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1. [bookmark: _Ref525302579]Introduction
This contribution is to capturing RAN2 agreements and recommendations after RAN2#106 meeting.
1. 
Text Proposal for TR 38.840
[bookmark: _Toc3387275]6	Higher layer procedure for UE power saving
[bookmark: _Toc3387276]6.1	UE paging procedure based on power saving signal/channel/procedure
The power saving signal/channel related paging is down-prioritized in the study. 
NOTE: It is FFS if further evaluations are required.
Extending the DRX cycle length to 10.24s in idle and inactive mode will be considered. Increasing it above 10.24s will not be studied.
A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).  It is FFS how it is enabled. The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX).
More than one UE may monitor the same Paging Occasion (PO), which can cause false paging alarms in the UE, i.e. when the UE receives a paging message on PDSCH, which is not intended for that UE, causing unnecessary power consumption in the UE. False paging alarms also occur when the UE has changed cell since it was last paged, i.e. due to mobility, where the network has to page the UE in more than one cell. However, there was no consensus to prioritize this issue for RAN2.
[bookmark: _Toc3387277]6.2	UE power saving procedure in transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE state 
A mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state to the network is beneficial to reduce UE's power consumption. And the corresponding signalling details and whether the UE provides release assistance and/or state preference are to be defined.

[bookmark: _Toc3387278]6.3	Higher layer procedures for the UE power saving schemes in RRC_CONNECTED
The higher layer procedure for the UE power saving schemes includes the required signalling and procedures (when needed) for the proposed power saving schemes in Section 5.   
[bookmark: _Toc3387263]6.3.1	PDCCH-based power saving signal/channel scheme for wake-up purpose (Section 5.1.4)
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX i.e. it is only configured when DRX is configured. If the PDCCH-based power saving signal/channel for wake-up purpose is not configured, the legacy DRX operation applies. The higher layer procedure in support of the PDCCH-based power saving signal/channel scheme for wake-up purpose should bewas studied for the power saving signal/channel schemeits adaptation to DRX operation (Section 5.1.4). 
When configured, the PDCCH-based power saving signal/channel scheme for wake-up purpose is monitored at occasions located at a known offset before the start of the drx-onDurationTimer. The offset is part of physical layer design.
The PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor or skip the PDCCH during the next occurrence of the drx-onDurationTimer. In the latter case, the UE does not start the drx-onDurationTimer at its next occasion. From higher layer perspective, in order to minimize the rate of such PDCCH-based power saving signal/channel transmission from the network, the preference is that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer.
Except for the drx-onDurationTimer, the PDCCH-based power saving signal/channel for wake-up purpose has no impact on other DRX timers and does not impact the Active Time due to other triggers than the drx-onDurationTimer. The UE behaviour when the occasion of PDCCH-based power saving signal/channel for wake-up purpose collides with Active Time due to other triggers than the drx-onDurationTimer (e.g. drx-InactivityTimer) should be addressed in the WI phase.
UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should also be addressed in the WI phase.
6.3.2	DCI-based PDCCH monitoring skipping (Section 5.1.5)
The higher layer procedure in support of DCI-based PDCCH monitoring skipping (which can include DCI-based PDCCH monitoring periodicity adaptation) was studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping could be configured with or without DRX. However, RAN2 did not reach consensus on the benefit of using PDCCH skipping without c-DRX. 
[bookmark: _Hlk8997672]DCI-based PDCCH monitoring skipping is aimed to operate on a short time scale (i.e. shorter time scale then the L2 DRX). Under this condition, it has not been identified that DCI-based PDCCH monitoring skipping duplicates the DRX functionality. 
The common understanding is that such feature should be a physical layer procedure with minimal impact, if any, on the MAC layer. The MAC timers are not affected by the DCI-based PDCCH monitoring skipping command, except for timers related to UL triggered activities (e.g. RA, SR and BFR), which should be addressed in the WI phase, namely how/if the DCI-based PDCCH monitoring skipping command impacts L2 operation while a Random Access or scheduling request procedure is on-going.
Further simulation results involving more elaborated scenarios (short DRX, DRX MAC CE) compared to those shown in Section 5.1.5, are provided in Annex.
6.3.3	Power saving in CA/DC
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
UE’s power consumption can be reduced in CA configuration by reducing PDCCH monitoring on activated SCells.  Details of such mechanisms can be further discussed in the WI phase. 
Methods for reducing power consumption in DC configuration (EN-DC in particular) should also be supported. 
Enhancements to Rel-15 DRX procedure can be discussed further in the WI phase, if they do not violate the general principle of single DRX configuration per MAC entity.
6.3.4	UE assistance information (Section 5.1.6)



