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1. Introductions
In RAN1 NR AdHoc 1901, the UE adaptation to the traffic and power consumption characteristics and the triggering method were discussed. Several potential UE adaptation options for time/frequency/antenna/processing timeline domains and the related triggering method have been identified. Some of the agreement is shown in the following sections.  
In this contribution, we will further discuss the detailed procedures of UE adaptation options in RRC connected mode for power saving purpose, together with the triggering methods. The UE assisted information is also discussed. 
2. Discussion on UE adaptation in different domains
2.1. UE adaptation in time domain

2.1.1 Adaptive PDCCH monitoring

It was agreed in last meeting that:
	The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,

· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling

· Power saving signal triggering PDCCH monitoring

· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping
· DCI based indication for PDCCH skipping (e.g., indication in DCI content, new SFI state).

· L1 signal/signaling (other than DCI) based triggering 
· Multiple CORESET/search space configurations 

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 

· Dynamic/semi-persistent CORESET/search space ON/OFF

· Adaptation between DRX ONduration timer and inactivitytimer

· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding 

· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)

· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding 


The following two mechanisms are proposed to be considered to adapt PDCCH monitoring behavior for UE power saving.  
· Dynamic switching of PDCCH monitoring configurations by DCI indication
The procedures are as follows:

· Multiple PDCCH monitoring configurations including PDCCH monitoring periodicities are configured to UE by RRC signaling.

· DCI (non-scheduling DCI and/or scheduling DCI) activates one of multiple PDCCH monitoring configurations. 
· UE monitors PDCCH according to the power saving PDCCH which activates one of multiple PDCCH monitoring configurations.

· DCI explicit indication of PDCCH monitoring configurations within a periodicity
The procedures are as follows:

· UE is configured to monitor power saving DCI (non-scheduling DCI) by RRC signaling, e.g. periodically monitoring power saving DCI
· The power saving DCI explicitly indicates PDCCH monitoring configurations, e.g. PDCCH occasions within the periodicity. 
· UE monitors PDCCH within the periodicity according to the indication from the power saving DCI.
In [1], we provided system level simulations for these two schemes compared to the Rel-15 baseline, i.e. RRC configured PDCCH monitoring, with or without C-DRX. The observation and proposals are as the following. Details of simulation methodology and results can be referred in [1].
Observation 1: For gaming traffic, enhanced PDCCH monitoring adaptation schemes can provide large power saving benefit with similar or tolerable packet delay loss.
Observation 2: For FTP traffic, enhanced PDCCH monitoring adaptation schemes can provide large power saving benefit with tolerable packet delay loss. The power saving gain for high SINR UEs are higher than low SINR UEs.
Proposal 1: At least one of the following enhanced PDCCH monitoring adaptation schemes are adopted for Rel-16 UE power saving:
· Dynamic switching of PDCCH monitoring configurations by DCI indication

· Multiple PDCCH monitoring configurations including PDCCH monitoring periodicities are configured to UE by RRC signaling.

· DCI (non-scheduling DCI and/or scheduling DCI) activates one of multiple PDCCH monitoring configurations. 

· UE monitors PDCCH according to the power saving PDCCH which activates one of multiple PDCCH monitoring configurations.

· DCI explicit indication of PDCCH monitoring configurations within a periodicity
· UE is configured to monitor power saving DCI (non-scheduling DCI) by RRC signaling, e.g. periodically monitoring power saving DCI 
· The power saving DCI explicitly indicates PDCCH monitoring configurations, e.g. PDCCH occasions within the periodicity. 
· UE monitors PDCCH within the periodicity according to the indication from the power saving DCI.
2.1.2 Power saving signal/channel triggering UE adaptation to DRX operation
The following was agreed in last meeting:
	The power saving scheme of power saving signal/channel triggering UE adaptation to DRX operation is to configure the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival.   UE is not required to wake up at the DRX ON at least for PDCCH monitoring if the power saving signal is not detected.   The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption.   

