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Introduction
As captured in SID [1], one of objectives is to study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics.
	· Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
· Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving
(Note: existing UE capabilities are assumed for UE processing timeline)
· Network and/or UE assistance information
· Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
· Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics



This contribution focuses on triggering adaptation for UE power saving.
[bookmark: _Ref494215420]
Discussion

UE power consumption states
There could be some typical states of UE power consumption, which are briefly summarized as follows. It should be noted that the following table is not the same as modeling of UE power consumption for evaluation. 
Table 1: Brief summary of the typical states of UE power consumption
	
	Description
	R15 NR

	Deep sleep
	It can be regarded as DRX-OFF state except WUS detection, if WUS is introduced.
It can be regarded as DRX-OFF state, if WUS is not introduced.
	Support

	Light sleep
	It can be regarded as a state for WUS detection in DRX-OFF state, if WUS is introduced.
It is not available, if WUS is introduced.
	Not support

	Measurement
	This state may include SSB processing and CSI/TRS processing.
SSB processing includes SSB based RRM measurement (including L1 measurement) and synchronization processing* (including QCL estimation).
CSI/TRS processing includes CSI-RS based RRM measurement (including L1 measurement) and CSI-RS/TRS based synchronization processing* (including QCL estimation).
	Support

	PDCCH-only**
	It can be regarded as the state that UE performs PDCCH processing and no PDSCH is scheduled for a given slot.
	Support 

	PDCCH/PDSCH**
	It can be regarded as the state that UE processes PDCCH and PDSCH during a given slot.
	Support


* Note: synchronization processing may take place with RRM measurement and defined in standard-transparent way, which was discussed and captured in the following conclusion of RAN1#90bis. 
	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


** Note: PDCCH-only state is a statistic for a sequence of slots, which does not mean the power consumption in a slot, as well as PDCCH/PDSCH state.

Idle-mode
As mentioned in our companion contribution [2], the following enhancement could be introduced in R16 to reduce power consumption in idle-mode:
· WUS could be introduced in idle-mode to change (paging) PDCCH-only state to light sleep state.
· Power consumption of measurement state could be reduced by RRM measurement relaxation with the aid of WUS.
The following figure shows how WUS changes PDCCH-only state to light sleep state.

Figure 1: Illustration for WUS changing PDCCH-only state to light sleep state in idle-mode
Hence, in idle-mode, WUS can be regarded as a network triggering for UE power saving.
Observation 1: WUS can be regarded as a network triggering for UE power saving for idle-mode.

Connected-mode
We can discuss the power consumption optimization in connected-mode from the typical UE power consumption states, such as light sleep state, RRM measurement state, PDCCH-only state and PDCCH/PDSCH state. 

Light sleep state
Optimization of light sleep state in connected-mode is related to WUS, similar as that in idle-mode.
Whether WUS can be introduced in connected-mode
Light sleep state is directly related to WUS. In our view, introduction of WUS in connected-mode should be further justified for the following reasons.
· For broadcast PDCCH/PDSCH,
· Paging monitoring is significantly reduced in connected-mode, e.g., 
· SIB1 can be received in unicast PDSCH, which means “SI update” message may be unnecessary for connected-mode UE.
· Incoming-call message is sent in unicast PDSCH as voice traffic. The paging message to be received by connected-mode UE seems only “short message” for warning-like usage.
· For unicast PDCCH/PDSCH,
· WUS overhead may not be affordable for fromnetwork perspective, since WUS may carry UE information, e.g. UE ID.
· After WUS successful detection, delay due to “warming-up” may not be tolerable for connected-mode UE. 
Therefore, we have the following observation.
Observation 2: WUS (or equivalently light sleep state) may not be feasible for connected-mode.

RRM measurement state
RRM measurement relaxation is straightforward solution of optimization of RRM measurement state, which could be supported in idle-mode. But it should be argued that whether it should be supported in connected-mode. 
Whether RRM measurement can be relaxed in connected-mode
RRM measurement relaxation needs the aid of WUS, since RRM measurement relaxation implies synchronization relaxation. In context of synchronization relaxation, if UE is woken up by WUS just before PO, UE has to rely on WUS to fast re-synchronize to network to detect PDCCH. As mentioned in Section 2.3.1.1, WUS may not be feasible in connected-mode, so RRM measurement relaxation may also not be feasible in connected-mode.
Observation 3: RRM measurement relaxation may not be feasible for connected-mode.