UE's power consumption may be reduced if the UE could provide following assistance information to the network: mobility history information (e.g. similarly as in LTE via mobilityState, and MobilityHistoryReport (TS 36.331)), power preferred information (baseline LTE PPI in a well-defined manner) related to C-DRX, BWP and SCell configurations.
6.3.5	Adaptation to the number of antennas (Section 5.1.3)
The adaptation to the number of antennas was briefly studied and it is recommended to support the possibility to configure a different MIMO layer configuration for the initial/default BWP compared with other BWPs of a Serving Cell. It should be further considered in the WI phase if this can be extended to a per-BWP MIMO layer configuration.
6.3.6	Other
The concept of a timer-based uplink BWP switching mechanism, similar to the current mechanism used for the DL BWP, is not supported in Rel-16.
[bookmark: _Toc3387279]6.4	Higher layer procedures for power consumption reduction in RRM measurements
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Relaxing the serving and neighbour cell measurements for NR UE was studied, considering the mobility-related aspects. RRM measurement relaxation for serving cell is down-prioritized for UE in any RRC state. RRM measurements for neighbour cells in both intra and inter-frequencies can be relaxed for UEs in RRC_CONNECTED and RRC_IDLE/INACTIVE. Measurement relaxation for UEs in RRC_CONNECTED is under network control.  
The relaxed monitoring criteria under which the UE may relax RRM measurements was studied. The relaxed monitoring criteria may include the following aspects, but are not limited to:
•	UE mobility status (e.g. serving cell variation, speed, movement, direction, cell re-selection, UE type …)
•	Link quality (e.g. serving cell threshold/quality, position in cell …)
•	Serving cell beam status (e.g. beam change, direction, beam specific link condition…)
The exact relaxation criteria are to be defined, and the following two should be treated with higher priority: 1) if UE is not at cell edge, 2) if UE is stationary or with low mobility.
It is beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers/SSB to be measured.
Measurement relaxation rules can be discussed further, involving RAN4, if this topic is addressed in the WI.
Further simulation results addressing mobility performance evaluation for time domain RRM measurement relaxation are provided in Annex.
[bookmark: _Toc3387280]7	Conclusions
The UE power saving study completes the UE power consumption model for evaluation based on the inputs from many sources. Evaluation results have been shown based on the UE power consumption model through calibration and subsequent evaluations. 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 show12% - 57.75% power saving gain with average latency increase 0.1% - 2.6%.
-	The power saving schemes with cross-slot scheduling shows up to 2%-28% power saving gains with UPT degradation 0.3%-25%. The power saving gain decreases and the UPT degradation increases as the K0 increase. The power saving gain 15%-17% and 0% -93% overhead increases 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 3%-30% power saving gain and 4% latency increase for dynamic antenna adaptation. The power saving gain 6%-30% is observed for semi-static antenna adaptation with expected latency and UPT degradation.  Additional network resource is used for compensation of the loss of multi-antenna processing gain. 
-	The power saving schemes with UE adaptation to the DRX operation shows 8%~50% power saving gains with latency increase in the range of 2%~13%. The power saving gain for dynamic DRX configuration/adaptation is 8%-70% with latency increase 2% - 323%. Rel-15 enabled DRX operation shows negative 37% to 47 % power saving gain over the agreed baseline. 
-	The power saving schemes for dynamic adaption of UE PDCCH monitoring shows 5% - 85% power saving gains with the latency increase/UPT degradation in the range of (0% - 115%)/( 5%-  43%). 
It is noted that the combined power saving techniques (as listed above) may not necessarily provide linear addition of individual power saving gains. It is noted that the power saving gains shown in the specific context as cited above are relative numbers, while it is understood that the absolute percentage of power consumption for a specific context may vary depending on the actual usage. 
The UE assistance information provides the gNB additional information in facilitating 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.
For adapting/relaxing RRM measurement in time domain
-	11.1% - 26.6% and 7.4% - 17.8% power saving gains are shown for increasing measurement period 4 times and 2 times respectively for RRC CONNECTED state, 17.9%-19.7% and 0.89%-5.36% power saving gains are shown RRC IDLE/INACTIVE state by increasing measurement period for 1 SSB burst set for measurement and periodic activities and 2 or 3 SSB burst set for measurement and periodic activities respectively. 
-	For stationary or low mobility (e.g., 3km/h) case, increasing measurement period has less impact (e.g., handover failure rate changes from 0% to 0.26% for 3km/h by extending 4 times measurement period) to the mobility performance compared to high mobility cases (e.g., handover failure rate changes from 0%-1% for 60km/h by extending 4 times measurement period).
For adapting/relaxing RRM measurement for intra-frequency measurement by reducing the number of measured cells, 
-	By assuming number of neighbouring cells to be measured is reduced, it is shown that about 4.7% - 7.1% power saving gain can be observed if reducing the number of measured cells for IDLE state. 1 source shows that about 1.8% - 21.3% power saving gain can be observed if reducing the number of measured cells for CONNECTED state.
