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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 meeting, a study item was approved to study NR UE power saving framework, taking into consideration latency and performance as well as the network impact[1]. In RAN1#94bis, power saving signal or channel that is used by network to trigger the adaptation on UE power consumption characteristics are discussed and the following were agreed.
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 evaluation methodology
This contribution continues the discussion in [2] on the design of power saving signal/channel for triggering adaptation of UE power consumption.
[bookmark: _Ref129681832]Motivation for power saving signal
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#94bis [2], we provided data from LTE network to show the motivation/benefit for the introduction of power saving signal, which is used to indicate wake-up/go-to-sleep information for C-DRX cycles where there is no data scheduled, and to show the potential gain on power consumption if network indicates to the UE to skip PDCCH monitoring in a number of slots. Initial evaluation results for the power saving signal [3] further motivate the study on the design of power saving signal.
Design of power saving signal
Power saving signaling for C-DRX cycles
This section considers power saving signaling in C-DRX mechanism to indicate wake-up or go-to-sleep information when there is no data need to be scheduled for the corresponding C-DRX. Two existing signal/channel can be considered for power saving signalling.
TRS based power saving signal to indicate wake-up
Figure 1 illustrates the usage of TRS based power saving signal. If the reference signals can be used to convey wake-up information, when there exists UL/DL scheduling in the corresponding one or multiple ‘On Duration’ period(s), the reference signal that indicates ‘wake-up’ will be transmitted. Otherwise, the TRS does not need to be transmitted. In this contribution, we use the terminology of ‘DTX’ to represent that the WUS is not transmitted and the resource can be used for other channels of other UEs e.g. PDSCH. 
[bookmark: _GoBack]If the TRS is detected by UE to be present before the C-DRX cycle, UE needs to wake up in the corresponding C-DRX cycle. If the TRS is not detected, i.e. a DTX shall be assumed, the UE shall keep sleeping in the C-DRX cycle. By detecting the presence of TRS, the UE will wake up to process the corresponding PDCCH, and also can use the reference signal for tracking time/frequency offset, adjust AGC etc. as in NR Rel-15 system.  

 
[bookmark: _Ref525317284]Figure 1 Illustration CSI-RS/TRS based power saving signal
In Rel-15, when the UE is in the deep sleep before a C-DRX cycle, UE needs to do time/frequency tracking based on SSB or TRS. Even in case the UE is in light sleep before a C-DRX cycle, if the sleep time/cycle length is larger than a threshold, the UE also needs to obtain time/frequency tracking before the reception of PDCCH/PDSCH, otherwise the performance of PDCCH/PDSCH reception would be significantly impacted. Considering the UE may need receive reference signal for time/frequency tracking before a C-DRX cycle anyway, the additional reception time due to TRS based power saving signal can be marginal in proper configurations. Therefore, the energy consumption due to TRS-based power saving signal reception can be also marginal.
A TRS based power saving signal can also be configured to correspond to multiple C-DRX cycles in case the C-DRX cycle length is short. In this case, the resource overhead due to TRS based power saving signal can be further reduced, however the transmission cycle of the TRS signal should be configured considering the sleep time duration length after which a UE needs to do time/frequency tracking.
DCI based power saving signaling to indicate wake-up/go-to-sleep
PDCCH channel is another existing channel that can be considered for indicating wake-up or go-to-sleep information. The DCI-based solution is illustrated in Figure 2, and if the PDCCH that carries a DCI indicating ‘wake-up’ or ‘go-to-sleep’ information is transmitted before or at the very beginning of the corresponding C-DRX cycle, the active time can be reduced and therefore UE can save power. In Figure 2 an example is shown for power saving indication before the C-DRX cycle. The DCI-based power saving indication can be protected by CRC checking, which may achieve low false alarm rate. It is for further discussion how to optimize DCI-based solution for power saving indication. 


[bookmark: _Ref525317300]Figure 2 Illustration of DCI based power saving signal
DCI based power saving signal can be also applicable for one or multiple C-DRX cycles. It should be further studied how many C-DRX cycles should be supported to be skipped by the indication from power saving signal
Evaluation considerations on power saving signal during C-DRX cycles
In RAN1#94bis, it is agreed that numerical analysis, system level simulation, and link level simulation are included as evaluation methods for power saving proposals and at least one of the methods should be selected and used for evaluation of a specific power saving proposal. To facilitate the discussion of power saving signal to indicate wake-up/go-to-sleep, a detailed evaluation method is analyzed and provided in this section.
Link level evaluation on the performance of power saving signal/channel
Link level performance needs to be investigated to show the miss-detection rate and false alarm performance of power saving signal. We have initial evaluations on the link level performance for the TRS based power saving signal and DCI based power saving signal in the companion paper [4].
Numerical analysis on power saving gain
It is agreed in RAN1#94bis that percentage power consumption reduction from the baseline scheme will be used to express the power saving gain. The baseline scheme for evaluating power saving signal is the legacy C-DRX mechanism. The percentage of power consumption for the proposed power saving signal over the power consumption of the baseline can be expressed as: 
, where  and  is the average energy consumed in a C-DRX cycle for the proposed power saving signal and the legacy C-DRX mechanism. The traffic model and C-DRX settings are agreed as simulation assumption. System level simulation assumptions are also agreed. For a given UE under a specific geometry, the probability of a C-DRX cycle without any data for scheduling can be counted and obtained from system level simulation. We use R to represent the probability. By using the probability of a C-DRX cycle without any scheduling,  can be estimated as
 (1)
As shown in Figure 3, the energy of  and  correspond to the energy consumption of different UE procedures in the purple and red dashed blocks, respectively. The time portion of TRS reception, PDCCH only reception and PDCCH+PDSCH reception can be obtained from the system simulation based on the C-DRX settings and traffic model. According to the time portion and model agreed in RAN1#94bis,  and  can be calculated.


