3GPP TSG RAN WG1 Meeting #95	           	R1-18113621
Spokane, US, November 12th – 16th, 2018

Agenda item:		7.2.9.2.2
Source:	Nokia, Nokia Shanghai Bell
Title:	On UE Power Saving Triggering Mechanisms
Document for:		Discussion and Decision
1	Introduction
[bookmark: _Hlk490150966][bookmark: _Hlk490165983]The following agreements related to UE power saving have been agreed in RAN1#94bis [1]:-
	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



In this contribution, the different aspects of triggering mechanisms, signals and channels are discussed.
2	Discussion on Power Saving Triggering Mechanisms and Requirements 
In this section, different UE power saving triggering mechanisms and requirements for triggering signal (i.e. signal or channel) for Rel-16 NR are discussed. 
[bookmark: _Hlk528760979]2.1 On Triggering Mechanisms
As discussed in previous RAN1-94bis meeting, it is highly important to firstly clarify the objectives/requirements/use-cases for UE power saving triggering adaptation in Rel-16. Based on this information, it is possible to derive what kind of information needs to be signalled for UE(s) as well as discuss further what kind of channels/signals are needed for UE power saving triggering in Rel-16. 
Table 1 summarizes UE power saving use cases/triggering states that have been identified for study in RAN1-94bis meeting. The list includes Rel-15 baseline schemes as well as considered new mechanisms. Rel-15 supports BWP adaptation mechanism to change the bandwidth (e.g. smaller to larger) that can be controlled by RRC signalling or PDCCH for downlink assignment or uplink grant by RRC signalling, or by the MAC entity upon initiation of Random Access procedure. [3GPP TS 38.321, sect. 5.15]. In our companion paper [2], details of BWP switching for UE power saving have been discussed. It is also good to note that in LTE, there exists different mechanism through UE assistance information to enable, as discussed in [2].
One of the configured BWPs can be a default BWP. If the bwp-InactivityTimer associated with the active DL BWP expires and if the default BWP is configured, the UE performs BWP switching to the default BWP. To support power saving the default BWP may be configured with:
· a narrower bandwidth compared to other BWP(s) used for data transmission and reception (frequency domain)
· scheduling offset between PDCCH carrying DCI and scheduled PDSCH k0 > 0 to allow micro-sleep (time domain)
· configuration of CORESET(s) and associated search space set(s) with less required blind decodes (less candidates per PDCCH occasion and PDCCH occasions with lower periodicity)

Observation 1: BWP concept and BWP switching provides Rel-15 baseline for frequency domain adaptation but also has in-built support for time domain power saving when UE is in default BWP. 

[bookmark: _Ref528672256]Table 1 Summary of different identified triggering states for UE power saving in RAN1-94bis.
	Triggering based on time-domain schemes 
	Triggering based on frequency-domain schemes
	Triggering based on hardware/processing/spatial domain schemes
	Triggering based on dynamic adaptation among multiple DRX configurations

	Wake-Up triggering indicates UE to start CORESET monitoring
	BWP adaptation (Rel-15)

	TX/RX antenna and and/or maximum number of MIMO layers and/or number of antenna panels
	Changing of DRX configuration for each dominant traffic type for few seconds

	Go-to-Sleep triggering indicates UE to enter back to DRX 
	CA (Scell dormancy (Rel-15)) and DC adaptation 

	Reduction of PDCCH monitoring (Rel-15); indication to change PDCCH monitoring behavior, e.g. skip/adapt to different PDCCH parameters
	