-	In additional to that, by also assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity, 26.43% - 37.5% power saving gain is shown. 
-	The corresponding performance impact was not reported and summarized
For additional resource for RRM measurement 
-	For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving gain is 19%~38%. Analysis on network architecture impact, higher-layer/PHY-layer signaling overhead and network energy consumption is not provided. Two sources report 1.6% of SSB overhead for 160ms additional reference signals periodicity assuming that SSB burst set periodicity is 20ms. If static UE specific signals (e.g., CSI-RS) for connected mode UEs can be reused as additional resource for RRM, reference signal overhead may not increase. 
-	For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM, the UE power saving gain is 11.8%~20.7% by assuming that CSI-RS overhead of baseline is identical to CSI-RS overhead with enhancement. The analysis on handover failure rate is not provided under the assumed overhead.  
-	For reducing the number of measured inter-frequency layers
-	2 sources show that reducing the number of measured inter-frequency layers can provide 21%~38% power saving gain for RRC CONNECTED states, and 1 source shows 14%~35% power saving gain for RRC IDLE states by assuming reducing inter-frequency layers from 6 to 3. The mobility performance impact is not provided.
It is noted that for RRM evaluation, PDCCH-only monitoring without data is assumed for RRC CONNECTED state.
Further conclusions from the study of higher layer procedures are given below.
[bookmark: _Hlk8999296]PDCCH-based power saving signal/channel scheme for wake-up purpose (Section 5.1.4)
It is recommended that the PDCCH-based power saving signal/channel for wake-up purpose is used to indicate to the UE to wake up to monitor the PDCCH during the next occurrence of the drx-onDurationTimer. At least the following should be addressed in the WI:
· 
· UE behaviour when the PDCCH-based power saving signal/channel for wake-up purpose collides with any event part of legacy Active Time (e.g. DRX Inactivity timer)
· UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose
[bookmark: _Hlk8999416]DCI-based PDCCH monitoring skipping (Section 5.1.5)
RAN2 studied the DCI-based PDCCH monitoring skipping, with or without DRX. For this scheme to bring most value, it is recommended to consider skipping durations shorter than the L2 DRX cycles. The final recommendation on whether to support the DCI-based PDCCH monitoring skipping scheme, and with or without DRX, in the WI is left to the plenary. 
In general, the above feature could and should be designed to have minimal impact on the MAC layer. 
MIMO layer adaptation (Section 5.1.3)
It is recommended to support the possibility to configure a different MIMO layer configuration for the initial/default BWP compared with other BWPs of a Serving Cell. It should be further considered in the WI phase if this can be extended to a per-BWP MIMO layer configuration.
UE assistance information (Section 5.1.6)
Fast RRC state transition 
It is recommended to support a mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state. The corresponding signalling details and whether the UE provides release assistance and/or state preference are to be addressed in the WI phase.
Power saving in CA/DC
UE’s power consumption can be reduced in CA configuration by reducing PDCCH monitoring on activated SCells.  Details of such mechanisms should be worked out in the WI phase. 
Methods for reducing power consumption in DC configuration (EN-DC in particular) should also be supported in the WI. 
Enhancements to Rel-15 DRX procedure can be discussed further in the WI phase, if they do not violate the general principle of single DRX configuration per MAC entity.
UE assistance information (Section 5.1.6)
It is also identified as helpful to further evaluate the following UE's assistance information: mobility history information (e.g. similarly as in LTE via mobilityState, and MobilityHistoryReport (TS 36.331) if not being discussed in other WIs), power preference indication (baseline LTE PPI in a well-defined manner), UE's preferred information related to C-DRX, BWP and SCell configurations. Other information that RAN1 considers as beneficial for UE power saving can be included in the UE assistance information.
RRM measurement relaxation (Section 5.3)
RRM measurement for neighbour cells for both intra and inter-freq can be relaxed for UE in RRC_CONNECTED and RRC_IDLE/INACTIVE. Measurement relaxation in RRC CONNECTED is under network control.
The exact relaxed monitoring criteria under which the UE may relax RRM measurements are to be defined, and the following two should be treated with higher priority: if UE is not at cell edge, or if UE is stationary or with low mobility.
It is beneficial to perform RRM measurement relaxation by allowing measurements with longer intervals, and/or by reducing the number of cells/carriers/SSB to be measured.
Measurement relaxation rules can be discussed further, involving RAN4, if this topic is addressed in the WI.
Power saving for paging procedure
RAN2 studied extending the DRX cycle length to 10.24s in idle and inactive mode. A power saving specific rule will be defined for DRX cycle determination in idle and inactive mode, in the presence of different DRX cycle configurations (e.g. UE specific and default).  The corresponding details will be addressed in the WI phase. The DRX cycles are decided by the network based on UE preference indications. All enhancements are aiming at reusing existing mechanism (e.g. eDRX). The final recommendation on whether to support extending the DRX cycle length to 10.24s in idle and inactive mode in the WI is left to the plenary.

