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1. [bookmark: _Ref525302579]Introduction
This contribution is to include the agreements for 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).
[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.   
The PDCCH-based power saving signal/channel scheme for wake-up purpose is considered jointly with c-DRX and 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.
On each such occasion, the PDCCH-based power saving signal/channel for wake-up purpose can indicate the UE to monitor, as in legacy DRX operation, 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 is used to wake up the UE 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 further studied.
UE behaviour in case of mis-detection of the PDCCH-based power saving signal/channel for wake-up purpose should also be further studied.
The higher layer procedure in support of DCI-based PDCCH monitoring skipping was studied to achieve PDCCH monitoring/decoding reduction (Section 5.1.5). If enabled, it is assumed that DCI-based PDCCH monitoring skipping can be configured with or without DRX.
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 MAC timers are not affected by the DCI-based PDCCH monitoring skipping command.
The common understanding is that such feature should be a physical layer procedure with minimal impact, if any, on the MAC layer. It should be further studied though how/if the DCI-based PDCCH monitoring skipping command impacts L2 operation while a Random Access or scheduling request procedure is on-going.
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.
Power consumption gains can be achieved in CA configuration by reducing PDCCH monitoring in SCells.

[bookmark: _GoBack]UE's power consumption may be improved if the UE could provide following assistance information to the network: mobility history information similarly as in LTE via mobilityState, and MobilityHistoryReport (TS 36.331 []), power preference indication (similar as powerPrefIndication in LTE, in a well-defined manner), UE's preferred information related to C-DRX, BWP and SCell configurations.
The adaptation to the number of antennas (Section 5.1.3) 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 studied if this can be extended to a per-BWP MIMO layer configuration

[bookmark: _Toc3387279]6.4	Higher layer procedures for power consumption reduction in RRM measurements
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]Relaxing the 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 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 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: if UE is not at cell edge, or if UE is stationary or with low mobility.
It seems 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 rule relaxation can be continued discussing if this topic is addressed in the WI.
[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.
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 is used to wake up the UE to monitor the PDCCH during the next occurrence of the drx-onDurationTimer. At least the following should be further studied:
· Whether the PDCCH-based power saving signal/channel for wake-up purpose should be ignored while in Active Time due to other triggers than the drx-onDurationTimer
· 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
DCI-based PDCCH monitoring skipping (Section 5.1.5)
It is recommended to support the DCI-based PDCCH monitoring skipping and periodicity adaptation, with or without DRX. For this scheme to bring most value, it is recommended to consider skipping durations in a much lower range than the typical DRX cycles.
In general, both above features 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 studied if this can be extended to a per-BWP MIMO layer configuration.
UE assistance information (Section 5.1.6)
A mechanism for a UE to indicate its preference of transitioning out of RRC_CONNECTED state is beneficial, and the corresponding signalling details and whether the UE provides release assistance and/or state preference are to be further studied. It is also identified as helpful to further evaluate the following UE's assistance information: mobility history information similarly as in LTE via mobilityState, and MobilityHistoryReport (TS 36.331 []), power preference indication (similar as powerPrefIndication in LTE, in a well-defined manner), UE's preferred information related to C-DRX, BWP and SCell configurations.
RRM measurement reducation (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 seems 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 rule relaxation can be continued discussing if this topic is addressed in the WI.
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