
3GPP TSG RAN Meeting #83



                           

RP-190275
Shenzhen, China, March 18-21, 2019
Source:
vivo
Title:
Views on Rel-16 NR UE power saving WID scope
Agenda Item:
9.1.1
Document for:
Discussion and Decision
1. Introduction & Background
During the power saving study item, the following studies are included, 

· Evaluation methodologies (including power models)

· UE adaptation to the traffic and power consumption characteristic 

· Power saving signal/channel/procedure for triggering adaptation to UE power Consumption
· Power saving for RRM
This contribution provides consideration on the SI outcome and WI scope for further discussion.
2. UE adaptation to the traffic and power consumption characteristic
2.1. Adaptation in frequency domain
The UE power saving schemes for the UE adaptation in frequency domain in the study are as follows, 

	Observations in TR38.840:

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 8.5% - 45%  from the Rel-15 BWP operation without adaptation.   The higher power saving gain of 45% comes from suitable BWP adaptation, e.g., selection of BWP based on UE assistance information.  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 17%-29% power saving gains in relation to Rel-15 BWP adaptation with UPT improvement of 17% and 7-21% overhead.  
The power saving schemes for SCell operation show 12% - 57.75% 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 2%-7% is observed for the case of less PDCCH monitoring without data scheduling in SCell(s). The average latency increase is in the range of 0.1% - 2.6%. One source reports that the corresponding additional overhead in terms of DL resource usage is negligible.


The power saving for schemes of adaptation in frequency domain has been studied in RRC CONNECTED state. 4 companies evaluated UE adaptation to different BWP and up to 45% power saving gain is shown. The power saving schemes with UE adaptation to BWP switching show the highest power saving gains based on UE assistance information.
Furthermore, 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. 5 companies evaluated UE adaptation to different BWP and up to 57% power saving gain is shown.
Proposal 1: Specify the power saving techniques of UE adaptation to the BWP/SCell operation, e.g. faster BWP switching, or Scell activation/deactivation. 
2.2. Adaptation in time domain
The UE adaptation in time domain has been studied with following categories:
· Cross-slot scheduling
· Same-slot scheduling
· Multi-slot scheduling
	Observations in TR38.840: - for cross-slot scheduling

The power saving schemes with cross slot scheduling show 13% - 28 % power saving gain and UPT degradation 0.3 %-  5%  for minimum K0= 1, 13% - 25% power saving gain and UPT degradation 7 %,-13 % for 1< minimum K0 < 4  and 2% - 25% power saving gain for minimum K0 >= 4 and UPT degradation up to 32%.  When minimum K0>1, the power saving gain decreases and UPT degrades as the K0 increases.   Smaller power saving gain in the range 1.1% - 6.5% 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 15% is observed for larger minimum K0 values or C-DRX is not applied.


12 companies evaluated the cross-slot scheduling and the average power saving gain of cross-slot scheduling is up to 30% for different configurations. 2 companies evaluated the same-slot scheduling. It is noted that there is no consensus on the power model of same slot scheduling. 2 companies evaluated the multi-slot scheduling, and one shows there is no gain for multi-slot scheduling. Given that the cross-slot scheduling has been fully evaluated and the power saving benefit is clear. It is recommended to specify enhanced cross-slot scheduling. 
Proposal 2: Specify the procedure of cross-slot scheduling power saving techniques, e.g. cross-slot aperiodic CSI-RS triggering, UE assistant information on minimum K0/K1/K2.
For same-slot and multi-slot scheduling, it seems to have less interests from companies and less performance benefits.
2.3. Adaptation in antenna domain
The UE adaptation in antenna domain has been studied, and the followings are studied

· Relaxing/adapting MIMO layers

· Relaxing/adapting  number of Rx Antennas

	Observations in TR38.840: - for antenna domain

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 for the dynamic antenna adaptation and 6%- 30% for the semi-static antenna adaptation with some impact to the system performance, such as 4% latency increase for dynamic antenna 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 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%.  