The issue of false paging alarms in the UE caused by more than one UE monitoring the same Paging Occasion (PO) was studied but no consensus was reached to prioritize solving it.


Annex <Y>: Simulations from RAN2
A. DCI-based PDCCH skipping simulations
A1	Source: Intel
Performance comparison of PDCCH skipping vs Rel-15 NR mechanism focusing on long/short DRX and DRX MAC CE is shown in this section, with detailed simulation assumption in [R2-1908127].
A1.1	Short DRX vs PDCCH skipping evaluation
The following scenarios are evaluated: (1) long DRX cycle, (2) long DRX cycle and PDCCH skipping (not monitoring for 10ms), (3) long DRX cycle and short DRX cycle and (4) long DRX cycle, PDCCH skipping (not monitoring for 10ms) and short DRX cycle .The simulation evaluation follows the assumptions explained in [R2-1908127] with the FTP model 3 traffic (which shows a 41% probability of packet arrival during the active time) and with the C-DRX configuration corresponding to:
Table A1.1-1 DRX configuration for the evaluation
	Long DRX cycle length
	80 ms
	40 ms
	80 ms
	40 ms

	Inactivity timer
	5  ms
	5 ms
	5 ms
	5 ms

	On duration
	8 ms
	4  ms
	8 ms
	4 ms

	Short DRX
	-
	-
	40 ms
	20 ms

	Short DRX timer
	-
	-
	3
	5



Table A1.1-2 provides the simulation results including the mean power consumption per slot, delay, user throughput, system throughput and resource utilization (RU) for the different UE's cell locations and scenarios (1)-(4). 
Table A1.1-2 Simulation results when evaluating short DRX vs PDCCH skipping (referred as GTS)
	Scenario
	(1) L-DRX
	(2) L-DRX +
GTS
	(3) L-DRX +
S-DRX
	(4) L-DRX +
S-DRX+ GTS

	Long DRX cycle [ms]
	80
	40
	80
	40
	80
	40
	80
	40

	Mean power 
consumption per slot
	5%(*)
	33
	35
	26
	28
	38
	42
	26
	30

	
	50%(*)
	26
	29
	19
	22
	31
	37
	20
	25

	
	95%(*)
	24
	27
	16
	20
	29
	36
	18
	23

	Delay CDF
[ms]
	5%(*)
	51.17
	28.7
	57.06
	31.53
	37.6
	23.56
	43.63
	26.23

	
	50%(*)
	41.22
	22.98
	47.03
	26
	30.57
	18.92
	36.96
	21.72

	
	95%(*)
	38.4
	21.15
	44.22
	24.1
	28.5
	17.17
	34.57
	19.94

	User throughput
[Mbyte/s]
	5%(*)
	93.5
	153.7
	84.5
	140.4
	121.9
	183.6
	106.1
	165.6

