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Conclusion:
· Mechanism, if introduced, for switching to/from power saving scheme(s) is to be discussed in the WI phase. 

UE Adaptation

[bookmark: _Toc655891]Adaptation to the variation in frequency
Additional results of the power saving schemes with UE adaptation in BWP switching and fast SCell activation/deactivation have been provided with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.   The additional results of power saving scheme with UE adaptation to the combination of BWP switching and fast SCell activation/deactivation had been shown.  

Agreements:
Update previous agreements as follows:

The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  

The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  

The UE power saving schemes for the UE adaptation in frequency domain in thefor further study are as follows, 

· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· The assistance may also include CSI measurements (UE supports and processes one BWP at a time)
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX
· UE assistance information could be considered
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Including cross carrier scheduling
· Power aAdaptation based on the operation in a group of cells in power efficient way
· Including group of cells in bundle operation
· CSI/RRM measurements and beam management at non-active SCell
· UE assistance information could be considered
· Including the combined operation with the BWP switching


Observation:
Rel-15 DCI and timer based BWP adaptation between full bandwidth and a narrow bandwidth can achieve power saving gain in the range [8.5% - 31%]. The power saving schemes with UE adaptation to BWP bandwidth show [16% - 45%] power saving gain if suitable BWP bandwidth is applied.  The power saving schemes with UE adaptation to BWP switching show the power saving gains ranged from [23% - 45%]  from the Rel-15 BWP opration without adaptation.   The higher power saving gain of [45%] comes from suitable BWP adaptation, e.g., selection of BWP based on UE assistance informaiton.  Smaller power saving of [8.5%] is provided from one source, assuming 15-ms CSI acquisition delay for the DCI triggering BWP adaptation.   The average latency increase of the power saving schemes is up to [4%].  One source showed that the power saving signal triggering BWP switching with additional RS for CSI measurements shows [25%-55%] power saving gains in relation to Rel-15 BWP adaptation with UPT improvement of [17%] and  [7-21%] overhead.  

Observation:
The power saving schemes for Scell operation show [12.36% - 67.33%] power saving gain if the baseline settings exhibit a large amount of PDCCH monitoring without data scheduling due to sporadic traffic or long data inactivity in SCell(s). Smaller power saving gain in the range of [1.82% - 13.82%] is observed for the case of less PDCCH monitoring without data scheduling in SCell(s). The average latency increase is in the range of [0.09% - 3.2%]. One source reports that the corresponding additional overhead in terms of DL resource usage is negligible.


[bookmark: _Toc655892]Adaptation to the variation in time 
Additional results of the power saving schemes with UE adaptation in cross slot scheduling, same slot scheduling and multi-slot scheduling have been provided with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.    The proposals of UE assistance informaitn for the preferred TDRA table could be considered in the UE adaptation to the cross-slot, same slot, and multi-slot scheduling.  

Agreements: 
Update previous agreements as follows:
The UE power saving schemes with UE adaptation to the traffic arrival in the time domain includes cross slot scheduling, single slot scheduling with a gap between PDCCH and PDSCH reception, and multi-slot scheduling.  For both cross-slot scheduling and single slot scheduling, the UE may achieve power consumption by switching to micro sleep after PDCCH reception.  For multi-slot scheduling, the UE may achieve power consumption by skipping the PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission. 

· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep after PDCCH reception – no addition PDSCH and CSI-RS signals reception within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and reduce the PDCCH processing in reducing UE power consumption 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing
· UE assistance information can be considered

· The general procedure for the study of the power saving scheme when cross-slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessilary long DRX cycle; detailed DRX cycle assumption can be found in each reference



· Same slot scheduling 
· Adaptation of TDRA configurations to achieve UE power saving – 
· ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· 
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table [5].
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· Power model for TDRA power saving scheme is the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot reported by the proposed scheme.
· UE assistance information can be considered

· The general procedure for the study of the power saving scheme when same slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any). 
· All schedulable TDRA values with K0=0 include at least Y symbols between the last PDCCH symbol and the first PDSCH symbol 
· Y is FFS 
· Note: the value of Y is necessary for power modelling in evaluation, although the specification (if specified) of Y value may also be done in the WI phase
· Note: in case there is a TDRA entry with K0>0, it is assumed that the gap between the last PDCCH symbol in a first slot and the first PDSCH symbol in a second slot is no less than Y
· All aperiodic CSI-RS triggering offsets are greater than Y symbols 
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values




· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.   

Observation:
· The power saving schemes with cross slot scheduling show [X% - 25.4 %] power saving gain and UPT degradation [ %,  % ] for minimum K0= 1, [% - %] power saving gain and UPT degradation [ %,  % ] for 1< minimum K0 < 4  and [5% - 6%] power saving gain for minimum K0 >= 4 and UPT degradation up to [%].  When [minimum K0>1], the power saving gain decreases and UPT degrades as the K0 increases.   Smaller power saving gain in the range [0% - 1.1%] is observed when the amount of PDCCH monitoring without data scheduling is limited because of high scheduling activity or going to DRX OFF by MAC-CE.  The average latency increase is up to [4%] if minimum K0 value is less than 4 and C-DRX is assumed. Larger latency increases up to [30%] is observed for larger minimum K0 values or C-DRX is not applied. 
· The power saving schemes with same slot scheduling show by one source [15%-17%] power saving gain for small data using evaluations, and by another source [16%-30%] power saving gain for small data using numerical analysis, such as the instant message or VoIP traffic.   [93%] overhead increase is observed for the instant message.   For large data, such as FTP traffic, one source shows power saving gain of [-5.9%] and [55%] latency incease and [100%] overhead increase  due to the longer PDSCH transmission and reception time that is used to compensate the reduced PDSCH symbol number in a slot.  It is noted that there is no consensus on the power model of same slot scheduling.    
· For the power saving schemes with multi-slot scheduling, [21.6% - 38.1%]  power saving gain and [30-70%] UPT degradation are shown in combination of PDCCH monitoring reduction.  The other source shows [0.65% - 1.9%] power saving gain. 


[bookmark: _Toc655893]Adaptation to number of antenna 

Additional results of the power saving schemes with UE adaptation to the antenna configuration have been provided with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.  There are proposals in adding the procedure of UE adaptation to number of antenna configuration with the system simulation results with negligible system performance degradation and acceptable overhead when  system operation compensates the performance lose by the reducing number of antenna, such as increasing the PDCCH AL level.  The general procedure in adding the procedures is proposed.  
Agreements
The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or maximal number of MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. This may be done with potential UE assistance information. The dynamic approach may also be associated with a transition time, a timer, etc.

