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1 Introduction
RAN1 has complete the study for NR UE power saving. In [1], there summarize comprehensive evaluation results, including power saving gain, latency increase/UPT loss, and system overhead, for power saving adaptation schemes in time-domain, frequency-domain or antenna-domain. In particular, one can check the following: 
	· 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% - 35% 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 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.  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 0.5% - 85% power saving gains with the latency increase/UPT degradation in the range of (0% - 115%)/( 5%-  43%).  


For RRM power saving, 

	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.



In this contribution, we elaborate to suggest WI scope to include those power saving techniques that can achieve high power saving gain with limited latency increase of system impact.

2 Suggestion on Rel-16 NR UE power saving WI Scope
Among the power saving schemes, adaptation to the DRX operation can save up to 50% power saving gain with a moderate latency increase up to 13%. For a higher power saving gain, there can be much higher latency increment, which can restrict the applicability to latency insensitive applications. In this regard, adaptation to the DRX operation should be the first priority included in WI scope.

Observation 1: Adaptation to the DRX operation can release the highest power saving gain, 50%, subject to the moderate latency increase up to 13%. 

Proposal 1: Adaptation to the DRX operation is included in the WI scope of Rel-16 NR UE power saving.


The second place of the power saving gain with a small latency increase is achieved by adaptation to BWP/SCell operation, which show up to 35% - 45% power saving gain with latency increase up to 2.6%. Being able to efficiently exploit wideband transmission is a key differentiator from LTE in achieving much higher data rates for NR. The general guideline to apply wide bandwidth or more carriers only for the transmission of larger data while keeping a small active bandwidth for standby or small data (e.g. VoIP or background traffic) as much as possible. For the efficiency of applying a wide bandwidth for data transmission, early BWP switching and CSI provision before data scheduling is an effective solution. For keeping a small active bandwidth for standby or small data, we should include carrier aggregation into consideration. For example, SCell PDCCH monitoring is suspended when there is no data or only small data in the PCell. 

Observation 2: Applying wide bandwidth or more carriers only for the transmission of larger data provides up to 35% - 57.7% power saving gain, subject to the small latency increase of 2.6%. The strategy achieves both high data rates as well as UE power saving for NR.
Proposal 2: Adaptation to BWP/SCell operation is included in the WI scope of Rel-16 NR UE power saving. 

· Note: For the case of carrier aggregation, the focus can be adaptation on SCell PDCCH monitoring for an activated SCell while MR-DC/CA enhancement WI can focus on fast SCell activation. 


The third place of power saving gain saving gain is achieved by dynamical antenna adaptation, where power saving gain up to 30% with 4% latency increase is shown. The general concern on antenna adaptation is the resource overhead due to the reduced spectral efficiency per resource since the maximum number of supported MIMO layer number is restricted by UE antenna number. However, with dynamic antenna adaptation that can adapt UE to accommodate 4-layer transmission whenever there is data intended for the UE, there is only 2% overhead in resource utilization [2]. A possible implementation of dynamic antenna adaptation is to include the maximum MIMO layer number as a BWP-specific parameter so that BWP switching can realize both antenna and bandwidth adaptation. A Rel-15 UE that can support DCI-based UE can readily support antenna adaptation, which significantly eases UE support for the new Rel-16 feature.
Observation 3: Applying high-layer transmission only for the transmission of larger data provides up to 30% power saving gain, subject to latency increase of 4%. Dynamic adaptation on the maximum MIMO layer number can also confine the resource overhead within 2% [2] since 4-layer transmission is supported whenever necessary.

Proposal 3: Adaptation to maximum MIMO layer number along with BWP switching is included in the WI scope of Rel-16 NR UE power saving.

For RRM power saving, measurement relaxation and additional resource are studied. Among the four categories of power saving schemes, only adaptation on measurement period and additional resource provide evaluation results on system impact. For the former scheme, the evaluations show up to 17.8% - 26.6 power saving gain with less than 1% increase in handover failure rate when car speed is no larger than 60 km/hr in FR1 channels. The limited mobility impact verifies its feasibility for UEs of low to medium mobility. For the evaluations on additional resource, there can realize 19% - 38% power saving gain for idle-mode UEs with up to 1.6% system overhead w.r.t. the transmitted SSB resources. The low system overhead is achieved by either applying a long period for the provision of additional resource or that additional resource is actually an existing cell-specific resource, e.g., TRS or CSI-RS, whose information is additionally broadcasted to idle mode UEs via, e.g., RMSI. Regarding the significant power saving gain when UE is standby or idle, adaptation on measurement period and additional resource should be further investigated and specified for Rel-16 NR with particular focus on those designs with the minimum system impact.

Observation 4: Adaptation on measurement period show up to 17.8% - 26.6 power saving gain with less than 1% increase in handover failure rate when car speed is no larger than 60 km/hr in FR1 channels.

Observation 5: Additional resource can realize 19% - 38% power saving gain for idle-mode UEs with up to 1.6% system overhead w.r.t. the transmitted SSB resources.

· Note: Long periodicity or additional broadcast of an existing cell-specific resource for idle UEs is the key to achieve limited system overhead


Proposal 4: For RRM power saving, adaptation on measurement period and additional results are included in the WI scope of Rel-16 NR UE power saving, with particular focus on achieving the minimum system impact.


NR UE power saving is important in enhancing the user experience with 5G and speeding up the penetration rate of 5G services to the mass public. Power saving SI has achieved solid evaluation results on NR power saving within a very short time frame. However, EN-DC setting is not studied while it is the major deployment for 1st generation of 5G networks. The independent DRX settings in LTE and NR will significantly affect UE sleep time and power consumption if UE wakeup times are not aligned. Data delivering latency is also increased if NR carrier cannot offload the downlink data at an aligned timing with LTE DRX OnDuration. How to align UE wakeup time durations, particularly for periodic activities and measurements, between LTE and NR links should be studied in RAN2 and realized in Rel-16 specification. It is critical to effectively save whole UE power consumption in the most popular deployment setting. 
Observation 6: EN-DC UE power saving is not studied while EN-DC setting is common in the deployment of 5G networks.
Proposal 5: The RAN2 SI that will continue until June 2019, should investigate how to align UE LTE/NR wakeup times particularly for periodic activities and measurements, so as to realize EN-DC UE power saving within Rel-16 specification timeline.
3 Summary
To maximize power saving gains, while limiting latency increase, the Rel-16 NR UE power saving WI scope should include in order of priority the following:
Proposal 1: Adaptation to the DRX operation is included in the WI scope of Rel-16 NR UE power saving.


Proposal 2: Adaptation to BWP/SCell operation is included in the WI scope of Rel-16 NR UE power saving. 


Proposal 3: Adaptation to maximum MIMO layer number along with BWP switching is included in the WI scope of Rel-16 NR UE power saving.


Proposal 4: For RRM power saving, adaptation on measurement period and additional results are included in the WI scope of Rel-16 NR UE power saving, with particular focus on achieving the minimum system impact.

Proposal 5: The RAN2 SI that will continue until June 2019, should investigate how to align UE LTE/NR wakeup times particularly for periodic activities and measurements, so as to realize EN-DC UE power saving within Rel-16 specification timeline.
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