For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction

· When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wakeup or not before or at the beginning of DRX ON duration

· At least for the indication of PDCCH monitoring
· Preparation period is used for (e.g., to perform channel tracking, CSI measurements, beam tracking). 

· Preparation period can be used in preparation for the PDCCH decoding

· Preparation period could be before or during the DRX ON duration

· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 

· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period

· Go-to-sleep signaling as the indication allowing UE going back to sleep state

· MAC-CE 

· DCI 

· Power saving signal/channel

· Constraints on scheduling DCI during DRX_ON


If the power saving signal/channel is configured for UEs with C-DRX, whether UE is required to monitor power saving signal/channel before DRX on duration need to be discussed
· Alt 1: UE is required to monitor power saving signal/channel before DRX on duration
· Alt 1-1: WUS is a L1 channel, e.g. PDCCH

This requires UE to do additional PDCCH monitoring outside UE DRX on duration, which is a new requirement for UE. The PDCCH based power saving channel may be used to adapt UE PDCCH monitoring behavior, e.g. PDCCH monitoring periodicity, DRX parameters. In order to minimize the power consumption due to additional PDCCH monitoring before DRX on duration, the BD/CCE channel estimation for power saving channel should be simpler than normal PDCCH monitoring

· Alt 1-2: WUS is a L1 signal, e.g. CSI-RS or new signal

This requires UE to do additional signal processing outside UE DRX on duration. Signal processing can be simpler than regular PDCCH monitor. Power saving signal can provide limited information, e.g. whether the coming DRX on duration is skipped or not, compared PDCCH like power saving channel.
· Alt 2: UE is not required to monitor power saving signal/channel before DRX on duration, only power saving signal/channel within DRX on duration can be used to adapt UE PDCCH monitoring behavior
· Alt 2-1: UE can assume some reference signal (e.g. for channel tracking) present before DRX on duration
In this case, gNB shall make sure the reference signal is transmitted within a window before DRX on duration, it is up to UE whether to use the reference signal within the window, or not.  Such window may not be specified explicitly and can be derived by the UE based on the configuration or DRX pattern and reference signal position. 
· Alt 2-2: UE cannot assume any signal (except SSB) outside DRX on duration
gNB does not  need to make sure the reference signal is transmitted before DRX on duration.
Proposal 2: If the power saving signal/channel is configured for UEs with C-DRX, whether UE is required to monitor power saving signal/channel before DRX on duration need to be discussed. Capture the above alternatives in the TR and details to be decided in WI phase. 
· Alt 1: UE is required to monitor power saving signal/channel before DRX on duration

· Alt 1-1: WUS is a L1 channel, e.g. PDCCH

This requires UE to do additional PDCCH monitoring outside UE DRX on duration, which is a new requirement for UE. 
· Alt 1-2: WUS is a L1 signal, e.g. CSI-RS or new signal

This requires UE to do additional signal processing outside UE DRX on duration. 
· Alt 2: UE is not required to monitor power saving signal/channel before DRX on duration, only power saving signal/channel within DRX on duration can be used to adapt UE PDCCH monitoring behavior
· Alt 2-1: UE can assume some reference signal (e.g. for channel tracking) present before DRX on duration

In this case, gNB shall make sure the reference signal is transmitted within a window before DRX on duration, it is up to UE whether to use the reference signal within the window, or not.  
· Alt 2-1: UE cannot assume any signal (except SSB) outside DRX on duration

gNB does not  need to make sure the reference signal is transmitted before DRX on duration.
2.1.3 Adaptation of CORSET/search space configuration –HARQ-ACK based indication
In RAN1 #95 meeting, it is agreed that [2]:
	Agreements:

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,

· Multiple CORESET/search space configurations

· Configuration of different PDCCH periodicities with dynamic signaling

· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication


The procedure of Adaptation of CORSET/search space configuration –HARQ-ACK based indication is as follows:

· Network configures some PDCCH monitoring occasions for potential retransmission next to the semi-persistent scheduling occasions
· SPS (semi-persistent scheduling) for VoIP is used.

· The configured PDCCH occasions are monitored by UE only when the latest semi-persistent scheduling for DL data is not decoded successfully. 