Observation:
The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to [20-30%] power saving gain for the dynamic antenna adaptation and up to [20%] for the semi-static antenna adaptation with some impact to the system performance, such as [4%] latency increase for dynamic antanna adaptation,  when reduced antenna operation is used mainly during periods of low scheduling activity and additional network resources are used for the compensation of the loss of multi-antenna processing gain.  It was shown by one source that there is a corresponding [10%-58%] UPT degradation for the RRC configured antenna reduction without adaptation for FTP traffic. It is noted that with a set of simulation assumptions (such as traffic model and SCS) not aligned with the agreed ones for evaluation, it was observed by one source that the negative power saving gain and latency up to [760 %] over Rel-15 4Rx antenna for the RRC configured antenna reduction without adaptation for FTP traffic was observed. It was observed by one source that the resulting additional overhead in terms of DL resource usage for the dynamic antenna adaptation is up to [2%]. 






[bookmark: _Toc655894]Adaptation to DRX operation
Additional results of the power saving schemes with UE adaptation to the DRX operation and dynamic DRX configuraiton have been provided with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.  The additional procedure in relation to the indication of the DRX operation when mulitiple DRX configurations are configured are included with semi-static and dynamic indication.  

Proposal:

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 in the 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 and/or transmit SRS 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


· Dynamic DRX configuration including  at least the following,  
· UE is configured with multiple DRX configurations
· Including dynamic and semi-static indication of the DRX configurations
· Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility) 
· UE assistance information may be considered
· Adaptive parameters setting of one DRX configuration 
· UE assistance information may be considered
· DRX parameters are indicated by gNB
· Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)
Observation: 
· The power saving schemes with UE adaptation to the DRX operation include UE adaptation of its behavior to the DRX operation, and dynamic DRX configuration. Based on the evaluation, the schemes of power saving signal/channel triggering wake-up for CDRX show power saving gain in a range of [8% - 50%] comparing to the baseline with the agreed C-DRX reference configuration. The latency increase/UPT degradation is in the range of [0% - ??%]/[%, %]. It is shown the power saving gain tends to be higher when the C-DRX cycle is shorter, but it is smaller when C-DRX ON duration is shortened, For longer C-DRX cycle and/or high traffic load, smaller gain in the range of [??% - ??%] is observed. The power saving gain shown by the power saving signal/channel triggering UE adapation to the DRX operation has very little dependency on the assumed power consumption level of the power saving signal/channel.
· Additional gain [4% 10 %] of the power saving scheme with UE adaptation to the DRX operation with the help of the preparation period is observed on top of the power saving gain from UE wake-up by power saving signal/channel. The corresponding additional overhead was not reported and summarized. The corresponding system impact (if any) was not analysed and summarized. 
· Dynamic DRX configuration schemes show power saving gain in the range of [40% - 60%] with latency increase  [95% ]. When the DRX configuration and/or parameters are closely adapted to the traffic type, high power saving gain is observed. One source shows the power saving gain [% , %] over the agreed baseline with Rel-15 DRX configuration selection adapt to the traffic with suitable short DRX. 




[bookmark: _Toc655896]Adaptation to achieve reducing PDCCH monitoring/decoding
Additional results of the power saving schemes with UE adaptation in achieving reducing PDCCH monitoring have been provided with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.    Additional procedures in achieving PDCCH monitoring reduction are proposed.  

Proposal: 

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
· Reducing 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  -
· Indicated by timer for both PCell and SCell
· Multiple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· E.g., Indication by DCI
· 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
· CORESET configuration associated with SPS/configured grant occassion 
· Association with periodic measurements
· 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 



Observation:
The power saving schemes for reducing PDCCH monitoring shows [0.5%-85%] power saving gains with different detailed schemes comparing to the assumed baseline scheme of Rel-15 PDCCH monitoring for the purpose of evaluation, although each of the different detailed schemes offers various power saving gains. Lower power saving gains [0.5-15%] were observed for the continuous traffic.   High power saving gains [50-85%] were observed for sporadic traffic arrival.  This comes at the expense of reduced UPT throughput in the range of [xx-yy%], and increased latency in the range of [??-??%] (which does not necessarily result in exceeding the corresponding delay budget). This also comes at the expense of additional overhead in the range of [??-??%] in terms of DL resource usage.


Proposed 
Observation:
PDCCH monitoring periodicity configurations can be dynamically adapted based on explicit/implicit signaling, and works with or without C-DRX.  The power saving gain over the agreed baseline in the range of [5% ~ 68%] is observed, with latency increase in the range of [0.5% ~ 20%] and overhead [% - %].     One source shows [85%] gain with latency [118%].  The high latency is due to the not-fully-flexible PDCCH monitoring.  If non-adaptive PDCCH periodicity is applied, one source shows [32% - 50%] power saving gain subject to [56% - 116%] latency increase. Generally, the larger the PDCCH monitoring periodicity, the larger the power saving gain but the associated latency increase would be higher. 

Reduction of PDCCH monitoring can also be achieved with explicit/implicit information for UE to skip monitoring PDCCH.  A related approach, such as power saving signal/channel triggering/enabling PDCCH monitoring or “go-to-sleep” signaling where the gNB can signal the UE to go to the DRX OFF state or skip the PDCCH monitoring, is considered.   Power saving gain in the range of [9%~83%] is observed, with latency increase in the range of [0.4%~20%] with one source showing [124%] and overhead [% - %]. Generally, the gain is higher for for scenarios with CDRX configuration with larger DRX inactivity timer duration and for lower traffic load, and higher latency increase is associated with higher gain. 

PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain of [2.2%-15%] is shown when the number of blind decoding candidates is reduced by half, with system level impact in terms of higher DL control blocking probability (e.g. assuming that 1/4 of the UEs are to be scheduled in a CORESET with such reduced blind decoding limit, the average blocking probability would increase by 50%).  One source shows power saving gain of [29%] with single blind decoding candidate without showing the results of latency and expected high blocking probability.  

In relation to above power saving schemes aforementioned, some Rel-15 C-DRX schemes are also evaluated compared to the agreed baseline. In one source, Rel-15 MAC-CE based DRX command is evaluated, and the gain is observed to be [42%~56%] with latency increase of [59%~77%] across three traffic types. In another source, short DRX supported in Rel-15 is evaluated and power saving of [30%~280%] is observed with latency increase of [31%~97%]. 