	
	50%(*)
	109.2
	182.6
	96.6
	162.6
	143.2
	219.1
	119.7
	192.4

	
	95%(*)
	116.1
	197.5
	101.9
	174.5
	153
	239.5
	127.6
	207.9

	System throughput [Mbyte/s]
	107.4
	180.6
	95.2
	161
	140.8
	217.8
	118.8
	191

	RU, %
	80.4
	69.3
	97.5
	94.1
	72.9
	60.5
	95.9
	89.2


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
Figure A1.1-1 depicts the mean power consumption per slot for the case of 80ms and 40ms Long DRX cycles for the different UE's cell locations and scenarios (1)-(4):
[image: ]
[bookmark: _Ref8996341]Figure A.1.1-1. Power consumption for different UE's cell locations and scenarios (1)-(4)
Figure A1.1-1 shows a reduction on power consumption when using scenario (2) "Long DRX + PDCCH skipping" vs when using scenario (3) "Long DRX + Short DRX". For the 80msg Long DRX cycle case, the percentage difference in comparison to scenario (1) "Long DRX" is by around 36%, 46%, 54% depending on the UE's location on the cell (cell edge, middle and center). This results shows the benefits when using PDCCH skipping independent of the usage of short DRX cycle. 
 
A1.2	DRX MAC CE vs PDCCH skipping evaluation
The following scenarios are evaluated for the same DRX configuration: (5) DRX with PDCCH skipping (not monitoring for 10ms), (6) DRX with PDCCH skipping (not monitoring for 20ms), (7) DRX with PDCCH skipping (not monitoring for 40ms), and (8) DRX with MAC CE. The simulation evaluation follows the assumption explained in [R2-1908127] with the FTP model 3 traffic (which shows a 41% probability of packet arrival during the active time) and with the C-DRX configuration corresponding to:
Table A1.2-1 DRX configuration for the evaluation
	Long DRX cycle length
	160 ms

	Inactivity timer
	100 ms

	On duration
	8 ms

	Short DRX
	-

	Short DRX timer
	-



Table A1.2-1 provides the simulation results including the mean power consumption per slot, delay, user throughput, system throughput and resource utilization (RU) for the different UE's cell locations and scenarios (5)-(8).  
[bookmark: _Ref8996950]Table A1.2-2 Simulation results when evaluating DRX MAC CE vs PDCCH skipping (referred as GTS)
	Scenarios
	(5) DRX + 
GTS 10ms
	(6) DRX + 
GTS 20ms
	(7) DRX + 
GTS 40ms
	(8) DRX + 
DRX MAC CE

	Power consumption 
	5%(*)
	31.38
	27.51
	25.82
	27.07

	
	50%(*)
	24.98
	20.73
	18.9
	19.07

	
	95%(*)
	22.85
	18.35
	16.46
	15.74

	Delay CDF
[ms]
	5%(*)
	77.99
	80.67
	83.27
	110.48

	
	50%(*)
	63.25
	66.25
	68.58
	90.37

	
	95%(*)
	58.8
	60.79
	63.68
	84.47

	User throughput
[Mbyte/s]
	5%(*)
	69.1
	66.4
	64.1
	50.8

	
	50%(*)
	79.8
	76.1
	73.3
	57.1

	
	95%(*)
	85.3
	81.8
	77.9
	60.2

	System throughput [Mbyte/s]
	78.7
	75.6
	72.5
	56.3

	RU, %
	86.1
	92.7
	97.1
	99.1


(*) #% represents UE's location in the cell based on the SINR with 5% for cell edge, 50% for cell middle, 95% for cell center
Figure A1.2-1 depicts UE's mean power consumption per slot, delay and user throughput for the different UE's cell locations and scenarios (5)-(8): 
[image: ]
[bookmark: _Ref8997199]Figure A1.2-1 Power consumption, delay and throughput for different UE's cell locations and scenarios (5)-(8)
Figure A1.2-1 shows that DRX MAC CE provides higher power saving in most cases than the PDCCH skipping while increasing the delay and decreasing the throughput. In the cell edge (5% case), the power consumption is increased by around 16% for scenario (5) PDCCH skipping of 10ms, while is decreased by around 4.6% for scenario (7) PDCCH skipping of 40ms (in comparison to scenario (8) DRX MAC CE). Therefore PDCCH skipping provides less impacts to delay and user throughput than DRX MAC CE while reducing UE's power consumption. 

