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1. Introductions
In RAN #80, the new Rel-16 study item on NR UE power saving was approved [1] with the following objectives
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) 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)
i. Network and/or UE assistance information

ii. Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme

b) Study the power saving signal/channel/procedure for triggering adaptation of UE  power consumption characteristics

2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]

3)  Study the enhancement of higher layer procedures for UE power saving   [RAN2]
a) Study the enhancement of  UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of  UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
In this contribution, we discuss the objective 1-a), i.e. UE adaptation to the traffic and UE power consumption characteristics in various domains in RRC CONNECTED mode. 
2. Discussion on UE adaptation in different domains
2.1. UE adaptation in time domain
For some popular services like wechat and web browsing and so on, there are large amount of PDCCH only monitoring cases where UE monitors PDCCH but no grant is for the UE. The total power consumption of PDCCH-only monitoring is even larger than the power consumption for PDCCH monitoring with valid grants. Therefore it is desired to reduce the PDCCH-only monitoring as much as possible. In Rel-15, the UE PDCCH monitoring, including CORESET(s), search space(s), CCE aggregation level(s), blind decoding candidate(s), DCI format(s) are configured by RRC signaling which cannot be adaptive to the real time traffic condition. DRX can also be configured to reduce the PDCCH-only monitoring for UE. However, it would be difficult to adapt the DRX pattern based on traffic as the configuration is given by RRC. Therefore it would be necessary to study the time domain UE adaptation mechanisms for more power efficient UE monitoring. Following areas may be studied.
· Adaptive PDCCH monitoring

Instead of RRC configuration, more adaptive PDCCH monitoring behavior based on traffic condition can be studied and supported if the power saving gain is justified. To support more adaptive PDCCH monitoring behavior, L1 or L2 signaling can be used to indicate the PDCCH monitoring related parameters, e.g. number of CORESET(s), search space periodicity, DCI format, number of CCE candidates and aggregation levels. 
“Wake-up” signal or “go-to-sleep” signal to trigger or stop the UE PDCCH monitoring can be studied. The L1 channel/signal used for “wake-up” or “go-to-sleep” functionality can be PDCCH based, or new L1 signal/channels. The PDCCH based solution (e.g. simplified PDCCH) can be considered as baseline while the new L1 signal/channels should be justified with significant power saving gain due to the amount of efforts expected. Two-step PDCCH, as discussed in Rel-14 NR study item, can 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. 
In Rel-15, the non-fall back DCI format for UL scheduling (format 0-1) and DL scheduling (format 1-1) are configured simultaneously, which means both formats are monitored by the UE if configured. However, in some cases, the traffic arrival rate between DL and UL are quite different. For example in VoIP use case, the encoded voice packet arrival rate is once per 20ms in UL and the SID packet arrival rate is once per 160ms in DL at the speaker side, thus the monitoring of both DL and UL non-fallback DCI with the same periodicity will double the UE blind decodes when the size of the two DCI formats are different. 
· DRX enhancements 
In Rel-15 NR and legacy LTE, DRX parameters are configured by network. Usually, there is only one set of DRX configure for the UE. More badly, there may be only one set of DRX configuration in practical network for all UEs. Actually, different traffics have different characteristics, which need different DRX parameters. 
Thus, some mechanism for DRX adaptation for services is beneficial for system resource efficiency and UE power consumption. For example, the UE can provide some preference on DRX configuration for different services. Or on the other hand, network can configure multiple sets of DRX parameters. UE can adapt the DRX configuration based on the service or UE mobility state, or network can active different DRX configuration based on the current scheduling information. This dynamic DRX configuration/adaptation will match the chance to monitor PDCCH at UE side, which has benefit for UE power consumption. 
Proposal 1: Following time domain UE adaptation mechanisms are beneficial and can be studied. 
· Adaptive PDCCH monitoring parameter configuration

· “wake-up” and/or “go-to-sleep” signaling

· Decoupling the DCI format 0-1 and 1-1 monitoring

· DRX enhancements
2.2. UE adaptation in frequency domain

· Bandwidth part switching
In Rel-15, dynamic bandwidth part switching is specified for UE power saving purpose, the dynamic bandwidth part switching is triggered by either DCI signaling or timer. Up to 3ms retuning time is allowed [1] when UE switches to a different BWP, due to bandwidth and/or center frequency change with or without SCS change. Such transition time may be too pessimistic considering typical BWP switch for power saving purpose is just bandwidth change but without center frequency or SCS change. It would be nice to define a shorter retuning time for this case so that the throughput during BWP switching can be improved.
· Scell activation/deactivation
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.
Proposal 2: Followings frequency domain UE adaptation mechanisms are beneficial and can be studied
· Faster BWP switching
· Faster Scell activation/deactivation and the related aperiodic triggering of tracking RS. 
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 1 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 1 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


Proposal 3: Adaptation of number of Rx and Tx antennas at the UE side is beneficial and the signaling procedures can be studied. 
2.4. UE adaptation of processing timeline

Baseline and aggressive processing timeline are specified in Rel-15, the aggressive timeline is supported by high-end UEs to satisfy the stringent latency requirement for URLLC, or enhanced throughput for eMBB. However, to support aggressive processing timeline, UE has to use more baseband processors which increase the power consumption. Therefore if network configures the aggressive scheduling and HARQ timeline based on the reported UE capability regardless of service requirement, UE will suffer from unnecessary high power consumption. Some mechanisms to enable the processing timeline adaptation based on the traffic demand would be beneficial. 
Proposal 4: Mechanisms to enable the processing timeline adaptation based on the traffic demand is beneficial.  
2.5. UE assistant information
Typically UE 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. 
Proposal 5: UE assistant information can be beneficial for the network to trigger the UE adaptation and should be studied. 
3. Conclusion

In this contribution, we discussed the UE adaptation to the traffic and UE power consumption characteristics in various domains in RRC CONNECTED mode, and have following proposals:
Proposal 1: Following time domain UE adaptation mechanisms are beneficial and can be studied. 

· Adaptive PDCCH monitoring parameter configuration

· “wake-up” and/or “go-to-sleep” signaling

· Decoupling the DCI format 0-1 and 1-1 monitoring

· DRX enhancements
Proposal 2: Followings frequency domain UE adaptation mechanisms are beneficial and can be studied

· Faster BWP switching
· Faster Scell activation/deactivation and the related aperiodic triggering of tracking RS. 
Proposal 3: Adaptation of number of Rx and Tx antennas at the UE side is beneficial and the signaling procedures can be studied. 

Proposal 4: Mechanisms to enable the processing timeline adaptation based on the traffic demand is beneficial.  
Proposal 5: UE assistant information can be beneficial for the network to trigger the UE adaptation and should be studied. 
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