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Introduction
In RAN1 #94bis [1], the following were agreed: 
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 evolution 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

Power consumption aspects and associated components are discussed in [2]. This contribution is an update to [3] and considers candidate procedure/signal/channel for UE power savings including: 
· NW-triggered adaptation procedure with UE assistance information
· UE-triggered adaptation procedure
· Power saving signal/channel
NW-triggered Adaptation with UE assistance information
In Rel-15, a NW can trigger an adaptation of configurations for transmissions/receptions by a UE for a variety of reasons. The gNB is aware of the traffic for a UE and associated data rate and latency requirements and can accordingly provide to the UE configurations for radio resources including BWP, number of SCells, transmission/reception rank, etc. Moreover, the NW is aware of the UE channel condition and buffer status through Rel-15 mechanisms such as buffer status report, power headroom report, RSRP/RSRQ report, and CSI report. Similar design approaches can be used for adaptation of transmission/reception configurations for power saving purposes. For example, based on periodic reporting of some metrics (similar to periodic CSI), a gNB can trigger reporting of more detailed information (similar to aperiodic CSI) in order to determine an adaptation of various configurations. For example, based on periodic reporting for a request for adaptation by the UE (similar to SR), the gNB can trigger a PUSCH transmission where the UE can report detailed information (similar to BSR) for adaptation of configurations. Alternatively, the reporting from the UE can be triggered, for example similar to a PH report, based on a condition related to the UE power status.



As discussed in [4], in order for a gNB to make informed decisions for adaptations of configurations to enable UE power savings, the gNB can request UE-assistance information. 



Figure 1: NW-triggered Adaptation Procedure with UE assistance information 

UE assistance information request
A procedure for UE-assisted adaptation request is shown in Figure 1. As for CSI-request, a field in a DCI format such as DCI format 0_1 or 1_1 can be used by a gNB to request a report from a UE for configuration assistance information. Such functionality is essentially supported since LTE Rel-8, for example through a CSI request. To avoid increasing a DCI format size, a MAC CE or RRC signaling can alternatively be used.
UE assistance feedback
Similar to periodic/semi-persistent CSI reports, the report for a configuration assistance information can be periodic/semi-persistent. Therefore, in case of a network-triggered adaptation procedure, Rel-15 mechanisms for CSI reporting can be used for a UE to provide configuration assistance information reports to a gNB and the study can focus on the information that needs to be included in the reports. As previously mentioned, instead of being periodic, a report can instead be triggered when a UE power status changes according to configured levels.
For UE power savings, the reported information from UE can be expanded to include other relevant information, such as
· UE battery status
· UE mobility status
· preferred system parameters configurations

NW adaptation request
Based on reception of the assistance information from the UE, the gNB can send an adaptation request (AR) for a set of transmission/reception configurations for the UE. 
UE Adaptation
UE receives the AR from power saving signals/channels discussed in Section 4. 
· In response to a dynamic AR form L1: UE applies adaptation request after correctly detecting the AR from L1 power saving channel. The adaptation on associated parameters is valid until reconfiguration.
· In response to higher layer AR: to avoid a misunderstanding between the gNB and the UE on the configurations, a timing for the applicability of the configurations needs to be defined. As a configuration can include turning on antennas, the timing may not be same as the PDSCH processing timing and can depend on each specific configuration or can be determined by a maximum timing corresponding to one of the configurations.
Proposal 1: Study the UE adaptation procedure for adaptation request from a serving gNB with assistance information from UE.

UE-triggered Adaptation Procedure
From a UE power saving perspective, it is preferable for a UE to turn on its RF and baseband as needed according to real-time channel condition and traffic demand. Compared with a gNB, a UE is immediately aware of its mobility/battery status and changes on link characteristics for each antenna. These factors make the UE more capable of making an accurate adaptation request for a configuration of parameters in order to increase power savings. For some parameters, such as for example the number of receiver antennas, it may even not be possible for the gNB to determine a reconfiguration without UE assistance information (unlike, for example, for an active BWP) as the gNB may not know the RSRP for each antenna (e.g. the signal path to some antennas may be blocked). Also, in some cases, the study can consider adaptations that are left to UE implementation without informing the gNB, primarily in order to reduce latency.
For UE-triggered adaptation, a UE can send the AR to the gNB. The principle is again similar to a UE providing a PHR or a SR/BSR in Rel-15. The AR transmission from a UE can be periodic (e.g. similar to SR) or aperiodic (e.g. similar to BSR). It is noted that LTE Rel-14 already incorporates a type of UE assistance information through the OverheatingAssistance that requests a gNB to reduce the UL/DL UE category or reduce the number of UL/DL SCells when the UE has an issue with overheating. RAN2 will define a similar feature for NR in Rel-15. Then, the same concept can be extended in general to power savings and study can focus on the type of information provided by the UE (e.g. preferred number of Rx antennas) and on whether L1 or higher layer signaling is more appropriate.