[bookmark: _Ref525512138]Figure 3 Illustration of calculating average energy of baseline in a C-DRX cycle
The estimated average energy consumed in a C-DRX for the proposed candidate can be similarly calculated as: 
 (2)
Figure 4 and Figure 5 illustrate the procedures corresponding to  and  for TRS based and DCI based power saving signal, respectively. The time portion of the reception of power saving signal can be obtained from link level evaluation.


Figure 4 Illustration of calculating average energy in a C-DRX cycle for solution with TRS based power saving signal


Figure 5 Illustration of calculating average energy in a C-DRX cycle for solution with DCI based power saving signal

Evaluation on resource overhead/performance impact
Besides the power consumption gain, network resource overhead needs to be also investigated, considering the power saving signal occupies additional network resource to indicate the wakeup or go-to-sleep information. The resource used for power saving signal/channel for UEs at a given SNR/geometry can be obtained from link level evaluation. And the system level network resource overhead can be calculated based on the CDF of SNR/geometry, the ratio of C-DRX cycles without any scheduling and the link level evaluation results.
Proposal 1: Study TRS based and DCI based power saving signal to indicate wake-up/go-to-sleep by using the evaluation methodology in Section 3.1.3.
Power saving signaling to skip PDCCH monitoring
According to Figure 7 [2] (see Appendix), a signaling to indicate to the UE to skip the PDCCH monitoring can be introduced for UE power consumption reduction. Differently from the signalling to indicate to the UE to wake up or go to sleep for a number of C-DRX cycles, the intention of the indication in this section is enabling UE to skip PDCCH monitoring in active time for a number of PDCCH monitoring occasions. The UE may not be able to totally sleep but the UE can switch off RF chains and skip PDCCH monitoring during the gap between two consecutive scheduling. In RAN1#94bis, skipping PDCCH in a slot has already been modelled as the micro sleep state: PDCCH-only slot consumes 100 power units and micro sleep mode consumes 45 power units. Therefore, skipping of PDCCH monitoring can introduce power saving benefit.
To indicate to skip PDCCH monitoring, DCI-based PDCCH skipping signaling is a straightforward way considering that in the corresponding C-DRX cycles the UE has already started the PDCCH monitoring. Some detailed information can be also indicated such as whether to skip and how many PDCCH occasions to skip. The DCI-based signalling used for skipping PDCCH may be jointly designed together with the DCI-based signalling for wake up or go-to-sleep indication in Section 2. 
To investigate the power consumption benefit, the power ratio needs to be reported, where the baseline solution is the legacy C-DRX. The number of PDCCH monitoring occasions in the baseline for a given C-DRX cycle can be counted and obtained from system level simulation. The corresponding power consumption due to the PDCCH monitoring can be calculated based on the power model agreed in RAN1#94bis. The power consumption of the proposed solution to skip the PDCCH monitoring can be similarly calculated.
Network resource overhead due to the transmission of the PDCCH skipping signal needs to be also investigated. A similar methodology as the one described for the power saving signal for wakeup/go-to-sleep indication can be used here.
Proposal 2: Study network indication to UE to skip PDCCH monitoring by using a similar evaluation method as in Section 3.1.3.
In some cases, it would be possible to indicate UE to skip all the following reception of PDCCH in the C-DRX cycle. In this case and a fast stop of inactivity timer can be further considered. Both DCI based and MAC CE based indication on stop of inactivity timer can be further considered.
Conclusion
This contribution discusses the design of power saving signal. Further details on the solutions for power saving signal to indicate wake-up or go-to-sleep is provided, including the discussion on the TRS based  power saving and DCI based power saving signal. A detailed evaluation method by using numerical analysis based on system level simulation output and link level simulation is proposed to facilitate the study of RS-based or DCI-based power saving signal. The power saving signal for skipping PDCCH monitoring is also analyzed in section 3.2.
Proposal 1: Study TRS based and DCI based power saving signal to indicate wake-up/go-to-sleep by using the evaluation methodology in Section 3.1.3.
Proposal 2: Study network indication to UE to skip PDCCH monitoring by using a similar evaluation method as in Section 3.1.3.
References
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