[bookmark: _Toc655897]UE assistance Information

Additional results of the power saving schemes with UE adaptation using assistance information in BWP switching/fast SCell activation, number of Tx/Rx antenna with additional detailed of power saving for each traffic type/configuration, power consumption level, UPT/latency, and estimated overhead.   Additional UE assistance information are included for the associated power saving schemes.   
Proposal
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 number of Rx/Tx antenna 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
· Including the preferred cells for the cross-carrier scheduling
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
· UE power profile
· UE preferred number of DL cells and/or UL cells
· UE preferred CC grouping
· UE preferred TDD slot format
· UE mobility
· The application packet size 


Proposal:
Observation:
Some UE assistance information  have been used by the power saving schemes to adapt to the traffic resulting in power saving gain.  Power saving schemes including UE assistance information in the evaluation show power saving gain of [9%-45%] for UE adaptation to BWP switching, [4%-80%] for UE adaptation to DRX operation, and  [5%-43%] for SCell operation.   


[bookmark: _Toc655898]Power saving signal/channel/procedure for triggering adaptation to UE power Consumption

[bookmark: _Toc655899]Power saving signal/channel

The performance results of the miss-detection performance results for the design of the power saving signal/channel for PDCCH-based, group common PDCCH based, CSI-RS, TRS, DMRS,  and new sequence with normal and low power consumption.   Most of the evaluation results shown target 0.1% miss detection and 1% false alarm for the UE wakeup.  

Proposals:  
The power saving signal/channel for UE adaptation includes the following signals/channels in the for further study
· Existing signal/channel based power saving signal/channel
·  PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 

The aspects of the power saving signal/channel used for the UE adaptation to the traffic used in the for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability - include total number of UEs supported
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel
· The behaviour when miss detection/false alarm happens
· Multiplexing with other signals/channels
· Number of information bits

The performance evaluation of the power saving signal/channel should target the miss detection at X% and the false alarm rate at Y% with the following aspects identified for the proposed power saving signal/channel
· The target of miss detection X% and the false alarm rate at Y% as baseline for evaluation
· For power saving signal/channel for wake-up purpose, X=[0.1] and Y=[1]
· For power saving signal/channel for go-to-sleep purpose, X=[1] and Y=[0.1]
· Additional X and Y values are not precluded for the proposed power saving signal/channel based on the use cases and scenarios
· For any other purpose(s) of power saving signal/channel, companies to report X & Y values
· The target of miss detection would be different depending on the behaviour of miss detection of power saving signal/channel.
· If miss detection behaviour is defined as no subsequnt PDCCH reception, low miss detection rate is required in order to avoid increased latency of missed chance of the scheduling.
· If miss detection behaviour is defined as subsequent PDCCH reception, low miss detection rate is not required. 
· The miss detection performance when multiple power saving signal/channel are multiplexed on the same resource, when applicable
· The performance of the power saving signal/channel should assume realistic implementation limitations, e.g., by using realistic channel estimation and time/frequency offset estimation, etc.


The UE miss detection performance results of UE power saving signal/channels, such as PDCCH based GC-PDCCH based, CSI-RS, TRS, SSS, and single-stage or multi-stage new sequences,  are shown in Table 9.  
Table 9: Performance of power saving signal/channel
	Company
	Power saving signal/channel
	Required SNR at miss detection= 0.1%
	False
alarm
rate
	Multiplexing capacity
	Trans.
inform. Bits
	Evaluation methodology/baseline assumption
	Note


	vivo [64][69]
	PDCCH based
	About [3, -0.8] dB for AL=[4, 8], inform. bits=12; 
About [2.3, 3.3] dB for AL=4, inform. bits=[1, 2]
	
	1
	1, 2, 12
	TDL-C Low 100ns 10Hz;
1TX/2RX; 
SCS=30KHz;
CSI-RS: 51 RBs, 1 OS
SSS: 127 REs
	

	
	CSI-RS
	About [-2.4, 2.3] dB  for density=[3, 1]
	1%
	1
	
	
	

	
	SSS
	About [0.3 1] dB for inform. bits=[1 2]
	1%
	1
	1-2
	
	

	MTK[62]
	PDCCH based
	[5.7, 2.2, -2.4, -5.4, -9] dB for AL=[1, 2, 4, 8, 16] and delay spread 30 ns
[6.5, -0.3, -3.6, -7.5, <-10] dB for AL=[1, 2, 4, 8, 16] and delay spread 100 ns
[8.4, -0.4, -4.6, -8.7, <-10] dB for AL=[1, 2, 4, 8, 16] and delay spread 300 ns
	1%
	1
	1
	TDL-C 3km/hr with delay spread: 30 ns, 100 ns or 300 ns; 2TX/2RX;

PDCCH/GC-PDCCH: 54/108/216/432/864 REs for AL1/2/4/8/16; Sequence detection for PDCCH, and Polar decoding for GC-PDCCH

TRS: 312 REs in 52 RBs

SSS: 127 REs in 12 RBs



	

	
	TRS
	-3.3 dB for delay spread 30 ns 
-5.3 dB for delay spread 100 ns 
-6 dB for delay spread 300 ns 
	1%
	1
	1
	
	

	
	SSS (UE specific)
	M = 1 UE:
1.2 dB for delay spread 30 ns 
0.2 dB for delay spread 100 ns
-0.3 dB for delay spread 300 ns 
M = 6 UEs:
8.9 dB for delay spread 30 ns 
8.5 dB for delay spread 100 ns
7.9 dB for delay spread 300 ns
	1%
	M 
	1 per UE
	
	

	
	GC-PDCCH based
	M = 6 UEs; 2 bits per UE:
[4.5, -5.7] dB for AL=[2, 16] and delay spread 30ns; 
[3.6, -7.7] dB for AL=[2, 16] and delay spread 100ns 
[4.4, -7.6] dB for AL=[2, 16] and delay spread 300ns

	1%
	M
	2 per UE
	
	

	QC [67]
	PDCCH based
	FR1:
About [3.5, -1.5, -5] dB for AL=[2, 4, 8], 2RX, TDL-A 30ns, inform. bits = 12;
About [6, -1, -4] dB for AL=[2, 4, 8], 2RX, TDL-C 300ns, inform. bits = 12;
About [5.5, 0, -3] dB for AL=[2, 4, 8], 2RX, TDL-A 30ns, inform. bits = 30;
About [9, 1.5, -2.5] dB for AL=[2, 4, 8], 2RX, TDL-C 300ns, inform. bits = 30;
	
	1
	12, 30
	Simulation parameters specified in Table A1.5-1 in TR38.802
For FR2:
CDL-C 300ns;
Carrier frequency: 30 GHz; 
3 or more beams
	

	
	
	FR2:
3dB for AL=8, 3 beams swept, for AL=4, 7 beams swept and up to 160ms C-DRX cycle.
	
