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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:
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

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

In eMTC and NB-LTE, a dedicated WUS has been introduced for power saving of paging channel in the idle mode. In NR Release 16, a new dedicated PS signal/channel, named as WUS/WUP (Wake-up PDCCH), can be studied to reduce power consumption. 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 1: A UE specific or a UE group specific PS signal (WUS) can be considered for NR Release 16. 

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.     

Proposal 2: A new PS channel (WUP, Wake-Up PDCCH) can be considered for NR release 16.

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 3: WUP can carry two kind 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 downloaded from the above large configuration set table. The download function can be implemented by UE specific RRC signaling. Download procedure reflects the selection of different PS methods or the combination of these PS techniques; 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 4: Location and time-frequency resources of WUS/WUP can 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-LTE, 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 5: WUS can include WUS1 and WUS2, WUS1 can be a simple signal similar with WUS in eMTC/NB-LTE, and WUS2 can be the existing CSI-RS/TRS/SSB.
Proposal 6: A two-level PS signal/channel structure can be considered.

Proposal 7: A two-level PS signal/channel structure can consider the form of WUS1 + WUS2 /WUP.

Proposal 8: For the two-level PS signal/channel structure, WUS1 can be used to trigger WUS2 /WUP.

The frequency of occurrence of the first level PS signal/channel and the second level PS signal/channel can be different in the two-level PS signal/channel structure. The frequency of occurrence of the first level PS signal/channel is significantly higher than that of the second level PS signal/channel. Furthermore, there are two cases:
In the first case, the first level PS signal/channel is periodic. The second level PS signal/channel is non-periodic. 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 frequency of occurrence of the first level PS signal/channel is significantly higher 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 periodicity of WUS is a multiple of that of DRX. In this case one WUS/WUP periodicity 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. 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 frequency resources, and WUS2 together with WUP can appear between WUS1 and DRX duration on. Figure 2 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 2 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 periodicity 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 can be used for triggering UE adaptation to BWP operation. WUS2 can be used to obtain pre-processing information before BWP switching for gNB to use. WUS2 needs to be sent on the new BWP mentioned above. WUP includes dynamic BWP switching information, which can indicate the active BWP after UE wakes up. 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.

The relation between WUS/WUP and BWP adaptation is further considered here, and the relation between DRX, WUS and BA timing mechanism is discussed in this section. For the BA (bandwidth adaptation) timing mechanism, when UE works in active BWP, it will start a timer; when the timer goes on, UE will switch from active BWP to a smaller PWS BWP, so as to achieve the purpose of power saving. When UE works in the period of DRX off duration, it may in a sleep state, PDCCH blind monitoring is not required at this time, thus the power consumption of working on active BWP is comparable as that working on PS BWP. So the BA timing of UE can be suspended during DRX off duration. On one hand such operation will not bring obvious power consumption, on the other hand such operation can increase the time that UE can stay in active BWP during the period of DRX off-duration. Once again into the DRX on-duration, UE will work directly in the active BWP, and avoid switching from PWS BWP to active BWP, and eliminate the time and power cost of BWP switching.
Proposal 15: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation to BWP operation.

Proposal 16: The relation between WUS/WUP and BWP adaptation should be studied carefully.
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. 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. 

If WUS and WUP/WUS2 are on the same carriers, both WUS and WUP/WUS2 are sent on the default primary CC. Furthermore, WUP can convey dynamic carrier switching indicator, which can indicate which carrier is activated after UE wakes up. If WUS and WUP/WUS2 are on different carriers, it is possible that WUS can be used to indicate the carrier where WUP is; For example, WUS is sent on the default primary CC, WUS also indicates the CC to be activated, and WUP is sent on the CC to be activated. In addition, Scell activation and deactivation should also be considered in combination with sCellDeactivationTimer.

Proposal 17: 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 18: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in UE processing.

Proposal 19: 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: A UE specific or a UE group specific PS signal (WUS) can be considered for NR release 16. 

Proposal 2: A new PS channel (WUP, Wake-Up PDCCH) can be considered for NR release 16.

Proposal 3: WUP can carry two kind information, one kind is information for normal transmission, and another kind is information for power saving function. 

Proposal 4: Location and time-frequency resources of WUS/WUP can be carefully studied.

Proposal 5: WUS can include WUS1 and WUS2, WUS1 can be a simple signal similar with WUS in eMTC/NB-LTE, and WUS2 can be the existing CSI-RS/TRS/SSB.
Proposal 6: A two-level PS signal/channel structure can be considered.

Proposal 7: A two-level PS signal/channel structure can consider the form of WUS1 + WUS2 /WUP.

Proposal 8: For the two-level PS signal/channel structure, WUS1 can be used to trigger WUS2 /WUP.

Proposal 9: The frequency of occurrence of the first level PS signal/channel is significantly higher 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: The relation between WUS/WUP and BWP adaptation should be studied carefully.

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

Proposal 18: Two level structure of WUS1 + WUS2/WUP can be used for triggering UE adaptation in UE processing.

Proposal 19: 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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