In [1], simulation results show that:

Observation 3: For VoIP, power saving gain of adaptation of CORSET/search space configuration –HARQ-ACK based indication (UE monitoring of PDCCH search space for retransmission triggered by decoding failure of SPS PDSCH) is about 20%, with no packet delay loss.
Proposal 3: Capture the following procedures for adaptation of CORSET/search space configuration –HARQ-ACK based indication in the TR.
· Network configures some PDCCH monitoring occasions for potential retransmission next to the semi-persistent scheduling occasions

· SPS (semi-persistent scheduling) for VoIP is used.

· The configured PDCCH occasions are monitored by UE only when the latest semi-persistent scheduling for DL data is not decoded successfully. 

2.1.4 Adaptation between DRX ONduration timer and inactivitytimer
In RAN1 #95 meeting, it is agreed that [2]:
	Agreements:

The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,

· Multiple CORESET/search space configurations

· Adaptation between DRX ONduration timer and inactivitytimer


The procedure of adaptation between DRX ONduration timer and inactivitytimer is as follows:
· When onDurationTimer is running, the first set of PDCCH monitoring occasions with a longer periodicity (e.g., 10 slots) configured by e.g., RRC signaling, can be used. 
· Once PDCCH indicating a new transmission is received, i.e., InactivityTimer is started, the second set of PDCCH monitoring occasions with a shorter periodicity (e.g., 1 slot) are activated automatically. 
· The 2nd set of PDCCH monitoring occasions with shorter periodicity is configured in advance, by e.g. RRC signaling, and is automatically activated/triggered when InactivityTimer is started. 


[image: image1.emf]t

PDCCH monitoring 

occasions

ONDURATION

CDRX cycle

PDCCH 

received

DRX inactivity timer


Figure 1: PDCCH monitoring adaptation between DRX ONduration timer and inactivitytimer
In [1], simulation results show that:
Observation 4: For ftp model 3, power saving gain of PDCCH monitoring adaptation between DRX ONduration timer and inactivitytimer is 5%-50%, with tolerable packet delay loss.
Proposal 4: Capture the following procedures for adaptation between DRX ONduration timer and inactivitytimer in the TR. 
· When onDurationTimer is running, the first set of PDCCH monitoring occasions with a longer periodicity configured by e.g., RRC signaling, can be used. 

· Once PDCCH indicating a new transmission is received, i.e., InactivityTimer is started, the 2nd set of PDCCH monitoring occasions with a shorter periodicity are activated automatically. 

· The 2nd set of PDCCH monitoring occasions with shorter periodicity is configured in advance, by e.g. RRC signaling, and is automatically activated/triggered when InactivityTimer is started. 

2.2. UE adaptation in frequency domain

Similar as in LTE, Scell activation/deactivation based on MAC CE is specified in NR Rel-15. However, due to the removal of CRS and sparse SSB transmission in time, the Scell activation time is much longer than the LTE case. Even in the best case (i.e. Scell is known and the measurement cycle is less than 160ms), the activation delay is [3ms+ 1* TSMTC_SCell +2ms], which means one SMTC periodicity plus 5ms. Such long activation delay has negative impact on the Scell activation operation and the UE throughput and may increase the total UE activity time thus consume more UE power. It is therefore proposed to study faster Scell activation/deactivation with potential aperiodic triggering of tracking reference signal.
Aperiodic TRS has already been agreed in Rel-15. From signaling perspective, it has already been supported to trigger a TRS in the deactivated cell. But the corresponding time line is not well defined to trigger an aperiodic TRS on a deactivated cell. There are at least the following behavior that needs to be further clarified

· UE would ignore the DCI triggered aperiodic TRS on a deactivated SCell beore MAC CE activation of the SCell;
· UE is only expected to receive a DCI triggering aperiodic TRS on a SCell after the ACK/NACK of the MAC CE activating the SCell;
There are also some other ways to consider for triggering TRS for UE to measure during Scell activation procedure:
· Together with the activation of the SCell, the network could include in the corresponding MAC CE message the A-TRS triggering information for UE to measure in the deactivated SCell.
Proposal 5: Consider the following ways to facilitate UE measurement of aperiodic TRS on deactivated SCell:
· Define the UE behavior and timeline of DCI triggered aperiodic TRS on deactivated SCell