	1
	24
	
	

	
	CSI-RS-WUS
	FR2: 3dB
	1% 
	1
	
	
	

	Nokia, NSB [65]
	PDCCH based
	About [-2.5, -5.4] dB for AL=[8, 16], TDL-C 100ns, SCS=15KHz; 
About [-2, -5] dB for AL=[8, 16], TDL-C 300ns, SCS=15KHz;
About [-3, -5] dB for AL=[8, 16], TDL-C 100ns, SCS=30KHz;
 About [-3, -4.5] dB for AL=[8, 16], TDL-C 300ns, SCS=30KHz;
	
	1
	10
	TDL-C 100ns, 300ns;
SCS=15KHz, 30KHz;
2TX/2RX ;
SSS:127 REs
	

	
	DMRS
	About [-1, -4] dB for RBs=[48, 96], TDL-C 100ns, SCS=15KHz; 
About [-0.5, -4] dB for RBs=[48, 96], TDL-C 300ns, SCS=15KHz;
About [-0.5, -4] dB for RBs=[48, 96], TDL-C 100ns, SCS=30KHz; 
About [1, -2] dB for RBs=[48, 96], TDL-C 300ns, SCS=30KHz;
	
	1
	
	
	

	
	SSS
	>3dB
	1%
	1
	
	
	

	CATT[57]
	PDCCH based
	About [-9.15, -12.5, -15.2]dB for AL=[4，8, 16]
	
	1
	12
	AWGN; 
2TX/1RX; 
SCS=15KHz;
CSI-RS: 150REs
	

	
	CSI-RS
	-13.3dB
	1%
	1
	
	
	

	
	Multi-stage sequences
	About [-15.1, -18, -20.97] dB for [256, 512, 1024] REs
	1%
	M, e.g., 16
	Log2(N2), N=256,512,1024
	
	

	
	Single stage sequence
	About [-15.1, -18, -20.97] dB for [256, 512, 1024] REs
	1%
	M, e.g., 16
	Log2(N), N=256,512,1024
	
	

	Ericsson[59][68]
	PDCCH based

	About [-3, -6.5] dB for AL=[8, 16], inform. bits = 4;
About [-2, -5] dB for AL=[8, 16], inform. bits = 30
	
	1
	4, 30
	TDL-C 300ns;
SCS=30KHz;
	

	
	On-off keying sequence
	3 dB
	
	
	
	TDL-C
SCS=15KHz;
	

	Intel[60]
	PDCCH based
	About [-1.4, -3.8, -6.2] dB for AL=[4, 8, 16]
	
	1
	12
	TDL-C 30ns;
2TX/2RX;
TRS: 288 REs (48 RBs, 2 OS; 96 RBs; 1 OS), 576 REs (96 RBs, 2 OS), RS density = 3

	

	
	TRS
	About [0, -1, -4] dB  for [48 RBs, 2 OS; 96 RBs, 1 OS; 96 RBs, 2 OS], inform. bits=2;
About -3 dB for 96 RBs, 2 OS, inform. bits=6
	1%
	1
	2, 6
	
	

	OPPO[61]
	CSI-RS
	-6 dB
	1%
	1
	
	Simulation parameters specified in Table A1.5-1 in TR38.802
2TX/2RX;
CSI-RS: 24 RBs
RS density = 3
	

	HW[62]
	PDCCH based
	About [3, 0, -2, -4, -6] dB for AL=[1, 2, 4, 8, 16]
	
	1
	4
	CDL-C 100ns;
2TX/2RX;
SCS = 30KHz
	

	Samsung[63]
	DMRS 
	About [6, 0, -4.5] dB for [48 RBs, 1 OS; 24 RBs, 2 OS; 48 RBs, 2 OS] to reach 1% MDR
	1%
	1
	
	TDL-A 30ns;
1TX/2RX
CSI-RS config. [63]:
config2:  RS density=2, 2 OS
config3: RS density=2, 4OS 
	

	
	CSI-RS
	About [0, -3, -6] dB for [48 RBs, config2; 24 RBs, config3; 48 RBs, config3] to reach 1% MDR
	1%
	1
	
	
	

	
	Second level DMRS
	About [1, 0, -2, -3] dB for inform. bits=[4, 3, 2, 1] to reach 0.1% ER
	
	1
	1~4
	
	

	
	Second level CSI-RS
	About [6, 4.5, 2.5, 0] dB for inform. bits=[4, 3, 2, 1], config2 to reach 0.1% ER
	
	1
	1~4
	
	

	ZTE[66]
	PDCCH based
	About [2, -3] dB for AL=[2, 4]
	
	1
	12
	TDL-C 300ns;
2TX/2RX
	

	
	CRI-RS
	About [1, -3.5] dB for CSI-RS sequence length=[108, 216]
	1%
	1
	
	
	

	Sony[70]
	On-off keying sequence
	[At BER = 0.15] 
	1%
	
	
	AWGN;
WUS length: 63 bits;
SCS = 15KHz

	




Proposal: 

Observation
Power saving signal/channel used as the UE wakeup  in triggering UE adaptation to the DRX operation shows the power saving gains [4%-97 %  ]  with some overheads [0% -3.5% ].  
Power saving signal/channel triggering to assist the BWP switching shows the power saving gain [25% - 55%] with the overhead of [7%-21%] from the additional RS.  
Power saving signal/channel triggering/enabling PDCCH monitoring reduction achieves the power saving gain  [50%-66%] with [1.7%] overhead.      
The 0.1% miss detection performance of differnt power saving signal/channel, such as   PDCCH-based, TRS, CSI-RS, DMRS, SSS-like, new sequence type, such as OOK, Gold sequence, had been shown with the reqired SINR range [-6 to 5.7] dB with false alarm probability at 1%.   Fewer resource used by power saving signal/channel or beam degradation  would require higher SINR operating point. The power saving signal/channel also has the multiplexing capability ranged 1-16 UEs in the evaluation depending on the power saving signal/channel type.  The power saving signal/channel may carry additional information bits in addition to the triggering for UE adaptation.   The power saving signal/channel detection performance shows that it  is adequate for triggering the UE adaption to the power consumption.   


[bookmark: _Toc655900]Power saving procedure
The power saving signal/channel in triggering UE adaptation to DRX operation in the for further study is that the power saving signal/channel can be configured along the DRX configuration as the indication for UE to wake up from the sleep state.  The additional RS resources, e.g., DL additional RS or UL A-SRS, can be consideredbe configured by the gNB in the preparation period to assist UE in performing RRM/CSI measurement and channel time/frequency and/or beam tracking .