3.1 Periodic adaptation request 
Periodic adaptation request can be useful to address gradual changes on link characteristics that affect power efficiency. A procedure for periodic AR is shown in Figure 3.

A UE can transmit an AR periodically to indicate a positive or negative AR (similar to SR) or to directly indicate its preference for a UE-specific configuration of radio resources, antenna ports, etc. (similar to periodic CSI). The gNB can then either provide an acknowledgement (ACK/NACK) or indicate a configuration in response to the AR reception. 


Figure 3: UE-triggered Adaptation Procedure: periodic adaptation
Proposal 2: Study UE-triggered configuration adaptation mechanisms using transmission of a periodic adaptation request from a UE.

3.2 Triggered adaptation request
Triggered adaptation request can be useful to address abrupt changes on link characteristics that affect power efficiency or to obtain more detailed configuration information than from a periodic request (e.g. similar to triggered CSI reports vs. periodic CSI reports or BSR vs. SR). For example, the principle can be similar to the OverheatingAssistance message in LTE Rel-14. For example, a UE can include detailed AR information in a PUSCH (similar to BSR) after the UE transmits a positive AR in a PUCCH (similar to SR) or directly in a first PUSCH transmission of a TB similar to PHR. The procedure for triggered transmission of an adaptation request for transmission/reception configurations from a UE is illustrated in Figure 4. 
A UE can send a 1-bit AR first (e.g. as for SR) and then wait for PUSCH grant to transmit detailed configuration information for an AR (e.g. as for BSR). The gNB can reply either with an acknowledgement (ACK/NACK), if a corresponding channel is defined, or with an indication of the actual configuration information.
To avoid a misunderstanding between the gNB and the UE on the configuration information, a timing for the applicability of the configuration information needs to be defined. 


Figure 4: UE-triggered Adaptation Procedure: triggered adaptation
Proposal 3: Study UE-triggered configuration adaptation mechanisms using transmission of a triggered adaptation request from a UE.

Discussion on Power Saving Signal/Channel
In the following, the power saving signal/channels to deliver an adaptation request (AR) either from UE or gNB are considered. The content of AR is to indicate an adaptation for certain UE power consumption aspects/domains, such as BWP, PDCCH decoding candidates or search space sets, PDCCH monitoring periodicity, number of receiver antennas, etc.

4.1 Power saving signal/channel in DL
According to different adaptation requirements, such as signal size, UE detection complexity/processing time, NW transmission overhead, and effective duration, three types of power saving signal/channel in the DL are given in Table 1.
Table 1: Trade-offs for power saving signal options in the DL
	Options
	Signal size
	Detection complexity/
Processing time
	NW transmission 
overhead
	Effective Duration

	RS based 
	1-2bits
	Negligible
	small
	No limit

	DCI based
	2~upper bound
	Small
	moderate
	No limit

	Higher layer based
	>= lower bound
	Moderate
	large
	Timer based



RS based power saving signal

Due to the limited amount of information that can be provided, the main functionality of a RS-based solution can be to indicate switching among power saving states, such as
· deep sleep
· light sleep
· micro sleep
· wake-up/active state

Considering the overhead on network signaling and false-alarm at UE, the corresponding L1 Channel can be
Option1): SSS-like cell-specific reference signal 
Option 2): CSI-like UE-group specific reference signal
Option 3): DMRS-like UE-specific reference signal

Metrics for evaluation include
· False alarm and missed detection probabilities
· Overhead
· UE multiplexing support
· Power consumption cost and power savings benefits