   
       -

	Cross-slot (Rel-15) and Multi-slot scheduling
	       -
	       -
	        -



Cross-slot scheduling is one of the Rel-15 baseline time domain schemes that provides UE power saving by configuring RRC-signalling all candidate values of K0 to be larger than 0 (otherwise micro sleep not allow) and selecting actual K0 via DCI leading DL assignment and scheduled DL data to be allocated into different slots. As a result of this, power saving for DL data can be obtained by allowing UE to enter into a micro-sleep between time instants associated with DL assignment and DL data. Even though power saving gains can be obtained for DL data (K0>0) cross-slot scheduling does still require PDCCH to be monitored.  Regarding to PDCCH monitoring, Rel-15 enables to adapt PDCCH monitoring parameters by RRC-signalling leading to UE power saving e.g. reducing the number of blind decodings candidates per PDCCH occasion and PDCCH occasions with lower periodicity. 
Observation 2: To enable efficient UE power saving by cross-slot scheduling for DL, all K0 candidate values need to be configured by RRC-signaling larger than 0. Otherwise, UE micro-sleep mode cannot be enabled.
Activation/deactivation of SCells is also one of the Rel-15 frequency domain mechanisms that enables to adapt the UE characteristics to the prevailing traffic conditions. Similar to BWP activation/deactivation, the Scell configured by RRC-signaling can be activated or deactivated by MAC-CE. Configured SCell can also be deactivated based on sCellDeactivationTimer expiry. Both mechanisms (BWP adaptation and SCell deactivation) are of course based on network operation (supported by UE assistance information), but also support autonomous adaptation to the traffic via inactivity timers.  

Observation 3: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings. 

Regarding to proposed mechanism for time-domain adaptation, both wake-up-signal and go-to-sleep use-cases can provide UE power saving gains by reducing need for PDCCH monitoring. Figure 1 shows an example of Wake-Up triggering signal. For Wake-Up signal triggering, PDCCH or RS based indication can be used as a trigger for UE to indicate whether it needs to monitor PDCCH for DL/UL scheduling grant or not. If there is no indication for UE, UE can enter back into sleep mode. Similar to Wake-Up signalling, PDCCH or RS based indication can be used as a triggering signal for Go-to-Sleep signal and enable UE to enter back to a sleep mode. From functional perspective, Go-to-Sleep can be seen as similar as Rel-15 DRX MAC CE command, i.e. stop drx-OnDurationTimer and drx-InactivityTimer. However, DRX MAC enables reduced dynamic behaviour in time with respect to physical layer signalling, e.g. PDCCH or RS. In comparison with cross-slot scheduling, both Wake-Up and Go-to-Sleep mechanism can obtain power saving by reducing both PDSCH and PDCCH as well as CSI measurements (except ones dedicated for RRM) and reporting.   
Observation 4: From functional perspective, Go-to-Sleep triggering can be seen as similar as Rel-15 DRX MAC CE command.
Observation 5: In comparison with cross-slot scheduling, both Wake-Up and Go-to-Sleep mechanism can obtain further power saving by reducing both PDSCH and PDCCH reception.   
[image: ]
[bookmark: _Ref528873586]Figure 1. An example of time domain based wake-up signal triggering mechanism.
Regarding to UE antenna panel activation/de-activation aspects for UE power saving, spatial domain UE power saving mechanisms can be seen very relevant for NR device operation, especially at FR2. This is due to ever increasing number of antenna elements and panels at UE side. To enable UE power saving in spatial domain, it would be beneficial to include UE panel awareness as part of different beam management procedures. Similar to different other triggering mechanisms, PDCCH or RS based triggering signal can be considered as antenna panel activation/de-activation triggering signal. Figure 2 shows an example of UE RX antenna panel triggering to activate and de-activate antenna panels.
Observation 6: Due to ever increasing number of antenna elements and panels at UE side, spatial domain UE power saving mechanisms can be considered to provide power saving gains. 
[image: ]
[bookmark: _Ref528878156]Figure 2 An example of spatial triggering mechanism to activate and de-activate UE antenna panels.
Based on the above discussions, from the perspective of UE power saving, latency and signaling overhead, it would be reasonable to enable multiple triggering mechanisms to operate jointly. To enable joint operation, a triggering signal (i.e. RS or channel) itself needs to provide support for multiple triggering states. Figure 3 shows an example of multiple triggering states for BWP adaptation. I.e. if indication is introduced to determine whether UE should monitor PDCCH during the onDuration, the same indication could be used to inform UE what is the desired BWP. E.g. if the expected amount of data is low (keep-alive etc.) there UE could stay at the default BWP (e.g. assumed to be narrow with k0>0), while if scheduler determines that amount of data is large, UE could be indicated to change the BWP which is wider (compared to the default BWP) or has K0=0 etc., to increase the available data rate. 