The power saving signal/channel candidate in triggering UE to achieve reducing PDCCH monitoring in thefor further study  is that the power saving signal/channel can be used to trigger UE to dynamically indicate the PDCCH monitoring period, to skip the number of PDCCH monitoring occassion and/or to go to sleep for a period of time.

The power saving signal/channel in triggering UE frequency domain processing adaptation in the for further study is the power saving signal/channel can be used to trigger the indication of  the DL RS configuration for channel tracking, CSI measurements, and beam management or UL A-SRS transmission for CSI measurements for the additional assistance of dynamic switching of BWP or activation of SCell in achieving the power saving gain.  The power saving signal/channel can be used for BWP switching, activation/deactivation of SCell or adaptation of PDCCH monitoring and/or CORESET/search space of PCell/SCell.

For further study, In the power saving signal/channel in triggering adaption to the UE processing, such as MIMO configuration/layers, antenna configuration, UE processing time, and CSIbackground processing can be used as the indication for UE adaptation.  The power saving signal/channel in triggering UE adaptation to the processing is to allow UE in reducing the power consumption by indication of the processing time, such as PDCCH/PDSCH/PUSCH/PUCCH processing or the essential background processing, such as periodic CSI and RRM measurements.  


[bookmark: _Toc655901]Additional RS 
The study of the additional RS with evaluation results had been shown.  The sequence and pattern of the additional RS had been proposed with the evaluation results of channel tracking and RRM measurement performance.   There are examples of additional RS configuration in the power saving schemes with UE adaptation to the DRX operation, BWP switching/fast SCell activation, reducing PDCCH monitoring, and RRM measurements.   
Proposal: 
Additional RS is the RS provided by gNB to assist UE in performing e.g.,fine synchronization, channel/beam tracking, and/or CSI/RRM measurements in addition to the existing RS in Rel-15.  The additional RS was proposed for study for power saving schemes for e.g, UE adaptation to the DRX operation,  BWP switching, fast SCell activation, reducing PDCCH monitoring, and/or  RRM measurements.   RS design is assumed to reuse Rel-15 waveform.  Power saving signal could be used to meet the purpose of additional RS.
The aspects to consider in the study of additional RS design are as follows.
· The performance for UE in performing  fine synchronization, channel/beam tracking, and/or CSI/RRM measurements
· The additional resource for reducing the power consumption of RRM measurements
· The additional RS used as the power saving signal
· Triggering UE or group of UEs adaptation to the UE power saving schemes
· Multiplexing capability
· Paging indication
· The resource overhead of the additional RS 
· Multiplexing with other signals, such as PDSCH, PDCCH.  

The design of the additional RS includes the following candidates in the study,
· Existing reference signal and pattern: TRS, CSI-RS type, SSS-only
· New RS: new RS sequence and pattern, existing RS with new pattern, RS in combination with SSB 

The examples  of additional RS configuraiton in the power saving schemes with UE adaptation to the DRX operation, BWP switching/fast SCell activation, reducing PDCCH monitoring and RRM measurements are shown in Table 10.  The evaluation results of the power saving schemes with the additional RS are listed in Table 11.  The additional resource configured in reducing RRM measurement power consumption is shown in Table 12.  

Proposal:

Observation:  
The additional RS has been used along with/as the power saving signal in assisting UE in achieving additional power saving gain [25% - 55%],  The additional RS is used for the DRX operation by minimizing the time for UE in performing the required processing and measurement.  The additional RS resource from total amount of resource would be up to 5%  per slot.   RS overhead could be minimized with non-periodic configured, e.g., based on the need.   The resource of additional RS can be used by more than one UE.  

Table 10: Configuration of additional RS in the Power saving schemes
	Company
	Schemes
	Description
	Note

	vivo [94]
	CSI-RS is introduced as measurement RS for UE in idle/inactive state
	Additional measurement RS, e.g. CSI-RS, can be introduced for UE in idle state. UE can select and use either SSB or CSI-RS which is closer to paging occasion, as the measurement RS to reduce the wake-up duration.
The CSI-RS configured for RRC connected state UEs is reused as measurement RS for UEs in idle state.



	For UE in idle state, more than 30% power saving gain can be achieved if CSI-RS can be introduced as an additional measurement RS, based on which the measurement samples can be reduced and the measurement accuracy can still be guaranteed.

	MediaTek Inc. [95]
	SSS-only signal is used as additional RS before the SSB as wake-up (power-saving) signal for paging indication and RRM assistance in RRC_IDLE/ RRC_INACTIVE.
	Using additional RS which is a SSS only signal before the SSB as wake-up (power-saving) signal for paging indication and RRM assistance in RRC_IDLE/ RRC_INACTIVE as shown in Figure 4.
Multiplexed SSS-only wake-up (power-saving) signals can be used before the SSB for paging indication. When no UE is to be paged, normal SSS is transmitted for enhancement of sync, RRM, and AGC tuning.
To distinguish the paging indication information for different paging group is to apply different scrambling code on the SSS, or use multiple sequence set. UE can thus use its own scrambling code to identify the paging indication information.
[image: ]

	Using multiplexed SSS-only signal as additional RS before each SSB (measurement occasion) for paging indication can achieve 21.78% power saving in idle/inactive mode and assist sync, RRM, and AGC tuning.

	CATT [97][98]
	The on-demand RS are assisting UE to performing channel tracking and CSI measurement before UE wake up in active BWP, or pre-processing for BWP switching or assisting RRM measurement.
	For fast BWP switching, power saving signal transmitted in small BWP could be used to indicate the transmission of the configured on-demand RS a few slots in advance before DCI triggering the BWP adaptation.  UE would do CSI measurement based on the configured on-demand RS at the new wideband BWP, which is triggered by detection of power saving signals.


For assisting RRM measurement, the main idea of on-demand RS for RRM measurement is that UE could perform multiple RRM measurements (e.g. 5 measurements in a consecutive period) when UE is triggered to wake up at a given DRX-ON period.  


If on-demand RS is introduced to assist UE measurement during the data transmission, UE would go to sleep after data reception, which can reduce a part of UE power consumption.

  
The pattern of on-demand RS, the main aspects including the RS position in time domain, frequency domain and spatial domain should be considered.
	It can obtain 24.6% power saving gain for that UE performs multiple RRM measurements (e.g. 5 measurements in a consecutive period) when UE is triggered to wake up at a given DRX-ON period.
It can obtain 81% power saving gain for that on-demand RS is introduced to assist UE measurement during the data transmission, UE would go to sleep after data reception, which can reduce a part of UE power consumption.
Based on the simulation results, the on-demand RS can perform the frequency synchronization functionality.