· Aperiodic TRS is triggered by the same MAC CE message that activates the SCell.
Scell dormant state was introduced in LTE for UE power saving, in which UE does not monitor PDCCH but maintain CQI measurements on the dormant Scell. In NR, since the PDCCH monitoring behavior is already flexibly configured, it is possible to configure a long PDCCH monitoring periodicity (e.g. >10ms) with reduced number of blind decodes for an activated Scell, which means the key benefit of dormant Scell, i.e. reduced PDCCH monitoring can already be achieved in activated Scell state. Furthermore, if adaptive PDCCH monitoring as mentioned is supported, the efficient transition between power efficient behavior and regular monitoring behavior for an activated Scell can be enabled. Therefore, the dormant Scell state as introduced in LTE does not seems to be necessary in NR. 
Observation 5: The Scell dormant state as introduced in LTE does not seems necessary for NR UE power saving. 
2.3. UE adaptation in antenna domain

In Rel-15, for NR Bands n7, n38, n41, n77, n78, and n79 the UE shall be equipped with 4Rx ports as a baseline but UE is allowed to use 2Rx in RRC IDLE mode. 
The NR Rel-15 PDCCH link performance is evaluated and shown in figure 2 and table 1, with evaluation assumptions listed in Table 2. Considering the UE SNR distribution in dense urban and indoor scenarios as shown in table 2 (referring to the 3GPP calibration results for IMT-2020 submission), the observation is as the following
· More than 80% UEs in dense urban scenario has good coverage with PDCCH AL=2, if 2Rx is used

· More than 50% UEs in indoor scenario has good coverage with PDCCH AL=4, if 2Rx is used
For these UEs, if there is no high data rate requirement, 2Rx would be sufficient for data delivery in RRC connected mode. So it is beneficial to allow UE to fallback to 2 Rx for power saving purpose. Some signaling procedure would need to be studied to guarantee that no ambiguity between gNB and UE about the assumption of number of used Rx chains. Similar study can be performed in the UL as well. 
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Figure 2: NR PDCCH link performance with 2RX/4Rx
Table 1: SNR for 1% BLER

	Test case
	AL2-2Rx 
	AL2-4Rx
	AL4-2Rx
	AL4-4Rx
	AL8-2Rx
	AL8-4Rx
	AL16-2Rx
	AL16-4Rx

	SNR@1% BLER
(dB)
	6.82 
	1.67 
	1.26 
	-2.63
	-2.96
	-6.05
	-6.40
	-8.91


Table 2: simulation assumption for NR PDCCH link performance

	SCS
(KHz) 
	DCI Format
	CORESET
RB
	Payload
	CORESET time duration
	AL
	CCE-to-REG 
Mapping
	REG bundle
size
	Propagation
condition
	Antenna configuration with 2Rx
	Antenna configuration with 4Rx

	15
	1_1
	48
	50
	2
	8
	Non-interleaved
	6
	TDL-C, 300ns, 100Hz
	2x2 Low
	2x4 Low


Table 3: 5/10/50%-percentile UE SNR (calibration results for IMT-2020 submission, 4GHz frequency)
	Deployment scenario
	Dense Urban 
	Indoor 

	5% percentile-UE SNR
	2.2   dB
	-3.11 dB

	10% percentile-UE SNR
	4.09 dB
	-2.23 dB

	20% percentile-UE SNR
	6.97 dB
	-1.03 dB

	50% percentile-UE SNR
	14.89dB
	2.42 dB


To save power, gNB can configure the Rx antenna number/maximum number of MIMO layers, e.g., by RRC signaling to UE. For example, gNB configures that the Rx antenna number for UE is 2, when the channel condition of this UE is good enough. Then UE can activate only 2 Rx antenna to receive signaling and data. Besides, UE can provide some preference on Rx antenna number to gNB. For example, when UE finds that its channel condition is good and its traffic QoS can be met by 2Rx, then UE can provide to gNB that it prefers 2Rx. 
In [1], simulation results show that for gaming traffic, power saving gain of adaptation to number of antenna is 6%-30%, with no packet delay loss.
The similar procedure can also happen to maximum number of MIMO layers. If a maximum number of MIMO layers is configured to UE, UE will not expect to receive MIMO layers higher than the maximum number of MIMO layers. Then UE can operate at a lower clock frequency and/or load less memory buffer and thus save power.