DCI based power saving signal
Due to the flexibility of PDCCH monitoring configuration, the functionality of DCI-based power saving signal can be: 
1)  Dynamic scaling on adaptive parameters, such as
· for associated parameter with an adaptation range (e.g. PDCCH monitoring periodicity), 1 bit power saving signal can indicate to double/decrease the value by half.
· for associated parameter with values from a predefined set (e.g. C-DRX cycle/incivility timer), 1 bit can indicate the next larger/smaller value to adapt to.
· for associated parameter with on/off states (e.g. subset of SCell/UE antennas/BWP), the power saving single can be to indicate the activation or deactivation state.
2)  Dynamic signaling of joint adaptation
The power saving signal can carry the index to a predefined or semi-static configuration table, which is associated with parameters encoded jointly across one or multiple power consumption domains.

Use of a PDCCH/DCI format as a power saving signal is well defined, but metrics for evaluation can still include
· Overhead analysis
· Power consumption cost and power savings benefits

Higher layer based power saving signal
MAC-CE or RRC based higher layer signaling can be considered for adaptation of UE functionalities that may not require fast update such as a maximum number of layers, a number of active cells, a number of TX/RX antennas, etc.  

Table 2 shows an example for the semi-static joint adaptation table in frequency/spatial domain, while Table 3 shows an example for the semi-static joint adaptation table. 
[bookmark: _GoBack]
Table 2: Joint adaptation table in frequency/spatial domain
	Index
	Active SCells
	Active BWP
	Number of UE antennas

	0
	{Cell1, Cell2}
	{BWP1 in Cell1, BWP2 Cell2}
	1

	1
	{Cell1, Cell2}
	{BWP3 in Cell1, BWP4 in Cell2}
	2

	2
	{Cell3, Cell4}
	{BWP1 in Cell3, BWP2 in Cell4}
	1

	…
	…
	…
	…



Table 3: Joint adaptation table in time domain
	Index
	PDCCH monitoring periodicity
	WUS monitoring periodicity/CDRX cycle
	Inactivity timer
from C-DRX
	Minimum scheduling delay (N0/N2)

	0
	4ms
	80ms
	40ms
	2ms

	1
	8ms
	160ms
	80ms
	4ms

	…
	…
	…
	…
	…



Proposal 4: Study power saving signal/channel for triggering adaptation on transmission/reception configurations for a UE, focusing on
· evaluation of trade-offs among different options
· feasibility and performance aspects

4.2 Power saving signal/channel in UL
Depending on the information to deliver from a UE, the functionalities of a power saving signal/channel in the UL can be:
· Adaptation request indicator: to indicate a request for an adaptation of transmission/reception parameters (similar to a SR).
· Implicit adaptation request: UE can sends preferred configuration for transmission/reception parameters. For example, UE sends preferred configuration on SCells/BWP/antennas.
· UE assistance information report: to include more assistance information to enable the gNB to decide on the adaptation configuration (similar to BSR or CSI report). 
· Direct adaptation request: to be a direct adaptation request (similar to the OverheatingAssistance message in LTE Rel-14). For example, UE can send an index to indicate the adapted configuration from a list of system configuration table across multiple power consumption domains.

For periodic UE-triggered adaptation or UE assistance information report, a UE-dedicated PUCCH resource set can be used similar to SR or periodic CSI reporting. 

For triggered UE adaptation, the configuration information can be included in a MAC CE similar to a BSR or as for the OverheatingAssistance message in LTE Rel-14.

Proposal 5: Study signal/channel mechanisms for a UE to support UE-triggered adaptation and assistance information report.

Conclusions
This contribution considered UE adaptation approaches for NR UE power savings and proposes the following:
Proposal 1: Study the UE adaptation procedure for adaptation request from a serving gNB with assistance information from UE.
Proposal 2: Study UE-triggered configuration adaptation mechanisms using transmission of a periodic adaptation request from a UE.
Proposal 3: Study UE-triggered configuration adaptation mechanisms using transmission of a triggered adaptation request from a UE.
Proposal 4: Study power saving signal/channel for triggering adaptation on transmission/reception configurations for a UE, focusing on
· evaluation of trade-offs among different options
· feasibility and performance aspects
Proposal 5: Study signal/channel mechanisms for a UE to support UE-triggered adaptation and assistance information report.
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