	Qualcomm Incorporated [103]
	1. Using PSS, SSS and wake-up signaling as additional resource for RRM for FR1 in RRC-IDLE/RRC-INACTIVE
2. Using PSS, SSS and paging as additional resource for RRM for FR1 in RRC-IDLE/RRC-INACTIVE
	1. When using PSS, SSS and wake-up signaling as additional resource for RRM for FR1 in RRC-IDLE/RRC-INACTIVE:
-	Cells within an area (e.g., RNA or RAN area) periodically broadcast PSS, SSS and wake-up signaling in an SFN manner over a single beam
◦	PSS and SSS are not transmitted on a sync frequency raster 
-	UE performs SSS RSRP/RSRQ measurement of a camping area and neighbor areas if triggered
-	UE tracks wake-up signaling to detect whether UE is paged or not
◦	If UE is paged, UE shall determine a suitable cell to acquire paging. Otherwise, UE goes to sleep.
[image: ]
2. When using PSS, SSS and paging as additional resource for RRM for FR1 in RRC-IDLE/RRC-INACTIVE:
-	Cells within an area (e.g., RNA or RAN area) periodically broadcast PSS, SSS and paging in an SFN manner over a single beam
◦	PSS and SSS are not transmitted on a sync frequency raster 
-	UE performs SSS RSRP/RSRQ measurement of a camping area and neighbor areas if triggered
-	UE decodes paging for the page.
◦	If UE is paged, UE shall determine a suitable cell to transit into RRC-CONNECTED. Otherwise, UE goes to sleep.
[image: ]

	The simulation results provided in Figure 4 and Figure 5 show that the using SFN PSS, SSS & wake-up signaling/paging as additional resource for RRM could provide UE power saving gain up to 39% (1.28ms DRX) and 50% (320ms DRX) in the multi-beam system.

	Ericsson [102]
	Additional RS before measurement or paging occasion are not supported.
	RRM measurement on SSB
1. Baseline A1: UE performs AGC on previous SSB, measures on next SSB
2. Modification A2 for less frequent measurements: One additional SSS is provided after each SSB in the sweep for improving measurement sample quality, L1 measurement sample acquisition every second DRX cycle.
DRX-on period
1. Baseline B1: UE performs AGC on previous SSB
2. Modification B2 for AGC update and/or T/F alignment: An additional on-demand RS is provided 5 ms before the start of ON-duration
[image: ]
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		Case
	Description
	Avg energy per DRX period [units*ms]
	UE PS 
[%]

	A1
	UE performs AGC on previous SSB, measures on next SSB
	2826
	-

	A2
	One additional SSB sweep for AGC is provided 4 ms ahead of the measured SSB sweep
	2522
	11.8

	B1
	UE performs AGC on previous SSB, then monitors  ON-duration
	3032
	-

	B2
	An additional on-demand RS for AGC purposes is provided 5 ms before the start of ON-duration
	2918
	3.8

	C1
	UE performs AGC on previous SSB, measures on next SSB, followed by monitoring  ON-duration
	3746
	-

	C2
	One additional SSB sweep for AGC is provided 4 ms ahead of the measured SSB sweep, measures on next SSB, followed by monitoring  ON-duration
	3442
	8.1




	CMCC[73]
	The on-demand CSI-RS assisting UE to performing CSI measurement before UE wake up before DRX ON
	Power saving triggering UE wake up and CSI measurement before DRX ON.
UE measures CSI-RS resources and reports CSI on PUCCH resource if power saving signal is detected.



	If both power saving signal and CSI measurements triggering before DRX ON are used, the power saving gain can achieve 6.7% comparing with no CSI measurements before DRX ON.






Table 11: Power saving schemes with additional RS
	Company
	Additional RS type
	Power saving gain
(for each configuration)
	UPT/Latency

	Estimated Overhead 
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	CATT[57]
	Additional on-demand RS after the power saving signal triggering BWP adaption
	8.5%-55.0% (ftp3 with 160ms DRX-cycle : 25.2% IM with 320ms DRX-cycle: 55.0%)x
	Avg. UPT 17.1%(FTP3 λ=3.2)
	7.14%, 14.29%, 21.4%.
	SLS with 10UE per TRP for DU scenario to get transmission rate, and observed one single UE for power consumption.
Baseline: PDCCH monitoring, CSI and PDSCH reception on wider BW, FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	

	HW[71]
	CSI-RS/TRS based power saving signal as additional RS
	0.2%
	2.28%/8.34% (UPT/Latency loss)
	3.69*10-6 (RE/bit)
	C-DRX: (320,200,10)
	10 UEs in a cell

	
	
	3.71%
	0.49%/2.27% (UPT/Latency loss)
	1.96*10-6 (RE/bit)
	C-DRX: (320,80,10)
	

	
	
	4.47%
	5.27%/2.22% (UPT/Latency loss)
	6.00*10-6 (RE/bit)
	C-DRX: (160,100,8)
	

	
	
	4.32%
	6.02%/5.52% (UPT/Latency loss)
	3.90*10-6 (RE/bit)
	C-DRX: (160,40,8)
	

	
	
	13.91%
	15.76%/9.88% (UPT/Latency loss)
	1.92*10-5 (RE/bit)
	C-DRX: (40,25,4)
	

	
	
	17.79%
	16.09%/4.78% (UPT/Latency loss)
	1.44*10-5 (RE/bit)

	C-DRX: (40,10,4)
	

	QC[72]
	Additional CSI-RS/TRS transmission in pre-wake-up window
	5.8 to 9.4%
	C-DRX config (cycle, on dur.)
(160ms, 8ms): 9.4%
(320ms, 10ms): 5.8%
	
	Additional CSI-RS/TRS transmission in PWU window
	Baseline: SSB-based scheme
Traffic model: PDCCH-monitoring only

	Samsung[73]
	CSI-RS based 1-bit Power Saving signal outside C-DRX on duration to trigger UE wakeup at DRX ON
	4%
8.4%
11.4%
mean of arrivals  =  100ms, 
200m, 
300ms
	23.8Mbps/36.5ms

16.75Mbps/51.8ms

15.0Mbps/57.8ms
	RS based PoSS with monitoring periodicity  equals to DRX cycle
	C-DRX with configuration (cycle/on/inactivity) = (160,8,100)
FTP3 traffic model with mean of inter packet arrivals = 200ms

	

	
	Two levels CSI-RS based power saving signal prior to DRX ON duration for dynamic wake-up indication and scaling on CDRX configuration parameters
	89.4%
91.2%
91.6%
mean of arrivals  =  100ms, 
200m, 
300ms
	13/4Mbps/64.7ms

