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Introduction
In RAN1#94bis, some agreements were achieved for signal/channel used for triggering [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



Furthermore, candidate triggering schemes were listed without down-selection [1].
	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



This contribution only focuses on time domain schemes.
[bookmark: _Ref494215420]
Time domain schemes
Generally, time domain schemes can be categorized as DRX related schemes and PDCCH monitoring related schemes. DRX related schemes mainly include UE processing relevant to DRX configuration. PDCCH monitoring related schemes mainly include UE monitoring PDCCH not relevant to DRX configuration.

DRX related schemes
As mentioned in some companies’ contributions, e.g. [2], R15 NR DRX is well defined for traffic adaptation, such as timers and MAC CE commands. 
In R15 NR, target of DRX is to let UE cool down the receiver in inactive time. As an example, DRX configuration is applied across CCs in CA to keep UE low power for all active CCs. Using terminology of power consumption modeling, the intention of DRX is to keep UE in deep-sleep state while matching traffic characteristic.
Observation 1: The intention of DRX is to keep UE in deep-sleep state while matching traffic characteristic.

Pre-wakeup for sync issue
Unfriendly for DRX mechanism, UE has to pre-wakeup for sync before DRX on-duration. This issue was also discussed in TRS topic in R15 NR. The conclusion in RAN1#90bis was made that it is left to gNB implementation.
	Conclusion:
Periodic SS burst and periodic TRS burst can be arranged such that the UE can utilize one SS burst and one TRS burst for AGC adjustment and T/F tracking before DRX ON
No further specification impact may be necessary



In fact, the sync issue is not solved and then aperiodic TRS was introduced to mitigate the sync issue. In our view, it also causes issue of UE power consumption.
When the last occasion of SSB or periodic TRS before DRX on-duration is far away from the beginning of DRX on-duration, UE should stay in micro-sleep state until DRX on-duration starts. In power modeling, micro-sleep was defined as:
· Immediate transition is assumed for power saving study purpose from or to a non-sleep state.
Transition time between micro-sleep to PDCCH monitoring can be zero. To achieve zero transition time, UE should maintain the sync to network in micro-sleep state, since there is no SSB/P-TRS between the last occasion of SSB or P-TRS PDCCH monitoring. Hence, in our view, UE should stay in micro-sleep state after pre-wakeup, which is power consumed.
Observation 2: UE should stay in micro-sleep state after pre-wakeup, which is power consumed.

The following figure shows power consumption related to the pre-wakeup procedure with micro-sleep.

Figure 1: Power consumption related to the pre-wakeup procedure with micro-sleep
From above figure, it can be observed that the power consumption related to the pre-wake-up procedure could be: 
450+100+40*N_sleep
where N_sleep is the slots number in micro-sleep state.
Observation 3: UE power consumption in pre-wakeup procedure mainly depends on the slots number in micro-sleep state.

Arranging SSB or P-TRS
One straightforward way to reduce micro-sleep time after pre-wakeup is to plan SSB or P-TRS close to the beginning of DRX on-duration. However, SSB is cell specific and P-TRS is group common, while DRX configuration is UE specific. For instance, {periodicity, offset} of DRX cycle of UE 1 is {40ms, 10ms}, and {periodicity, offset} of DRX cycle of UE 2 is {40ms, 20ms}, and SSB periodicity is 20ms, in this case, SSB is always close to DRX on-duration of UE 1, and far away from DRX on-duration of UE 2. 
If P-TRS is applied in example mention above, {periodicity, offset} of P-TRS of UE 1 can be {40ms, 5ms}, and {periodicity, offset} of P-TRS of UE 2 can be {40ms, 15ms}, and thereby P-TRS can be equally close to DRX on-duration of UE 1 and UE 2. However, per-UE configuration of P-TRS will cause large overhead of network resource. This issue will be worse for multi beam deployment, since P-TRS may be different for different beam.
Observation 4: Arranging SSB or P-TRS may be inefficient.

“Empty” DRX on-duration issue
It was reported in [3] that a number of DRX on-durations does not contain any grant PDCCH in some scenarios. DRX on-duration containing no grant PDCCH can be regarded as “empty” DRX on-duration, which is an extreme case of “PDCCH-only”. In this case, power is significantly consumed.
If a “wakeup signal” (WUS) is introduced, both “pre-wakeup for sync” issue and “empty DRX on-duration” issue can be alleviated. WUS occurs close to the beginning of DRX on-duration only if DRX on-duration is not empty. In this way, UE behavior could be defined as follows.
· If UE detects WUS successfully, UE will perform sync with WUS, and then monitor PDCCH in DRX on-duration;
· If UE detect WUS unsuccessfully, UE will neglect DRX on-duration.
Proposal 1: Wakeup signal can be studied, which is a sync RS and a trigger of enabling DRX on-duration.