In addition, RRM measurement in connected-mode is controlled by dedicated RRC signaling, including SMTC and measurement gap etc. In other words, it could be up to gNB implementation to optimize RRM measurement for a given connected-mode UE.
Observation 4: Optimization of RRM measurement in connected-mode could be up to gNB implementation.

PDCCH-only state
We prefer to change PDCCH-only state to light sleep state in idle-mode. But it is questionable whether we can introduce light sleep state in connected-mode. In this section, we discuss this issue.

Definition of micro sleep state
As mentioned above, if we want to optimize “PDCCH-only state”, some other state could be introduced, e.g. “micro sleep state”. In micro sleep state, a connected-mode UE may only monitor PDCCH with reduced BD/CCE or with sparse monitoring occasions.


Figure 2: Illustration for micro sleep state in connected-mode
Proposal 1: Micro sleep state can be defined in connected-mode in which UE has low complexity on PDCCH monitoring.

Transition related to micro sleep state
Regarding transition related to micro sleep state, we may define a transition as “entering micro sleep state”, which means UE in DRX-ON enters micro sleep state. Entering micro sleep state can be called as “Go-To-Sleep” indication. 
As well, we should define a transition as “leaving micro sleep state”, which means UE in DRX-ON leaves micro sleep state. Leaving micro sleep state can be called as “Wake Up” indication.
In CDRX-ON, entering/leaving micro sleep state can be triggered by MAC PDU or DCI, since RRC signalling has too large latency.
The network triggering method for entering/leaving micro sleep state can be studied the following factors:
· Miss detection rate: 
· For entering micro sleep state, miss detection may cause UE keeping monitoring the normal PDCCH in CDRX-ON. 
· For leaving micro sleep state, miss detection may cause UE keeping monitoring the low-complexity PDCCH, which may result in miss grant from gNB. In this case, MAC PDU may be better.
· False alarm rate: 
· For entering micro sleep state, false alarm may cause UE wrongly changing to monitoring the low-complexity PDCCH, which may result in miss grant from gNB. In this sense, MAC PDU may be better.
· For leaving micro sleep state, false alarm may cause UE wrongly changing to monitoring the normal PDCCH in CDRX-ON.
· Latency of transition: 
· For entering micro sleep state, large latency may cause UE still keeping monitoring the normal PDCCH in CDRX-ON for a while. 
· For leaving micro sleep state, large latency may cause UE not monitoring the normal PDCCH in CDRX-ON in time, which may result in miss grant from gNB. In this sense, MAC PDU may be better.
· Overhead: Overhead of signalling may cause additional power consumption. MAC PDU has larger overhead than DCI.
To exploit more details, we suggest further studying above factors.
Proposal 2: Entering/leaving micro sleep can be triggered by MAC PDU or DCI, and details of network triggering may depend on the following factors:
· Miss detection rate.
· False alarm rate.
· Latency of transition.
· Overhead.

PDCCH/PDSCH state
In our view, power consumption in PDCCH/PDSCH state takes large portion of power consumption in connected-mode. It is general view that the following factors that impact power consumption for PDCCH/PDSCH state.
· Antenna number
· PDCCH blind decoding
· Bandwidth of BWP
· DRX-ON duration
The problem is that almost all above factors can be configured by gNB. Whether these are left to gNB implementation or have standard impact should be studied.
Proposal 3: Factors for optimization of PDCCH/PDSCH state should be studied.
· Antenna number.
· PDCCH blind decoding.
· Bandwidth of BWP.
· DRX-ON duration.

Conclusion
We have the following proposals.
Proposal 1: Micro sleep state (or micro sleep state) can be defined in connected-mode in which UE has low complexity on PDCCH monitoring.
Proposal 2: Entering/leaving micro sleep can be triggered by MAC PDU or DCI, and details of network triggering may depend on the following factors:
· Miss detection rate.
· False alarm rate.
· Latency of transition.
· Overhead.
Proposal 3: Factors for optimization of PDCCH/PDSCH state should be studied.
· Antenna number.
· PDCCH blind decoding.
· Bandwidth of BWP.
· DRX-ON duration.
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