from its power saving signal detection, the UE would continue to sleep.  
Flexible frequency resources of power saving signal transmission can facilitate efficient energy saving. E.g., power saving signal and PDSCH can be transmitted in different bands. When low frequency band and higher band are used for transmission of power saving signal and PDSCH respectively, it is beneficial of improving detection performance and coverage of the power saving signal. If separate power saving channel receiver is adopted in lower frequency band, most efficient power saving mechanism can be achieved even if periodic power saving channel is applied. As shown in figure 5, power signal is transmitted in lower band and separate receiver is adopted by UE. PDSCH receiver will not wake up periodically until power saving signal is detected in frequency resource which is dependent of PDSCH transmission.  Power efficient receiver e.g., passive device can also be considered for enhancement of energy efficiency of UE. 


Figure 5: Power saving signal with low frequency band receiver 

Introduction of power saving signal will bring some system overhead. From performance perspective, the power saving channel carried the Power saving signal should be configured by gNB regardless that it is inband or out-of-band operation.  Overhead and performance of power saving channel should also be carefully balanced. 
Proposal 2: The following should be considered for the power saving signal design: 
· Receiver complexity and sensitivity for the energy detection, 
· Flexibility system overhead, 
· Power consumption of the power saving signal detection 
· Power saving signal candidates
Two types of power saving signal could be considered; they are sequence based and signaling based power saving signal.  For sequence based power saving signal, e.g., PN sequence, ZC sequence, orthogonal sequence can be considered with the capability of multiplexing of multiple Power saving signals on one power saving channel to trigger more than one UE at a time.  Another type of sequence based power saving signal is the configured RS, such as CSI-RS. The UE-specific configuration of the CSI-RS could be used as the power saving signals.  However, the CSI-RS has limited capability in multiplexing multi-user information for triggering.  Thus, the overhead of using CSI-RS as the power saving signal is very large.  

The signaling based power saving signal, such as compact DCI carried by PDCCH, would require sufficient resource sharing among UEs.  The signaling based power saving signal requires a lot of power consumption.   The amount of the power saving using signaling based power saving signal as the triggering mechanism for UE wake up and PDCCH monitoring is very limited.  
When multiple users are needed to wake up simultaneously, the signaling based power saving signals would have potential blocking of resource access due to the configured resources.  Therefore, sequence based power saving signal should be supported for waking up receiver.
Sequence and signaling based power saving signal can also be considered for triggering UE going to sleep from awake state. Considering the receiver has been in awake state before going to sleep, signaling based power saving signal, e.g. MAC CE can be used for triggering receiver sleeping. For this case, signaling based power saving signal has less overhead and higher accuracy of detetion than that of sequence based power saving signal. Therefore, signaling based power saving signal shoul be supported for triggering the receiver sleep.
Proposal 3：Sequence based power saving signal should be supported for waking up receiver.
Proposal 4： Signaling based power saving signal shoul be supported for triggering the receiver sleep.
· Evaluation of power saving signal 
Power saving gain should be evaluated for justify the power saving of any proposed power saving scheme.   System level simulation, link simulation and numerable analysis can be used for power consumption evaluation and details of simulation assumptions and methodologies can be found in our contribution [3].
Missing detection rate and false alarm rate can be regarded as most basic evaluation metrics for the power saving signal design. If power saving signal is missed by UE, DL packets scheduled by the gNB will not be buffered and decoded in current on-duration period of DRX cycle. The gNB will retransmit the missing data and system overhead and latency will be inevitable but without CC or IR HARQ combining gain. Poor false alarm rate will degrade power saving gain as UE is awaken incorrectly by the power saving signal. Missing detection may degrade system performance, thus missing detection rate has higher priority than false alarm rate.
Proposal 5: Power saving gain should be evaluated for justify the power saving gain of any power saving scheme and identifying effectiveness of different power saving signal candidates.

Conclusion
In this contribution, we discussed the power saving signal/channel/procedure for NR power saving.  The above discussion is summarized with following observations and proposals:
Observation1: Power saving signal is not only used to trigger UE to wake up at the upcoming DRX ON period but also used to trigger the PDCCH monitoring.  
Observation2: When the power saving signal is used for aperiodic DRX configuration, UE will only wake up to decode PDCCH and PDSCH when the UE has data to receive
Proposal 1: The power saving signal should be supported for connected and idle modes.
Proposal 2: The following should be considered for the power saving signal design: 
· Receiver complexity and sensitivity for the energy detection, 
· Flexibility system overhead, 
· Power consumption of the power saving signal detection 
Proposal 3：Sequence based power saving signal should be supported for waking up receiver.
Proposal 4： Signaling based power saving signal shoul be supported for triggering the receiver sleep.
Proposal 5: Power saving gain should be evaluated for justify the power saving gain of any power saving scheme and identifying effectiveness of different power saving signal candidates.
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