9 companies evaluated the schemes of adaptation in antenna domain and the average power saving gain is about up to 30% for different schemes and configurations. And it is promising. The evaluated schemes include adaptation in the number of antenna/panels or MIMO layers. 
Since in the current power model, the most power saving gain comes from reducing the number receiving RF chains by reducing Rx antennas/panels, and it is not so obvious by only reducing MIMO layer but without relaxing number of antennas, it is recommended to specify adaptation both in the number of antenna/panels and MIMO layers during the work item.
Proposal 3:  Specify the power saving techniques of UE dynamic adaptation to number of antenna/panels and MIMO layers.
2.4. Adaptation in DRX operation
The UE adaptation in DRX operation has been studied. The study includes the power saving signal/channel triggering UE adaptation to DRX operation and dynamic DRX configurations.
For power saving signal/channel triggering UE adaptation to DRX operation, the followings are captured in the TR:
	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 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 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


And the observation is as follows,

	Observation: 

The powers 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 (2% - 13%)/(0.5%-16%). 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 5% - 10% is observed. The power saving gain shown by the power saving signal/channel triggering UE adaptation 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.


For RRC CONNECTED state, 14 sources provide evaluation of the schemes of adaptation to the DRX operation, and the average power saving gain is 8% - 50% comparing to the baseline with the agreed C-DRX reference configuration. Therefore, it is recommended to specify corresponding power saving signal/channel triggering UE adaptation to DRX operation. And since PDCCH-based power saving signal/channel as the wakeup signal/channel has less specification impact while provide sufficient power saving gain, it is recommended to specify PDCCH-based power saving signal/channel as the wakeup signal/channel in triggering UE adaptation to the DRX operation in RRC_CONNECTED state.

Proposal 4: Specify PDCCH-based triggering UE adaptation to the DRX operation in RRC_CONNECTED state.
2.5. Adaptation to achieve reducing PDCCH monitoring/decoding

The followings for adaptation to achieve reducing PDCCH monitoring/decoding has been studied in the study item,
· Adapting PDCCH monitoring periodicity
· skipping PDCCH monitoring
· CORESET/Search Space/blind decoding reduction

	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% ~ 63.8% is observed, with latency increase in the range of 1.25% ~ 38% and overhead 0% -1.3 %.   One source shows 85% power saving 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.

Observation:

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 0.1%~75% and overhead of 0% - 1% with one source showing 124% latency increase. Generally, the gain is higher 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. 

Observation:

PDCCH blind decoding reduction can also be used to potentially reduce the UE power consumption. Power saving gain of 1.4%-11% 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.  




The adapting PDCCH monitoring periodicity and skipping PDCCH monitoring are two schemes with many sources providing larger power saving gains than other scheme. Therefore, it is recommended to specify these two schemes.

Proposal 5: Specify DCI-based mechanism in skipping PDCCH monitoring and/or switching PDCCH monitoring periodicity.
2.6. UE assistance information

The UE assistance information for power saving has been studied, and the followings are captured in the TR:
	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 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

· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.


The evaluated schemes of UE assistance information including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, etc, and the gain can be in range of 3%-80% for different configurations. 

Based on the study, it is recommended to specify UE assistance information at least including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, etc, during the work item. 
Proposal 6: Specify the UE assistance information for the associated power saving techniques including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, UE preferred DRX/PDCCH monitoring configurations.
3. UE power saving for RRM

3.1. Adapting/Relaxing RRM measurement in time domain
For RRC CONNECTED state, adapting/relaxing measurement period is well studied in the SI and provided with the following justifications,
· Sufficient power saving gains, e.g., 11.1% - 26.6% by relaxing measurement period 4 times.

· Almost no impact on the mobility performance, e.g., handover failure rate changes from 0% -> 0.26% for 3km/h

· Sufficient sources, total 7 sources provide results for RRC CONNECTED state.