Pre-wakeup for beam/CSI measurement
It was reported in [4] that UE should pre-wakeup for beam measurement before DRX on-duration, in order to reconstruct beam correspondence. It was reported in [2] that UE should pre-wakeup for CSI measurement before DRX on-duration, in order to prepare for the CSI reporting.
Observation 5: UE may pre-wakeup for beam/CSI measurement.

It was proposed in [5] to define a pre-wakeup window containing TRS and CSI-RS for beam management. However, as mentioned above, we have a concern on overhead. If CSI-RS for beam management is configured in group common way, the pre-wakeup window can be implemented by gNB following R15 NR Spec. To achieve per-UE configured CSI-RS for beam management, AP-CSI-RS can be considered. Likewise, AP-CSI-RS can be considered for CSI measurement.
Proposal 2: AP-CSI-RS can be studied for pre-wakeup for beam/CSI measurement.

PDCCH monitoring related schemes
Cross-slot scheduling
Cross-slot scheduling could be enhanced in some companies’ contributions [5] [6].
Case of all K0>0
If table of time domain resource allocation is configured with all K0 values larger than 0, there could be some potential enhancements. 

PDSCH buffering
If all K0 values are larger than 0, UE does not need to buffer PDSCH. Otherwise, UE needs to buffer PDSCH symbols within PDCCH decoding process. It is almost common understanding that there is additional power consumption coming from PDSCH buffering. But this seems no standard impact.
Observation 6: The additional power consumption comes from PDSCH buffering. But this seems no standard impact.

Furthermore, if PDCCH monitoring periodicity is not too large, e.g. one slot, UE still needs to monitor PDCCH frequently. In our view, in this case UE should not enter micro sleep or light sleep state. Hence, the power saving gain may be limited.
Observation 7: If PDCCH monitoring periodicity is not too large, the power saving gain may be limited.

New UE behavior regarding all K0>0
It is almost common understanding that behavior of UE after receiving grant for all K0>0 case can be changed for purpose of UE power saving. For example, if UE receives grant at slot n with a K0 greater than zero, UE should assume that there is no new grant between slot n and slot n+K0-1, and consequently UE can choose to enter micro-sleep state from PDCCH decoding complete to starting of slot n+K0 [6]. In this way, power consumption from PDCCH decoding complete to starting of slot n+K0 can be reduced significantly. 
For example, UE monitors PDCCH per slot, and all K0 are 4 in the table. R15 UE should monitor PDCCH in slot n+1, slot n+2, slot n+3, and slot n+4. Besides, R15 UE should buffer PDSCH in each slot. The following figure shows R15 UE behavior.


Figure 2: R15 UE behavior
Power saving UE should only monitor PDCCH in slot n+4. Power saving UE should not buffer PDSCH in slot n, slot n+1, slot n+2, and slot n+3. The following figure shows behavior of  power saving UE.

[bookmark: _GoBack]
Figure 3: Behavior of power saving UE 
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]According to the power modeling defined from RAN1 #94bis, the power consumption for R15 UE and power saving UE can be evaluated as follows.
 PR15_UE = 100*5 + 45*4 = 680 (power units),
Ppower_saving_UE = 70 + 45*4 + 100 = 350 (power units),
where power consumption of PDCCH without PDSCH buffer is assumed as 70, since power of cross-slot scheduling is 0.7x same-slot scheduling. There could be nearly 50% power saving gain in this example.
Observation 8: Power saving gain is obvious for new behaviour of UE regarding all K0>0, when K0 is large.

Therefore, we have the following proposal.
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Proposal 3: New behaviour of UE regarding all K0>0 can be studied.

Conclusion
We have the following proposals.
Proposal 1: Wakeup signal can be studied, which is a sync RS and a trigger of enabling DRX on-duration.
Proposal 2: AP-CSI-RS can be studied for pre-wakeup for beam/CSI measurement.
Proposal 3: New behaviour of UE regarding all K0>0 can be studied.
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