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Introduction

In 3GPP TSG RAN #80 meeting, a New SID: Study on UE power saving in NR was approved [1]. At last meeting, the agreements of potential techniques for UE power saving were achieved as follow [2].  

Agreements:
The power saving signal/channel for UE adaptation includes the following signals/channels for further study

Existing signal/channel based power saving signal/channel

 PDCCH channel

TRS, CSI-RS type  RS, SSS-like and DMRS

PDSCH channel carried MAC CE and/or RRC signaling

New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  

Network resource overhead  

Resource and/or periodicity of power saving signal/channel

Multiplexing capability

Usage of resource

Coexistence/multiplexing with existed signal/channel of Rel-15

UE-specific, group-specific, cell-specific power saving signal/channel

Detection performance

Complexity

Power consumption of the power saving signal/channel

Agreements:

The power saving signal/channel in trigger UE adaptation to DRX operation for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  RS resources can be considered to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking.

Other schemes are not precluded

Agreements:

The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring for further study is that the power saving signal/channel can be used to trigger UE to skip the PDCCH monitoring and/or to go to sleep for a period of time.

Other schemes are not precluded

Agreements:

The power saving signal/channel in trigger UE frequency domain processing adaptation for further study is the power saving signal/channel can be used to trigger the indication of RS configuration for channel tracking, CSI measurements, and beam management for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

Other schemes are not precluded

Agreements:

For further study, the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and background processing can be used as the indication for UE adaptation. The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  

Other schemes are not precluded

In this contribution, PS (power saving) signal/channel for triggering adaptation of UE power consumption are firstly designed. Then two-level PS signal/channel are suggested. Furthermore, PS signal/channel for various PS techniques are considered. Finally, conclusion is drawn.
PS signal/channel for triggering adaptation of UE power consumption

Because features like dynamic BWP switching and DRX operation in Release 15 have the function of triggering adaptation of UE PS, whether other PS signal/channel are supported should be evaluated, herein the aforementioned other PS signal/channel includes existing signal/channel with new aided information for PS and new PS signal/channel.

Proposal 1: Whether existing signal/channel with new aided information for PS and new PS signal/channel are supported should be evaluated.

In the evolution of eMTC and NB-IoT, a dedicated WUS has been introduced for power saving of paging channel in the idle mode. In NR Release 16, the SI scope of UE power saving includes the study of a new dedicated PS signal/channel, named as WUS/WUP (Wake-up PDCCH) to reduce power consumption. As the target mode for this SI is RRC_CONNECTED, it is proposed that WUS is a UE specific or UE group specific signal, and the existing CSI-RS/TRS/SSB or a new designed RS signal based on CSI-RS/TRS/SSB can be used for WUS. "Appearance" or "dis-appearance" of WUS signal on the predefined resource can be used to indicate whether to wake up the UE or trigger WUP or another WUS. If a new signal is needed, the new RS signal can adopt the structure of comb-like in frequency domain. It may be considered that the RS signal may carry some extra information for the PS in the form of frequency division, time division, or code division.
Proposal 2: A UE specific PS signal (WUS) can be considered for new PS function in NR Release 16. 

PS signal is UE specific, but the current existing signal such as TRS, CSI-RS type RS, SSS-like or DMRS cannot be identified well for different UEs. Further, the existing signal may lead to large power consumption as it occupies large bandwidth with relatively low complexity. Therefore, it is suggested that a new sequence based power saving signal should be designed. Obviously, existing signal such as TRS, CSI-RS type RS, SSS-like and DMRS is not suitable as PS signal. But, these existing signal can be taken as reference to the design of the new sequence based PS signal. 

Proposal 3: A new sequence based PS signal (WUS) should be considered and designed to meet the following requirement

The signal can be used to identify UEs 

Low power consumption should be guaranteed to detect this signal.

It is proposed that WUP can be a new PDCCH based on the existing PDCCH, and there can be a new DCI format based on the existing DCI format for WUP, which is a compact DCI, mainly used for PS of Release 16 or other new Release 16 functions. That is to say, the existing DCI format cannot be used directly for new PS function.    

Proposal 4: A new PS channel (WUP, Wake-Up PDCCH) or DCI format can be considered for new PS function.

The content conveyed by WUP mainly consists of two aspects: 1) carrying some control information required by normal data/control transmission, which has already supported in one or more DCI format, such as information that dynamically indicates the location of resources; 2) carrying some control information for power saving function, these information is the configuration information related to different PS techniques, such as the indication of waking up or going to sleep, the configuration information for different PS techniques, the related information on PDCCH monitoring/RRM measurement/CSI measurement/synchronization/SSB reception etc.