Observation 6: Adaptation of number of Rx and Tx antennas at the UE side is beneficial. 
Proposal 6: Capture in TR the following procedures of adaptation of number of Rx and Tx antennas at the UE side.

· gNB configures the antenna number/maximum number of MIMO layers to UE, e.g., by RRC signaling.

· UE adapts the antenna number/maximum number of MIMO layers according to RRC signaling.
· The UE can provide some preference on antenna number/maximum number of MIMO layers to gNB.
2.4. UE adaptation of processing timeline: Cross-slot scheduling
Cross-slot scheduling is discussed in last meeting. According to the simulation in [1], for ftp model 3, cross-slot scheduling can provide 18%-29% power saving benefit with similar or tolerable packet delay loss, compared with same-slot scheduling.
Observation 7: For ftp model 3, cross-slot scheduling can provide 18%-29% power saving benefit with similar or tolerable packet delay loss, compared with same-slot scheduling.
2.5. UE assistant information
It is agreed in last meeting that:
	The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation

· UE preferred processing timeline parameters, e.g., K0, K1, K2 values

· UE preferred BWP information/configuration

· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information

· UE assistance/feedback on the DRX configurations/parameters

· UE preferred BWP provided to assist network in BWP switching

· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding


UE may has more accurate information on the service requirement and traffic characteristics, therefore for the above mentioned UE adaptation mechanisms, some UE assistant information would be beneficial for the network to trigger the UE adaptation properly. 
For time domain adaptation, UE could report to the network the recommended PDCCH monitoring parameter, e.g. periodicity, or preferred DRX patterns. For frequency domain adaptation, UE could report to the network the recommended bandwidth and number of carriers. For antenna domain adaptation, UE could report the preferred number of active Tx or Rx antennas. For processing timeline adaptation, UE could report the preferred timeline configuration.  
In [1], simulation results for UE assistant information show that:

Observation 8:
For ftp model 3, power saving gain of UE reporting preferred CDRX configuration is 4%-80%, with tolerable packet delay loss.
For gaming traffic, power saving gain of UE reporting preferred BWP is 9%-45%, with no packet delay loss.
For gaming traffic, UE reporting preferred PDCCH monitoring parameters can achieve up to 85% power saving gain while the delay requirement of gaming (60ms) can still be fulfilled.
The assistant information to facilitate UE adaptation can be reported to the network individually for each domain (e.g. time/frequency/antenna, etc). Alternatively, the UE assistant information can be designed such that the parameters for different domains are jointly reported from the UE by a concept of “UE power profile”. In this case the exact parameter associated with each UE power profile can be configured by the network and UE only need to report a preferred UE power profile index. Such design has merits in reduce the signaling overhead as well as avoiding the potential inconsistent assistant information among different parameters. 
Table 4: Example of “UE power profile” based assistant information
	
	PDCCH monitoring behavior
	BWP size
	Num of Tx/Rx antennas
	Minimum k0/k1/k2
	…

	UE power profile #1
	
	
	
	
	

	UE power profile #2
	
	
	
	
	

	UE power profile #3
	
	
	
	
	

	UE power profile #4
	
	
	
	
	


Proposal 7: UE assistant information based on “UE power profile” can be beneficial for network to trigger the UE adaptation for power saving. Accordingly, network can configure power saving schemes/parameters by means of “UE power profile”.
2.6. Triggering method for UE adaptation to traffic
As discussed above, UE can be triggered to adapt to receiving characteristics in time/frequency/spatial domain, etc. The signaling methods should be studied for triggering of these UE adaptations. Depending on the expected signaling delay, the adaptation can be signaled by physical layer or higher layers signaling.
Sequence based triggering
As specified for Rel-15 NB-IoT/eMTC wake up signal, sequence based signaling can also be considered to trigger the adaptation of power consumption characteristics for NR. SSS-like sequence and CSI-RS are mentioned in [2].