6.12Mbps/141.8ms

4.62Mbps/187.8ms
	RS based PoSS monitoring periodicity  equals to DRX cycle
	C-DRX with configuration (cycle/on/inactivity) = (160,8,100)
FTP3 traffic model with mean of inter packet arrivals = 200ms

	

	[bookmark: _GoBack]CMCC[73]
	Additional CSI-RS after power saving signal triggered wake up bofore DRX ON
	6.7%
	
	
	C-DRX with configuration (cycle/on/inactivity) = (160,10,100)
FTP3 traffic model with mean of inter packet arrivals = 200ms
	Baseline: Power saving signal triggering wake up before DRX ON without additional CSI-RS



Table 12: Additional RS in achieving RRM power comsumption reduction
	Company
	(0)
	(1)
	(2)
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	
	(0) Power saving schemes description
(1) Average power consumption 
(2) Power reduction compared to baseline [%]
	
	(1) RRC Idle/RRC Inactive or  RRC Connected
(2) Measurement period [ms]
(3) number of samples(e.g., SSB bursts) in each MP 
(4) UE speed and channel model
(5) system impact, e.g., overhead
(6) Performance impact
(7) Additional assumption or note

	CATT[74]
	Normal RRM measurement according to SMTC configuration
	12.2
	0%
	
	connected
	800ms
	5
	-
	-
	-
	DRX-cycle=160ms, DRX-on=8ms, SMTC= 80ms

	
	On-demand RS assistant RRM measurement during DRX-on duration
	9.2
	24.6%
	
	connected
	800ms
	5
	-
	-
	-
	DRX-cycle=160ms, DRX-on=8ms, SMTC= 80ms

	
	Normal RRM measurement according to SMTC configuration
	66.34
	0%
	
	connected
	800ms
	5
	-
	-
	-
	DRX-cycle=160ms, DRX-on=8ms, Inactivity timer =100ms

	
	On-demand RS assistant RRM measurement during data transmiton
	12.42
	81.28%
	
	connected
	800ms
	5
	-
	-
	-
	DRX-cycle=160ms, DRX-on=8ms, Inactivity timer =100ms

	MediaTek[75]
	Using SSS-only signal as additional RS before SSB for paging indication and RRM assistance.
	1.634 (baseline is 2.089)
	21.78%
	
	Idle/Inactive
	One IDRX cycle (1280ms)
	2
	General
	One symbol of SSS 
	
	

	QC[76]
	CSI-RS for mobility, w/o repetition (baseline)
	36.9
	0
	
	Connected
	40ms
	16slots
	Stationary
	
	
	

	
	CSI-RS for mobility, with 2 repetition
	32.5
	11.8%
	
	Connected
	80ms
	16slots
	Stationary
	
	Refined Rx beam
	

	
	CSI-RS for mobility, with 4 repetition
	29.2
	20.7%
	
	Connected
	160ms
	16slots
	Stationary
	
	Refined Rx beam
	

	QC[76]
	
	
	
	
	Notes: 
(0) SFN PSS, SSS and wake-up signaling/paging as additional resource, L denotes the number of SSBs in an SSB burst set
(3) I-DRX/paging cycle
(4) The number of SSB burst sets are used for RRM and AGC/T-F tracking loops
(5) UE speed (km/h) or stationary

	
	L=1
	2.06
	
	
	Idle/Inactive
	1.28
	2
	stationary
	
	
	FR1

	
	
	1.67
	18.86%
	
	
	
	
	
	
	
	

	
	L=4 
	2.11
	
	
	Idle/Inactive
	1.28
	2
	stationary
	
	
	FR1

	
	
	1.67
	20.74%
	
	
	
	
	
	
	
	

	
	L=8 
	2.19
	
	
	Idle/Inactive
	1.28
	2
	stationary
	
	
	FR1

	
	
	1.67
	23.58%
	
	
	
	
	
	
	
	

	
	L=1 
	2.17
	
	
	Idle/Inactive
	1.28
	2
	3
	
	
	FR1

	
	
	1.68
	22.36%
	
	
	
	
	
	
	
	

	
	L=4 
	2.21
	
	
	Idle/Inactive
	1.28
	2
	3
	
	
	FR1

	
	
	1.68
	24.08%
	
	
	
	
	
	
	
	

	
	L=8 
	2.29
	
	
	Idle/Inactive
	1.28
	2
	3
	
	
	FR1

	
	
	1.68
	26.66%
	
	
	
	
	
	
	
	

	
	L=1 
	2.17
	
	
	Idle/Inactive
	1.28
	2
	30
	
	
	FR1

	
	
	1.68
	22.67%
	
	
	
	
	
	
	
	

	
	L=4 
	2.22
	
	
	Idle/Inactive
	1.28
	2
	30
	
	
	FR1

	
	
	1.68
	24.37%
	
	
	
	
	
	
	
	

	
	L=8 
	2.30
	
	
	Idle/Inactive
	1.28
	2
	30
	
	
	FR1

	
	
	1.68
	26.94%
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	L=1 
	2.48
	
	
	Idle/Inactive
	1.28
	3
	stationary
	
	
	FR1

	
	
	1.67
	32.66%
	
	
	
	
	
	
	
	

	
	L=4 
	2.53
	
	
	Idle/Inactive
	1.28
	3
	stationary
	
	
	FR1

	
	
	1.67
	33.96%
	
	
	
	
	
	
	
	

	
	L=8 
	2.61
	
	
	Idle/Inactive
	1.28
	3
	stationary
	
	
	FR1

	
	
	1.67
	35.94%
	
	
	
	
	
	
	
	

	
	L=1 
	2.59
	
	
	Idle/Inactive
	1.28
	3
	3
	
	
	FR1

	
	
	1.68
	35.02%
	
	
	
	
	
	
	
	

	
	L=4 
	2.64
	
	
	Idle/Inactive
	1.28
	3
	3
	
	
	FR1

	
	
	1.68
	36.22%
	
	
	
	
	
	
	
	

	
	L=8 
	2.71
	
	
	Idle/Inactive
	1.28
	3
	3
	
	
	FR1

	
	
	1.68
	38.06%
	
	
	
	
	
	
	
	

	
	L=1 
	2.60
	
	
	Idle/Inactive
	1.28
	3
	30
	
	
	FR1

	
	
	1.68
	35.24%
	
	
	
	
	
	
	
	

	
	L=4 
	2.65
	
	
	Idle/Inactive
	1.28
	3
	30
	
	
	FR1

	
	
	1.68
	36.43%
	
	
	
	
	
	
	
	

	
	L=8 
	2.72
	
	
	Idle/Inactive
	1.28
	3
	30
	
	
	FR1

	
	