Proposal 5: WUP can carry two kinds of information, one kind is information for normal transmission, and another kind is information for power saving function. 
The configuration information for different PS techniques can be indicated in a dynamic way. The WUP of new DCI format can carry some information about PS, and the parameters required by the adaptation can be put into the DCI format. Firstly, a large configuration set table PS_Configuration_Table1 can be defined for various PS methods and their combinations. Secondly, a small configuration set table PS_Configuration_Table2 can be selected from the above large configuration set table via, e.g., RRC signaling. Finally, DCI signaling is used to dynamically select different configurations from PS_Configuration_Table2, dynamic selection is conducive to quickly adapt to the changes in the current traffic. The configuration information for different PS techniques can include PDSCH configuration, PDCCH configuration, BWP configuration, MIMO configuration, DRX configuration and CA configurations.

Location and time-frequency resources of WUS/WUP can be studied in the following aspects:

Time domain location of WUS/WUP.

 For example, Two schemes are suggested. The first scheme is a predefined or semi-static configured WUS/WUP time domain occasion. The second scheme is based on the association between the time domain location of WUS/WUP and the existing signal.

CC information of WUS/WUP; 

For example, WUS/WUP can be sent in Primary cell. If WUS/WUP can be sent in any cell, when UE is awakened, only the carrier carrying WUS and/or WUP is activated, and other carriers are further activated by signaling.
BWP location of WUS/WUP ; 

For example, WUS/WUP can be sent in default BWP.
Time domain relative position relationship between WUS and WUP.

For example, WUS and WUP has fixed or predefined time offset.

5)  Active CC/BPW/ time domain symbols after UE is woken up.
    For example, CC index, BPW index and indicator of time domain configuration of WUP can be used to determine the active CC/BPW/time domain symbols after UE is woken up.

Proposal 6: Location and time-frequency resources of WUS/WUP should be carefully studied.

The structure of Two-Level PS signal/channel 
The merit of WUS is that WUS requires a smaller overhead of resource, and WUS can be used for channel tracking, channel measurement, RRM measurement and synchronization. The shortcoming of WUS is that the amount of information carried for PS is limited. The merit of WUP is that WUP can carry more information for PS. The shortcoming of WUP is that WUP requires a large overhead of resource, and WUP cannot be used for channel tracking, channel measurement, RRM measurement and synchronization. Obviously, the merit and the shortcoming of WUS and WUP are complementary, so it is proposed that both WUS and WUP need to be supported and the choice can be made among WUS or WUP or a combination of WUS and WUP depending on different situations. Furthermore, if WUS is combined with WUP, WUS can be used to trigger the WUP. Besides, WUS can include WUS1 and WUS2, WUS1 can be a simple signal like WUS in eMTC/NB-IoT, and WUS2 can be the existing CSI-RS/TRS/SSB. A two-level PS signal/channel structure can be considered, and the structure have the following possible form: WUS1 + (WUS2 and/or WUP), which is illustrated by Figure 1.
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                  Figure 1  Example of two-level PS signal/channel 

Proposal 7: WUS can include WUS1 and WUS2, WUS1 can be a new sequence based PS signal only with the function of wake-up, and WUS2 can be the existing CSI-RS/TRS/SSB to perform channel measurement.
Proposal 8: A two-level PS signal/channel structure can be considered with the form of WUS1 + WUS2 /WUP.

WUS1 may be used to trigger WUS2 /WUP.

Evaluation of the following WUS schemes are compared with baseline
Scheme 1 related to DCI [4], 
Scheme 2 related to TRS [4], 
Scheme 3 [5], 
Scheme 4 [6], 
Scheme 5 in form of WUS1 + WUS2 as mentioned earlier in [7].
Table 1 and Figure 2 below show the simulation results and performance gains relative to baseline of these WUS schemes. The CDRX configuration is represented as “CDRX cycle period - Inactivity timer - ON duration”. In this simulation, the power consumption of WUS in a slot is set 50. Detail of simulation assumptions can be found in [3]. From the simulation results, the two-level PS signal structure with the form of WUS1+WUS2 outperform other schemes. 
Table 1  Simulation results of WUS schemes