SSS-like sequence is one candidate solution, which can be considered as a new signal. Its multiplexing with existing channels and signals, e.g. PDSCH/PDCCH, CSI-RS, etc., should be defined if SSS-like sequence is introduced. 

CSI-RS is already existing signal, and the multiplexing rule with other channels has already been defined in Rel-15. However, CSI-RS for power saving purpose may be different with the existing CSI-RS configuration, thus additional overhead is needed.
Besides, it is also possible for sequence based signaling to delivery fewer bits like PBCH-DMRS, in which 3 bits can be delivered. In this case, miss-detection performance will be increased and multiple correlation operation is needed. If two much bits are transmitted in a sequence, the sequence based scheme may lose the advantage of better performance and lower complexity, since the number of sequence candidate will be increased exponentially, and the detection threshold should be higher at the same time, which lead to degraded miss-detection performance. Due to the low capacity of sequence based signal, the sequence for power saving is unlikely to be group-common. Instead, UE-specific manner is more reasonable if sequence based triggering is introduced.

PDCCH based triggering
PDCCH can be used to trigger the UE from the power efficient operation to a normal monitoring operation (i.e. full monitoring). The design should allow the UE to monitor PDCCH based triggering signaling with lower complexity and power consumption compared to the full monitoring. Therefore, the blind decoding of UE to monitor the PDCCH based triggering signaling should be minimized. Two-step DCI, as discussed in Rel-15 NR study item, can also be considered as a way for PDCCH based monitoring adaptation, where the first step DCI is used to trigger/stop the UE monitoring of the second step DCI. Compared with sequence based signaling, more power consumption is needed for PDCCH decoding even if blind decoding is not considered, since channel estimation, detection, and polar decoding is needed for one blind decoding attempt.

Note that if only few bits are conveyed through DCI and padded to 12bits, the DCI decoding can also be considered as sequence detection. For example, if only 2 bits are transmitted in DCI, UE can be aware of all 4 candidate coded bit sequences, and get the 4 candidate modulated symbols based on the RNTI (for CRC attachment and scrambling), and AL. Thus, UE can treat the PDCCH decoding as sequence detection, like PBCH-DMRS blind detection. Similar to the sequence based triggering, only correlation is needed at receiver for power saving, the models like channel estimation, detection, polar decoding is not involved. This specific PDCCH format is named as ‘DCI sequence’ in this contribution. 

Similar to the discussion in sequence based scheme, if PDCCH only contains a few number of bits, it is more likely to be UE specific. When more bits are delivered and UE decode the PDCCH through decoding, PDCCH can be transmitted in group common manner.
MAC layer signaling triggering
MAC layer signaling can also be considered to trigger the UE adaptation in a faster time scale compared with the RRC reconfiguration which was supported in Rel-15. The performance of MAC layer signaling could be guaranteed since retransmission is allowed. . Nevertheless, the delay may be higher than PDCCH and sequence based scheme, especially when retransmission is need.

RRC signaling triggering
For some semi-static adaptation, e.g., at least for adaptation to number of Rx antennas and/or maximum number of DL MIMO layers, RRC signaling triggering is also one candidate. It is more robust due to retransmissions but it has longer delay than other candidates. 

In this section, the performance of sequence based signaling and PDCCH based signaling are evaluated, the simulation results are shown in Fig.3. The simulation parameters are given in Appendix.
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Figure 3: Performance of PDCCH based and sequence based power saving signal.
As illustrated in Figure.3, the performance of sequence based signaling can achieve better performance compared with PDCCH. However, the PDCCH based signaling can also deliver more bits (at least 12 bits) compared with sequence based signaling. When only one or two bits is conveyed through PDCCH, the performance of DCI sequence is much better than the PDCCH detected through polar decoding with the same aggregation level(AL=2). Besides, if more bits is transmitted through sequence, the performance will get worse.