A2	Source: Xiaomi Communications
This section includes simulation comparison results of PDCCH-Skipping and DRX with the PDCCH-based power saving signal/channel considering existing Rel-15 DRX functionality i.e. DRX Short cycle, MAC CE.
The simulation is captured in [R2-1906493] and follows the scenario definition and the agreed power model from the calibration.
The modeling assumption for PDCCH-based WUS is based on roughly 1/3 of the PDCCH-only power level. The ideal PDCCH skipping or DRX Command MAC CE is used, i.e. network will trigger PDCCH skipping or DRX Command MAC CE immediately when DL buffer is empty. And for the DRX Command MAC CE 3ms delay was considered. The MAC CE was sent when drx-InactivityTimer is running.
Table A2-1: Evaluated configurations
	Case
	Skipping (slots)
	DRX cycle (ms) 
	onDuration
(ms)
	Inactivity timer (ms)
	DRX Short cycle
	Number of short cycles

	Case0 – No MAC CE, No DRX Short cycle
	-
	160
	8
	100/5
	-
	-

	Case11 – PDCCH Skipping
	10ms
	160
	8
	100/5
	-
	-

	Case12 – PDCCH Skipping
	5ms
	160
	8
	100/5
	-
	-

	Case2 –MAC CE
	-
	160
	8
	100/5
	-
	-

	Case21 –MAC CE +DRX Short cycle #1
	-
	160
	8
	100/5
	10 
	10

	Case22 –MAC CE+ DRX Short cycle #2
	
	160
	8
	100/5
	20
	5

	Case23 –MAC CE+ DRX Short cycle #3
	
	160
	8
	100/5
	40
	3

	Case24 –MAC CE+ DRX Short cycle #4
	
	160
	8
	100/5
	80
	2



The configurations presented in Table A2-1 were evaluated for power saving and latency. The obtained results are shown in Figure A2-1 and Figure A2-2. The primary y-axis is the energy consumption of the current set relative to the baseline set (Case0) which consumes the most energy, while the secondary y-axis is the mean latency.
1) 100ms Inactivity Timer:
            [image: ]
Figure A2-1 Performances of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping (100 ms Inactivity Timer)
2) 5ms Inactivity Timer:
                     [image: ]
Figure A2-2 Performances of C-DRX with MAC CE+ DRX Short cycle+WUS and PDCCH skipping (5ms Inactivity Timer)
Observations:
· PDCCH skipping in general reduces power consumption compared to C-DRX baseline while causing negligible latency increase;
· DRX Command MAC CE provides significant power saving gain while brings huge delay when DRX Short cycle is not configured.
· The introduction of the DRX Short cycle greatly alleviates the delay caused by DRX Command MAC CE while brings slightly higher energy consumption. 
· The proper use of C-DRX with MAC CE, DRX Short cycle combined with WUS would bring similar power saving gain and delay compared to the PDCCH skipping.

B. Mobility evaluation results for time domain RRM measurement relaxation
B1 	Source: vivo
In order to further study the mobility impact for relaxed measurement period in time-domain on mobility performance from RAN2 perspective, system level simulations are performed with different UE speeds and varied the measurement period. 
The simulation scenario is dense urban deployment with 7 sites (3 cells per site, hexagonal grid) where each cell is covered by a sector antenna. Single frequency layer was assumed, thus no inter-frequency measurements were considered. More detailed simulation assumptions are listed in [R2-1905962]. In these simulations, UE measures [1, 2, 5] samples during one measurement period and the measurement period is varied within 200, 400 and 800ms with UE speeds of 0 km/h, 30km/h and 60km/h. That is to say, L3 filter period is from 200ms to 800ms. And L1/L3 sample interval is 40ms if 5 samples per measurement period of 200ms is assumed. Time to trigger value of 0ms, 320ms and 640ms were used respectively. UE mobility/handover model and mobility performance metric follows TR36.839, where the handover is initiated based on an A3 RSRP measurement event (A3 event is also the major event for handover triggering from practical deployment). Detailed simulation model is also provided in [R2-1905962].
For RRM measurement relaxation for all UEs in a cell, it is observed that:
· For 3km/h UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact on handover failure rate is negligible (i.e.,<=0.043% handover failure rate).
· For 30km/h or higher UE speed, relaxing the measurement period by 4 times, i.e. from 200ms to 800ms, impact on handover failure rate is non-negligible.
· For UE speed not higher than 30km/h, the impact of L1 measurement samples on handover failure rate is negligible (i.e., <=0.120% handover failure rate).
Table B1-1: Handover failure rate with different measurement periods (5 samples during one measurement period) for RRM measurement relaxation for all UEs in a cell 
	