	
	Average power consumption of 1 slot
	Power saving gain

	
	baseline
	Scheme1[4]
	Scheme2[4]
	Scheme3[5]
	Scheme4[6]
	Scheme5[7]
	Scheme1[4]
	Scheme2[4]
	Scheme3[5]
	Scheme4[6]
	Scheme5[7]

	160-10-8
	11.169
	9.1705
	8.762
	8.9106
	8.8374
	8.1434
	17.89%
	21.55%
	20.22%
	20.88%
	27.09%

	160-40-8
	21.7174
	19.5071
	19.0947
	19.1862
	19.142
	18.3682
	10.18%
	12.08%
	11.66%
	11.86%
	15.42%

	160-100-8
	40.1455
	37.563
	37.1357
	37.1538
	37.1454
	36.2683
	6.43%
	7.50%
	7.45%
	7.47%
	9.66%
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Figure 2  Percentage of performance gains relative to baseline

The appearance of the first level PS signal/channel can be more frequent than the second level PS signal/channel to save the power of detecting the second level. Furthermore, there are two cases:
In the first case, the first level PS signal/channel is periodic. The second level PS signal/channel is aperiodic. The first level PS signal/channel can be used to select whether to wake up the second level PS signal/channel, which complies with whether to wake up UE. In the most time, the first PS signal/channel does not need to wake up the second PS signal/channel.

In the second case, both the first level PS signal/channel and the second level PS signal/channel are periodic, but the periodicity of the first level is less than that of the second level.

Proposal 9: The appearance of the first level PS signal/channel should be more frequent than that of the second level PS signal/channel.  

WUS/WUP for triggering UE adaptation to C-DRX operation  
If the combination of WUS/WUP and DRX is considered, WUS can be a periodic signal. WUP is triggered by WUS, WUP and DRX can be used to wake up UE together. The periodicity of WUS have a certain relationship with that of DRX. Usually WUS can be transmitted at a position with an offset before DRX on duration. The periodicity of WUS can be configured by gNodeB, which can be equal to that of DRX, or be greater than that of DRX, or less than that of DRX. The periodic cycle of WUS needs to be flexible enough for different purposes.

When configured cycle of WUS is smaller than that of DRX, periodicity of DRX is multiples of that of WUS/WUP. The combination can include the following two methods for usage:

WUS can be combined with long cycle DRX 

Long cycle DRX can bring significant power saving gain compared to short cycle DRX, but long cycle DRX leads to more serious latency problems. If WUS/WUP has a smaller cycle, it is possible to wake up UE in the period of the DRX off duration, to achieve the best trade-off of power saving and delay.

WUS can be combined with short cycle DRX.

The latency of short cycle DRX can be reduced further. This method can be used for some traffic with strict latency requirements. As a result, operators and equipment manufacturers may have more willing to use DRX function due to the flexibility and robustness.

When the configured cycle of WUS is equal to that of DRX. Each WUS/WUP cycle can correspond with each DRX cycle, and a WUS/WUP is located in the position of several symbols before each DRX on duration. This WUS/WUP supports both wake-up state and none-wake-up state. The previous state can wake up DRX on duration, and the later state keeps UE in the inactive state during the period of DRX on duration. 

When the configured cycle of WUS is larger than that of DRX. The period cycle of WUS is a multiple of that of DRX. In this case one WUS/WUP period cycle can correspond with multiple DRX cycles. Further, this WUS can supports two states, one is to wake up the on duration of these DRX, and another is to keep UE in the inactive state in the period of on duration of DRX.

Proposal 10: For different purpose, the periodicity of WUS configured by gNodeB can be equal to, or be greater than, or less than that of DRX. 
A two-level PS signal/channel structure is recommended as mentioned above. Further, it is also proposed to use the WUS1 + (WUS2 and/or WUP) structure. In detail, WUS1 is a narrowband wake-up signal, which is similar with the wake-up signal in eMTC/NB-IOT, then WUS1 can be used to trigger WUS2 and WUP. Furthermore, WUS2 and WUP can be sent at the same time and using different frequency resources, and WUS2 together with WUP can appear between WUS1 and DRX duration on. Figure 3 has disclosed the detailed structure.

WUS2 can be used for performing CSI measurement/feedback and RRM measurements. For FR1, WUS2 can be CSI-RS and TRS. For FR2, WUS2 can be CSI-RS, TRS, and SSB. WUS2 can be used to obtain beam management information, synchronization information and CSI information before DRX on duration, especially when beam blocking happens. As WUS2 is triggered by WUS1, WUS1 can dynamically select whether to trigger WUS2 or not, alternatively gNodeB can semi-statically select whether trigger WUS2 or not.