As mentioned in [3], in addition to the dectection performance, the detection complexity, overhead, capacity, co-existance with existing signals/channels and delay also need to be considered for power saving signal and channel. Based on the disscussion above, the pros and cons of the potential power saving signals/channels are given in Table 4.
Table 4: Comparison of different kinds of power saving channel/signal
	Schemes
	Performance
	Complexity
	Overhead
	Coexistence/

Multiplexing
	Capacity (number of bits delivered)
	Delay

	SSS-like
	Good
	Good
	Low
	Bad
	Fewer
	Low

	CSI-RS
	Good
	Good
	Good
	Normal
	Fewer
	Low

	PDCCH channel
	Normal
	High
	Normal
	Good
	More
	Low

	PDCCH-DCI sequence
	Good
	Low
	Low
	Good
	Fewer
	Low

	MAC-CE
	Normal
	High
	High
	Normal
	More
	High

	Note: PDCCH channel means PDCCH is decoded through polar decoding. DCI sequence means PDCCH is detected through sequence detection, no polar code decoding is involved.


Based on the above discussion and simulation results, PDCCH is more flexible if more information bits need to be conveyed through power saving signal to trigger UE adapting to different kinds of characteristics. On the other hand, if only a few bits is need to transmitted, PDCCH can be detected through sequence detection, in this case, the lower power consumption due to simple receiver structure can also be obtained. 
Observation 9: PDCCH has the flexibility to deliver more bits to adapt to different power saving characteristics, and achieve the comparable performance and complexity compared with sequence based power saving signal.
It is worth noting all the above signaling can be based on existing Rel-15 signaling or new signaling. However, it is needed to first clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling. 
Proposal 8: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.
3. Conclusion

In this contribution, we discussed some detailed procedures for UE adaptation to the traffic and UE power consumption characteristics in various domains together with triggering methods in RRC CONNECTED mode, and have following observation and proposals. The considerations on power saving study item conclusion is in [4].
Observation 1: For gaming traffic, enhanced PDCCH monitoring adaptation schemes can provide large power saving benefit with similar or tolerable packet delay loss.
Observation 2: For FTP traffic, enhanced PDCCH monitoring adaptation schemes can provide large power saving benefit with tolerable packet delay loss. The power saving gain for high SINR UEs are higher than low SINR UEs.
Proposal 1: At least one of the following enhanced PDCCH monitoring adaptation schemes are adopted for Rel-16 UE power saving:

· Dynamic switching of PDCCH monitoring configurations by DCI indication

· Multiple PDCCH monitoring configurations including PDCCH monitoring periodicities are configured to UE by RRC signaling.

· DCI (non-scheduling DCI and/or scheduling DCI) activates one of multiple PDCCH monitoring configurations. 

· UE monitors PDCCH according to the power saving PDCCH which activates one of multiple PDCCH monitoring configurations.

· DCI explicit indication of PDCCH monitoring configurations within a periodicity
· UE is configured to monitor power saving DCI (non-scheduling DCI) by RRC signaling, e.g. periodically monitoring power saving DCI 
· The power saving DCI explicitly indicates PDCCH monitoring configurations, e.g. PDCCH occasions within the periodicity. 
· UE monitors PDCCH within the periodicity according to the indication from the power saving DCI.
Proposal 2: If the power saving signal/channel is configured for UEs with C-DRX, whether UE is required to monitor power saving signal/channel before DRX on duration need to be discussed. Capture the above alternatives in the TR and details to be decided in WI phase. 
· Alt 1: UE is required to monitor power saving signal/channel before DRX on duration

· Alt 1-1: WUS is a L1 channel, e.g. PDCCH

This requires UE to do additional PDCCH monitoring outside UE DRX on duration, which is a new requirement for UE. 
· Alt 1-2: WUS is a L1 signal, e.g. CSI-RS or new signal