With such widely common understanding on the power saving gains, mobility impact, it is recommended to specify adapting/relaxing measurement period for RRC CONNECTED state.

Proposal 7: specify adapting/relaxing measurement period for RRC CONNECTED state.
RAN4 will leading this work particular on the RSRP/RSRQ performance, and RAN2 are also necessary to be involved for mobility performance evaluations and possible adaptation schemes. RAN1 can also be involved for comparing different adaptation schemes from power saving perspective if needed. 
3.2. Additional resources for RRM
RRM measurements with additional resource have been studied and performance evaluations have been performed. Considering the power saving gains during the study item,

	Observation: 

· For RRC IDLE/INACTIVE, by using additional resources for RRM measurement, the UE power saving is 19%~38%. Analysis on network 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 for RRC IDLE/INACTIVE, reference signal overhead may not increase. 

· For RRC CONNECTED, one source showed that, by having CSI-RS repetition for CSI-RS based RRM in FR2, the UE power saving is 11.8%~20.7% 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. 




Furthermore, it is well known and there is general consensus that an additional RRM resource will be beneficial, according to the following text captured in the TR:
	While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 

· Additional resource around the measurement occasion, e.g., for AGC assistance

· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.


Also by considering most interests for additional resources for RRM is focused on RRC IDLE / RRC INACTIVE (5 sources)

Hence, it is recommended to further specify the additional resources for RRM in the WI. The work is led by RAN1 and RAN4 may also be involved.
Proposal 8: Specify additional resources for RRM in RRC IDLE/INACTIVE state.
4. Handling of RAN2 centric work
RAN2 studies for UE power saving is not fanalized after RAN1 studies completion. Therefore, there were some RAN 2specific work needs to be considered as follows.
During SI, Dynamic DRX configuration including at least the following is studied.
	Observation: 

Dynamic DRX configuration schemes show power saving gain in the range of 8% - 70% with latency increase at 2%-323%.  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 negative 37% - 47% over the agreed baseline with Rel-15 DRX configuration selection adapt to the traffic with suitable short DRX.


7 sources provide evaluation of the schemes of dynamic DRX configuration, and the average power saving gain is in the range of 8% - 70% with latency increase at 2%-323%. Considering CDRX operation is mainly RAN2 work, it is recommended to specify dynamic DRX configuration and led by RAN2.

Proposal 9: Specify dynamic DRX configuration and led by RAN2.
Based on the RAN2 study outcome, further detailed objective can be updated after the complete of RAN2 study phase. 

Proposal 10: Update the corresponding objective after the complete of RAN2 study phase.
5. Conclusion
Thw WI scope for power saving is proposed as follows,
For power saving techniques with UE adaptation
Proposal 1: Specify the power saving techniques of UE adaptation to the BWP/SCell operation, e.g. faster BWP switching, or Scell activation/deactivation. 
Proposal 2: Specify the procedure of cross-slot scheduling power saving techniques, e.g. cross-slot aperiodic CSI-RS triggering, UE assistant information on minimum K0/K1/K2.
Proposal 3:  Specify the power saving techniques of UE dynamic adaptation to number of antenna/panels and MIMO layers.

Proposal 4: Specify PDCCH-based triggering UE adaptation to the DRX operation in RRC_CONNECTED state.
Proposal 5: Specify DCI-based mechanism in skipping PDCCH monitoring and/or switching PDCCH monitoring periodicity.
Proposal 6: Specify the UE assistance information for the associated power saving techniques including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, UE preferred DRX/PDCCH monitoring configurations.
For power saving techniques  for RRM
Proposal 7: specify adapting/relaxing measurement period for RRC CONNECTED state.
Proposal 8: Specify additional resources for RRM in RRC IDLE/INACTIVE state.
RAN2 centric work

Proposal 9: Specify dynamic DRX configuration and led by RAN2.
Proposal 10: Update the corresponding objective after the complete of RAN2 study phase.
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