[bookmark: _GoBack][image: ]
[bookmark: _Ref528881471]Figure 3 An example of multiple triggering states for BWP adaptation. 

Observation 7: From perspective of UE power saving, latency and signaling overhead perspective, it would be reasonable to enable multiple triggering mechanisms to operate jointly.
Proposal 1: When considering the trigger based adaptation, enable support for multiple states with single indication.

2.2 On Requirements for Trigger 
In context of evaluation methodology it was agreed that:-
	Agreements:
<omitted>
· If a new signal/channel is introduced, performance, complexity, & overhead for reception of the signal/channel should be evaluated. If the new signal is used for detection, false alarm rate and misdetection rate should be evaluated.
<omitted>



To enable efficient integration of trigger, it is highly important that a trigger signal or channel can be supported with minimal overhead. Overhead is not necessarily related only to the resource utilization, but how efficiently the trigger can be multiplexed with other, existing signals. This can actually be more important factor when considering the resulted overhead from system perspective, than the actual number of REs required by the signal. As also evident, that while the UE monitoring occasions for the trigger can be seen as periodic, the actual presence of the trigger (signal or channel) is dynamic. 
Observation 8: It is highly important that trigger design for evaluations also accounts efficient multiplexed with existing channel and signal structures.
When considering the requirements for the trigger signal/channel, from Rel-16 specifications and implementations point of view, it would be beneficial that a triggering signalling could be based on existing Rel-15 based signals or channels. Furthermore, it would be useful if same signal/channel could be used as multi-purpose triggering signal in different use-cases.  
Observation 9: It would be beneficial that triggering signalling could be based on existing Rel-15 based signal or channel. 

Proposal 2: Efficient multiplexing of the trigger signal is prioritized over resource utilization in evaluation.
Proposal 3: Triggering based on existing Rel-15 based signal or channel is prioritized in the evaluation.

3	Conclusions
In this contribution, different triggering mechanisms for UE power saving have been considered. Based on the discussion, the following observations and proposals have been made in relation to triggering mechanisms in Section 2.1:
Observation 1: BWP concept and BWP switching provides Rel-15 baseline for frequency domain adaptation but also has in-built support for time domain power saving when UE is in default BWP. 
Observation 2: To enable efficient UE power saving by cross-slot scheduling for DL, all K0 candidate values need to be configured by RRC-signaling larger than 0. Otherwise, UE micro-sleep mode cannot be enabled.
Observation 3: SCells activation/deactivation can be used also to provide frequency domain adaptation to enable UE power savings. 

Observation 4: From functional perspective, Go-to-Sleep triggering can be seen as similar as Rel-15 DRX MAC CE command.
Observation 5: In comparison with cross-slot scheduling, both Wake-Up and Go-to-Sleep mechanism can obtain further power saving by reducing both PDSCH and PDCCH reception.   
Observation 6: Due to ever increasing number of antenna elements and panels at UE side, spatial domain UE power saving mechanisms can be considered to provide power saving gains. 
Observation 7: From perspective of UE power saving, latency and signaling overhead perspective, it would be reasonable to enable multiple triggering mechanisms to operate jointly.
Proposal 1: When considering the trigger based adaptation, enable support for multiple states with single indication.
Some further consideration for the requirements of the triggering signal/channel is presented in Section 2.2:-
Observation 8: It is highly important that trigger design for evaluations also accounts efficient multiplexed with existing channel and signal structures.
Observation 9: It would be beneficial that triggering signalling could be based on existing Rel-15 based signal or channel. 
Proposal 2: Efficient multiplexing of the trigger is signal is prioritized over resource utilization in evaluation.
Proposal 3: Triggering based on existing Rel-15 based signal or channel is prioritized in the evaluation.
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