This requires UE to do additional signal processing outside UE DRX on duration. 
· Alt 2: UE is not required to monitor power saving signal/channel before DRX on duration, only power saving signal/channel within DRX on duration can be used to adapt UE PDCCH monitoring behavior
· Alt 2-1: UE can assume some reference signal (e.g. for channel tracking) present before DRX on duration

In this case, gNB shall make sure the reference signal is transmitted within a window before DRX on duration, it is up to UE whether to use the reference signal within the window, or not.  
· Alt 2-1: UE cannot assume any signal (except SSB) outside DRX on duration

gNB does not  need to make sure the reference signal is transmitted before DRX on duration.
Observation 3: For VoIP, power saving gain of adaptation of CORSET/search space configuration –HARQ-ACK based indication (UE monitoring of PDCCH search space for retransmission triggered by decoding failure of SPS PDSCH) is about 20%, with no packet delay loss.
Proposal 3: Capture the following procedures for adaptation of CORSET/search space configuration –HARQ-ACK based indication in the TR.
· Network configures some PDCCH monitoring occasions for potential retransmission next to the semi-persistent scheduling occasions

· SPS (semi-persistent scheduling) for VoIP is used.

· The configured PDCCH occasions are monitored by UE only when the latest semi-persistent scheduling for DL data is not decoded successfully. 

Observation 4: For ftp model 3, power saving gain of PDCCH monitoring adaptation between DRX ONduration timer and inactivitytimer is 5%-50%, with tolerable packet delay loss.
Proposal 4: Capture the following procedures for adaptation between DRX ONduration timer and inactivitytimer in the TR. 
· When onDurationTimer is running, the first set of PDCCH monitoring occasions with a longer periodicity configured by e.g., RRC signaling, can be used. 

· Once PDCCH indicating a new transmission is received, i.e., InactivityTimer is started, the 2nd set of PDCCH monitoring occasions with a shorter periodicity are activated automatically. 

· The 2nd set of PDCCH monitoring occasions with shorter periodicity is configured in advance, by e.g. RRC signaling, and is automatically activated/triggered when InactivityTimer is started. 
Proposal 5: Consider the following ways to facilitate UE measurement of aperiodic TRS on deactivated SCell:

· Define the UE behavior and timeline of DCI triggered aperiodic TRS on deactivated SCell

· Aperiodic TRS is triggered by the same MAC CE message that activates the SCell.
Observation 5: The Scell dormant state as introduced in LTE does not seems necessary for NR UE power saving.
Observation 6: Adaptation of number of Rx and Tx antennas at the UE side is beneficial. 
Proposal 6: Capture in TR the following procedures of adaptation of number of Rx and Tx antennas at the UE side.

· gNB configures the antenna number/maximum number of MIMO layers to UE, e.g., by RRC signaling.

· UE adapts the antenna number/maximum number of MIMO layers according to RRC signaling.
· The UE can provide some preference on antenna number/maximum number of MIMO layers to gNB.
Observation 7: For ftp model 3, cross-slot scheduling can provide 18%-29% power saving benefit with similar or tolerable packet delay loss, compared with same-slot scheduling.
Observation 8:
· For ftp model 3, power saving gain of UE reporting preferred CDRX configuration is 4%-80%, with tolerable packet delay loss.
· For gaming traffic, power saving gain of UE reporting preferred BWP is 9%-45%, with no packet delay loss.
· For gaming traffic, UE reporting preferred PDCCH monitoring parameters can achieve up to 85% power saving gain while the delay requirement of gaming (60ms) can still be fulfilled.
Proposal 7: UE assistant information based on “UE power profile” can be beneficial for network to trigger the UE adaptation for power saving. Accordingly, network can configure power saving schemes/parameters by means of “UE power profile”.

Observation 9: PDCCH has the flexibility to deliver more bits to adapt to different power saving characteristics, and achieve the comparable performance and complexity compared with sequence based power saving signal.
Proposal 8: First clarify the UE adaptation schemes with details, and then evaluate the suitable power saving channel/signaling for the clarified UE adaptation schemes, considering the number of bits to be delivered by the channel/signaling.
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