WUP can be used to implement the functionality of UE PDCCH monitoring during DRX ON and efficient UE wake-up, reducing the power consumption during DRX ON, and triggering dynamic adaptation among multiple DRX configurations. In detail, WUP can be used to dynamically indicate a specific set of DRX configuration/ PDCCH configuration / PDSCH configuration among multiple sets.
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Figure 3  Example of two-level PS signal/channel
Proposal 11: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to C-DRX operation. 

Proposal 12:WUS2 may be considered for performing CSI measurement/feedback/RRM measurements/ beam management/ synchronization.

Proposal 13: WUP may be used to dynamically indicate a specific set of DRX configuration/ PDCCH configuration / PDSCH configuration among multiple sets.
WUS/WUP for triggering UE adaptation in reducing PDCCH monitoring  
It is also proposed that the structure of WUS1 + (WUS2 and/or WUP) can be used for triggering UE adaptation in reducing PDCCH monitoring. The time domain configuration parameters of the Search space Set configured in WUP can achieve similar function of DRX. The parameter MonitoringSlotPeriodicAndOffset in the time domain configuration can define a period cycle similar with DRX cycle, and parameter Duration in the time domain configuration can define the time information similar with DRX duration on. The above two parameters is more flexible and variable than these of DRX. Therefore it is suggested that the time domain configuration of the Search space Set in the PDCCH configuration can be used to replace the DRX configuration. That is to say, such kind of WUP can also be used to implement UE DRX PDCCH monitoring and efficient UE wake-up, reducing power consumption during DRX ON.

Proposal 14: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in reducing PDCCH monitoring.

WUS/WUP for triggering UE adaptation to BWP operation  
It is also proposed that the structure of WUS1 + WUS2/WUP as shown in Figure 4 can be used for triggering UE adaptation to BWP operation. 

Option1 shows that WUS1 to wake up UE to receive WUP on BWP1 and obtain WUS2 on the new BWP (namely BWP2 in Figure4). Herein, WUP firstly indicates BWP switching information and data scheduling information for UE. Then, WUS2 can be sent on active BWP2 by gNodeB for UE’s channel tracking, e.g, the refinement of large-scale parameters in UE receiver. After triggering BWP switch from BWP1 to BWP2, the data for UE is transmitted on BWP2. As the fine channel tracking is done before receiving data in the new BWP, this approach can provide better receiving performance than the current BWP switching mechanism. If there is no more data to be served, bwp-InactivityTimer would start counting. 
Option2 uses WUS1 wakes up UE to receive WUS2 and WUP before BWP switching. The difference from option1 is the timeline of receiving WUS2 and WUP. Herein, WUS1 can be used to trigger the reception of WUS2 as a CSI measurement resource and the monitoring of WUP in a new BWP. If UE is not expected to monitor PDCCH or receive data, WUS1 would not “wake up” WUS2 or WUP. UE measures and reports CSI based on WUS2. Based on the received CSI, WUP can be used to do cross-BWP scheduling. WUP is received during on duration and expected to indicate data scheduling information and dynamic BWP switching information to UE. 
Both option 1 and option 2 can provide better UE power consumption and/or better data receiving performance in the new BWP than the current BWP switch mechanism. They can be realized in a unified framework based on two-level WUS by allowing CSI measurement or channel tracking before receiving data in a new BWP. Hence we propose both options needs to be studied in this framework.

In addition, a special BWP, namely Power Saving (PS) BWP, needs to be defined. Dynamic switch signaling needs to implement dynamic switching between normal BWP and special PS BWP. BTW, PS BWP only supports the intra-band BWP switching. The UE can inform gNodeB whether the special PS BWP is supported by the UE capability report. It can be considered that WUS/WUP can be sent in the special PS BWP, where PS BWP can be one of the following BWP: default BWP, BWP with minimum index, initial BWP, BWP with minimum bandwidth, etc.
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a) Option 1
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b) Option 2
Figure 4  BWP operation triggered by two-level PS signal/channel
Proposal 15: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to BWP operation.

WUS/WUP for triggering UE adaptation to CA operation  
Two-level PS signal/channel structures of WUS1 + (WUS2 and WUP) is proposed for CA operation as shown in Figure 5. WUS2 can be used to obtain pre-processing information before switching/activation and further the pre-processing information can be used by gNB after carrier activation. 
For option (a), WUS1 and WUP are on the same carrier. WUP can convey dynamic carrier switching indicator, which can indicate which carrier is scheduled after UE wakes up. 