	1.68
	38.26%
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	L=1 
	5.24
	
	
	Idle/Inactive
	0.32
	2
	stationary
	
	
	FR1

	
	
	3.68
	29.67%
	
	
	
	
	
	
	
	

	
	L=4 
	5.43
	
	
	Idle/Inactive
	0.32
	2
	stationary
	
	
	FR1

	
	
	3.68
	32.20%
	
	
	
	
	
	
	
	

	
	L=8 
	5.75
	
	
	Idle/Inactive
	0.32
	2
	stationary
	
	
	FR1

	
	
	3.68
	35.89%
	
	
	
	
	
	
	
	

	
	L=1 
	5.66
	
	
	Idle/Inactive
	0.32
	2
	3
	
	
	FR1

	
	
	3.73
	34.21%
	
	
	
	
	
	
	
	

	
	L=4 
	5.86
	
	
	Idle/Inactive
	0.32
	2
	3
	
	
	FR1

	
	
	3.73
	36.40%
	
	
	
	
	
	
	
	

	
	L=8 
	6.17
	
	
	Idle/Inactive
	0.32
	2
	3
	
	
	FR1

	
	
	3.73
	39.62%
	
	
	
	
	
	
	
	

	
	L=1 
	5.70
	
	
	Idle/Inactive
	0.32
	2
	30
	
	
	FR1

	
	
	3.73
	34.61%
	
	
	
	
	
	
	
	

	
	L=4 
	5.89
	
	
	Idle/Inactive
	0.32
	2
	30
	
	
	FR1

	
	
	3.73
	36.78%
	
	
	
	
	
	
	
	

	
	L=8 
	6.21
	
	
	Idle/Inactive
	0.32
	2
	30
	
	
	FR1

	
	
	3.73
	39.96%
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	
	L=1 
	6.93
	
	
	Idle/Inactive
	0.32
	3
	stationary
	
	
	FR1

	
	
	3.68
	46.81%
	
	
	
	
	
	
	
	

	
	L=4 
	7.12
	
	
	Idle/Inactive
	0.32
	3
	stationary
	
	
	FR1

	
	
	3.68
	48.27%
	
	
	
	
	
	
	
	

	
	L=8 
	7.43
	
	
	Idle/Inactive
	0.32
	3
	stationary
	
	
	FR1

	
	
	3.68
	50.44%
	
	
	
	
	
	
	
	

	
	L=1 
	7.35
	
	
	Idle/Inactive
	0.32
	3
	3
	
	
	FR1

	
	
	3.73
	49.31%
	
	
	
	
	
	
	
	

	
	L=4 
	7.55
	
	
	Idle/Inactive
	0.32
	3
	3
	
	
	FR1

	
	
	3.73
	50.63%
	
	
	
	
	
	
	
	

	
	L=8 
	7.86
	
	
	Idle/Inactive
	0.32
	3
	3
	
	
	FR1

	
	
	3.73
	52.59%
	
	
	
	
	
	
	
	

	
	L=1 
	7.39
	
	
	Idle/Inactive
	0.32
	3
	30
	
	
	FR1

	
	
	3.73
	49.55%
	
	
	
	
	
	
	
	

	
	L=4 
	7.58
	
	
	Idle/Inactive
	0.32
	3
	30
	
	
	FR1

	
	
	3.73
	50.85%
	
	
	
	
	
	
	
	

	
	L=8 
	7.89
	
	
	Idle/Inactive
	0.32
	3
	30
	
	
	FR1
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1. Conclusion
The UE power saving study completes the UE power consumption model for evaluation based on the inputs from many sources.  Consistent evaluation results have been shown based on the UE power consumption model through calibration.   The UE power model could be used as the reference model in evaluating the  UE power consumption for any other features if applicable.      
RAN1’s study shows the following power saving gains over the agreed baseline in UE power saving schemes with UE adaptation in frequency domain, time domain, antenna domain, DRX operations, and reducing PDCCH monitoring with different traffic types, such as FTP, IM, web browsing, video streaming, gaming and VoIP,  and network configurations,
The power saving schemes with UE adaptation to BWP switching show the power saving gains ranged from [16% - 45%] over the agreed baseline configuration.  The power saving schemes with UE adaptation to SCell operation show[12.36% - 67.33%] power saving gain with average latency increase [0.09% - 3.2%]
The power saving schemes with cross-slot scheduling shows up to [5-25%]  power saving gains with UPT degradation [2.9%-18.4%].  The power saing gain decreases and the UPT degradation increases as the K0 increase.   The power saving gain [15%-17%] and [0% -93%] overhead increase is observed for same-slot scheduling only with small packet.  The power saving gain less than 2% is observed for multi-slot scheduling.
The power saving schemes with UE adaptation to the number of MIMO layers or number of Tx/Rx antenna (panels) provides up to [20%-30%] power saving gain and [4%] latency increase  for dynamic antenna adaptation.   The power saving gain [20%] is observed for semi-static antenna adaptation with expected latency and UPT degradation.  The additional network resource is required in compensation of the loss of multi-antenna processing gain.  
The power saving schemes with UE adaptation to the DRX operation shows [9%~83%] power saving gains with latency increase in the range of [0.4%~20%] .  The  power saving gain for dynamic DRX configuration/adaptation is [8%-50%] with latency increase [2% - 95%]. Rel-15 enabled DRX operation shows up to [47 %] power saving gain over the agreed baseline.    
The power saving schemes for dynamic adaption of UE PDCCH monitoring shows [8% - 50%] power saving gains with the latency increase/UPT degradation  in the range of [0% - ??%].  

The UE assistance information provides the gNB additional information in faciliating UE  adaptation to the traffic and reducing the power consumption of some respective power saving schemes shown aforementioned.  UE preferred configurations are fed back to the gNB to help the network optimizing the resource utilization and assisting UE in achieving power consumption reduction.
The power saving schemes with the power saving signal/channel triggering UE adaptation shows the power saving  with adaptation in different domains, such as DRX operation, BWP switching, and reducing PDCCH monitoring aforementioned.  The power saving signal/ channels had been shown to achieve the target miss detection probability.    The additional RS has been used in some power saving schemes to achieve the  power saving gains with the expected overhead increase.    
[The power saving schemes for the reducing power consumption of RRM measurements in all UE RRC states have been studied focusing on stationary to low mobility scenarios.  Evaluation results s show up to [69%] power saving gains for relaxation of RRM measurements in time-domain,, [5%-37%] gain for relaxation of the number of intra-frequency neighboring cells to be measured, and [21%-81%] for the measurements with additional resources.  
It is recommended the power saving schemes is selected for the work item with higher power saving gains with less performance impact]
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