	UE speed 3km/h
	UE speed 30km/h
	UE speed 60km/h

	L3 Period(ms)
	200
	400
	800
	200
	400
	800
	200
	400
	800

	Timer-to-trigger: 0ms
	0.000%
	0.043%
	0.043%
	0.013%
	0.135%
	3.019%
	0.052%
	2.117%
	15.840%

	Timer-to-trigger: 320ms
	0.000%
	0.043%
	0.043%
	0.069%
	0.334%
	5.135%
	0.375%
	4.823%
	21.461%

	Timer-to-trigger: 640ms
	0.043%
	0.043%
	0.043%
	0.114%
	0.755%
	7.777%
	1.519%
	9.190%
	27.117%


Table B1-2: Handover failure rate with different measurement L1 samples and same L3 period (measurement period is 200ms) for RRM measurement relaxation for all UEs in a cell
	
	UE speed 3km/h
	UE speed 30km/h
	UE speed 60km/h

	Samples in 200ms of L3 Period
	5
(L1: 40ms)
	2
(L1: 100ms)
	1
(L1: 200ms)
	5
(L1: 40ms)
	2
(L1: 100ms)
	1
(L1: 200ms)
	5
(L1: 40ms)
	2
(L1: 100ms)
	1
(L1: 200ms)

	Timer-to-trigger: 0ms
	0.000%
	0.000%
	0.000%
	0.013%
	0.019%
	0.019%
	0.052%
	0.057%
	0.036%

	Timer-to-trigger: 320ms
	0.000%
	0.000%
	0.000%
	0.069%
	0.069%
	0.050%
	0.375%
	0.318%
	0.268%

	Timer-to-trigger: 640ms
	0.000%
	0.000%
	0.000%
	0.114%
	0.120%
	0.120%
	1.519%
	1.413%
	1.069%



For RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP threshold, it is observed that:
· For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from 200ms to 800ms, has no impact on mobility performance. 
· For 30km/h UE speed, RRM measurement relaxation for partial UEs in a cell based on RSRP can achieve much lower handover failure rate (i.e., <=0.140% for 400ms measurement period, and <=0.654% for 800ms measurement period) than RRM measurement relaxation for all UEs in a cell, when the RSRP threshold is set to be 50% point of CDF curve for all UEs’ serving cell RSRP.
· If the RSRP threshold is set to be an even higher value, e.g., 80% point of CDF curve for all UEs’ serving cell RSRP, or set to be the threshold of S-measure, the handover failure rate is expected to be more negligible and even near to 0.
At least RRM measurement relaxation for partial UEs in a cell based on configurable relaxation conditions, e.g. RSRP threshold, needs to be further considered.
Table B1-3: Handover failure rate comparison between RRM measurement relaxation for all UEs in a cell and RRM measurement relaxation for partial UEs in a cell based on RSRP
	
	UE speed 30km/h

	
	L3 period = 400ms
	L3 period = 800ms

	
	TTT=0ms
	TTT=320ms
	TTT=640ms
	TTT=0ms
	TTT=320ms
	TTT=640ms

	RRM relaxation for all UEs in a cell
	0.135%
	0.334%
	0.755%
	3.019%
	5.135%
	7.777%

	RRM relaxation for partial UEs in a cell based on RSRP
	0.019%
	0.082%
	0.140%
	0.206%
	0.387%
	0.654%


For stationary or low speed UE, i.e. no more than 3km/h, relaxing the measurement period 4 times, i.e. from 200ms to 800ms for all UEs in a cell, should be supported. The RRM measurement relaxation criteria based on the measurment of serving cell quality can be further considered, e.g. when the measurement results is higher than a threshold, the RRM measurement relaxation can be appled.

Note: The above simulation results apply when the NW can reliably determine the UE speed (e.g. stationary, 3km/h, 30km/h).
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