For option (b), WUS1 and WUP are on the same carrier. WUS2 “waked up” by WUS1 shall be sent on the carrier that would be activated. WUS1 carries information of the carrier which would be activated. WUP activates the carrier. For example, WUS1 and WUP is sent on the default primary CC, WUS1 also indicates the CC to be activated, and WUS2 is sent on the CC activated by WUP. In addition, Scell activation and deactivation can also be considered in combination with sCellDeactivationTimer.  

Both Options can reduce PDCCH monitoring power in the active CCs and guarantee the performance/latency of cross-carrier scheduling or SCell activation. Hence we propose both options to be studied in the framework of using the two-level WUS/WUP for CA operation. 
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Figure 5  CA operation

Proposal 16: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to CA operation.
WUS/WUP for triggering UE adaptation in UE processing  
It is also proposed to use the structure of WUS1 + WUS2/WUP for triggering UE adaptation in UE processing, which can implement the function of measurement, feedback, scheduling, synchronization, etc. The structure not only can deal with bad channel condition, e.g. beam blocking, but also can effectively reduce the power consumption cause by measurement and feedback. WUS2 could be the existing reference signal (CSI-RS/TRS/SSB) supported by NR. Furthermore, WUP can include both WUP1 and WUP2. Herein, WUP1 can carry downlink scheduling information. Downlink scheduling information can provide the configuration information for various PS techniques including MIMO and necessary control information needed for data/control transmission. WUP2 can carry an uplink scheduling information. The UE can send a set of configuration information for various PS techniques and traditional CSI information on the uplink channel scheduled by WUP2. Traditional CSI information can be L1-RSRP, CRI/RI/PMI/CQI, etc. Furthermore, MIMO PS technique may include the related information of layer/port/panel from UE, etc. PS technique in time domain may include the information of K0 / K1 / K2 from UE.

Finally, if WUP is considered for Release 16, some traditional problems such as PDCCH dropping and PDCCH blocking may need to be reconsidered. 

Proposal 17: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in UE processing.

Proposal 18: WUP can include both WUP1 and WUP2. Herein, WUP1 can carry downlink scheduling information, and WUP2 can carry uplink scheduling information which can carry UE assistance information for PS.

Conclusion
In this contribution, we discuss some aspects on UE PS. We have the following proposals:

Proposal 1: Whether existing signal/channel with new aided information for PS and new PS signal/channel are supported should be evaluated.

Proposal 2: A UE specific PS signal (WUS) can be considered for new PS function in NR Release 16.

Proposal 3: A new sequence based PS signal (WUS) should be considered and designed to meet the following requirement

The signal can be used to identify UEs 

Low power consumption should be guaranteed to detect this signal.

Proposal 4: A new PS channel (WUP, Wake-Up PDCCH) or DCI format can be considered for new PS function.

Proposal 5: WUP can carry two kinds of information, one kind is information for normal transmission, and another kind is information for power saving function. 

Proposal 6: Location and time-frequency resources of WUS/WUP should be carefully studied.

Proposal 7: WUS can include WUS1 and WUS2, WUS1 can be a new sequence based PS signal only with the function of wake-up, and WUS2 can be the existing CSI-RS/TRS/SSB to perform channel measurement.
Proposal 8: A two-level PS signal/channel structure can be considered with the form of WUS1 + WUS2 /WUP.

WUS1 may be used to trigger WUS2 /WUP.

Proposal 9: The appearance of the first level PS signal/channel should be more frequent than that of the second level PS signal/channel.  

Proposal 10: For different purpose, the periodicity of WUS configured by gNodeB can be equal to, or be greater than, or less than that of DRX. 

Proposal 11: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to C-DRX operation. 

Proposal 12:WUS2 may be considered for performing CSI measurement/feedback/RRM measurements/ beam management/ synchronization.

Proposal 13: WUP may be used to dynamically indicate a specific set of DRX configuration/ PDCCH configuration / PDSCH configuration among multiple sets.
Proposal 14: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in reducing PDCCH monitoring.

Proposal 15: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to BWP operation.

Proposal 16: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to CA operation.
Proposal 17: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in UE processing.

Proposal 18: WUP can include both WUP1 and WUP2. Herein, WUP1 can carry downlink scheduling information, and WUP2 can carry uplink scheduling information which can carry UE assistance information for PS. 
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