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1.
Introduction and background
The RAN1 part of the study item of NR power saving was concluded in RAN1#96 with TR 38.840. This document discusses the WI scope on NR UE power saving, based on the outcome of the concluded RAN1 part of the study item [1][2].
2.
Discussion 
Rel-15 NR supports several ways to achieve power savings, including BWP switching, configuration of C-DRX, MAC CE mechanisms related to DRX, Scell activation/deactivation and UE assistance related to overheating. In the study item of NR power saving, several schemes are identified and evaluated to show the 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. This contribution summarizes the discussion in the study item and provides our views on the scope of work item for each category of UE power saving schemes.
UE power saving schemes by enhancement to C-DRX operations

In the study item, a power saving scheme has been discussed by using power saving signal/channel as the indication whether to wake-up or not before or at the beginning of DRX ON duration. Power saving gain in a range of 8% - 50% was observed compared to the baseline with the agreed C-DRX reference configuration. The associated latency increase/UPT degradation is acceptable in the range of (2% - 13%)/(0.5%-16%), which is observed by the majority of companies. The large gain is observed for shorter C-DRX cycle lengths and especially for the application type of VOIP and Instant message. 

There are a number of proposals on power saving signaling design, which were not discussed in detail in the study item phase due to the limited time. To facilitate the future deployment of the power saving feature, it is beneficial to support wake-up signaling via hardware of the UE receiver in Rel-15, e.g. PDCCH based and CSI-RS based wake-up signaling. Besides the detailed signaling design, the UE procedure needs also to be discussed and specified when wake-up signaling is introduced for C-DRX operation. 
Given the observed power saving gains by wake-up signalling, it is proposed to support the wake-up signaling mechanism in Rel-16.

Proposal 1: Specify PDCCH-based or CSI-RS based wake-up signaling and the corresponding wake-up procedure in Rel-16.

It has also been identified that power saving gain is introduced when the C-DRX operation/configurations can be dynamically adapted/indicated by signaling. For C-DRX, the on-duration timer length, the DRX cycle length and the inactivity timer length can be configured and adapted. However, in general, the on-duration timer and the DRX cycle length usually relate to the application type and network scheduler implementation. Furthermore, the on-duration timer and the DRX cycle are also associated with periodic or semi-persistent CSI measurement/reporting and SRS transmission, which should not be changed dynamically. Thus, it is preferable to keep the on-duration timer and the DRX cycle length as semi-static. The inactivity timer starts or restarts by a grant DCI scheduling new data and therefore it is more related to dynamic buffer status and scheduling. It is thus proposed to focus more on the dynamic adaptation of inactivity timer operation than other parameters for the C-DRX. Attractive power saving from 25% to 40% has been shown by a number of companies by the dynamic adaptation/restart of inactivity timer [3][6][7].
Proposal 2: Specify dynamic adaptation to DRX operation, and focus on the dynamic indication of inactivity timer.

UE power saving schemes by enhancement to PDCCH monitoring

Enhancements to PDCCH monitoring were also discussed in the study item. One of the solution investigated is the DCI indication based PDCCH skipping in a duration of several slots or ms. The gain is observed via system level simulations by a number of companies [3][4]
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 \* MERGEFORMAT [5]. Besides the attractive power saving gains for all types of simulated traffic, another benefit is that the solution can be used by the gNB with best-effort. When the gNB has resource to send the DCI indication for PDCCH skipping, the gain can be observed. When the gNB does not transmit the DCI, the scheduling and the UE traffic shall not be impacted. This provides more flexibility for the network to dynamically balance the overhead due to the signaling and the power saving gain for UEs. On the contrary, other solutions e.g. the dynamic adjustment of PDCCH monitoring periodicity, would always require tight alignment between gNB and UE. When the signaling to trigger the change of PDCCH monitoring periodicity is missed, the scheduling of UE data would be impacted. Therefore, it is proposed to prioritize the DCI indication based PDCCH skipping for some slots/ms on PCell and Scells. 

Proposal 3: Specify DCI based PDCCH skipping for a duration on the order of several slots or milliseconds. 
Enhancements to MIMO adaptation/number of antennas

Up to 30% power saving gain has been observed from system level evaluations by a number of companies when the number of Rx antennas can be reduced from 4 Rx to 2 Rx. There can be dynamic adaptation and semi-static adaptation of the number of Rx antennas. Semi-static 4Rx/2Rx adaptation is not preferable from latency and throughput point of view, which may also increase the total reception time and offset the benefit of UE power saving. Thus, dynamic 4Rx/2Rx adaptation is preferred. One implicit approach of dynamic 4Rx/2Rx adaptation is to use 2 Rx antennas for PDCCH only reception for power saving, and once PDSCH is scheduled for data transmission 4 Rx antennas should be used by UE as soon as possible. Such approach is not expected to negatively impact the UE data rate largely since 4Rx is always used for PDSCH reception. It is also possible to use DCI to explicitly configure 4Rx or 2Rx for a UE’s reception, while it is still questionable in our view whether flexibility is needed or not considering the trade-off between power saving and latency/throughput. 
Proposal 4: Support dynamic adaptation of maximum MIMO layers/Rx antennas for power saving, while minimizing the impact on the UE throughput and latency. 
Enhancements for cross-slot scheduling for micro-sleep
From the study item, power saving gains in the range of 13% to 28% are observed with limited specification impact. Therefore, it is proposed to enhance cross-slot scheduling for power saving in Rel-16.

Proposal 5: Enhance cross-slot scheduling to enable UE micro-sleep considering all relevant DL/UL physical channels and signals.
UE assistance information
The motivation for UE reporting assistance information is to provide information that the gNB cannot obtain or it is difficult to obtain. UE assistance information can be power state, RRC release, and desired configurations for DRX, antenna, Scell and BWP. Other types of UE assistance information discussed in TR can be also considered in the work item as a second priority.

It is noted that UE assistance information is a UE recommendation to the network for the purpose of UE power saving, and gNB is not required to follow the UE assistance information in the configuration and/or scheduling.
Proposal 6: UE assistance information on power state, RRC release, and configurations is specified. Configurations for DRX, antenna, Scell and BWP are prioritized.

Observation: UE assistance information is a UE recommendation to the network for the purpose of UE power saving, and gNB is not required to follow the UE assistance information while configuring and/or scheduling.
3.  Conclusion

This paper discusses power saving schemes considered in the UE power saving study item. Our views on the work item scope are provided based on the observations and conclusions from the power saving study item. 
Proposal 1: Specify PDCCH-based or CSI-RS based wake-up signaling and the corresponding wake-up procedure in Rel-16
Proposal 2: Specify dynamic adaptation to DRX operation, and focus on the dynamic indication of inactivity timer.
Proposal 3: Specify DCI based PDCCH skipping for a duration on the order of several slots or milliseconds.
Proposal 4: Support dynamic adaptation of maximum MIMO layers/Rx antenna number for power saving, while minimizing the impact on the UE throughput and latency. 
Proposal 5: Enhance cross-slot scheduling to enable UE micro-sleep considering all relevant DL/UL physical channels and signals.
Proposal 6: UE assistance information on power state, RRC release, and configurations is specified. Configurations for DRX, antenna, Scell and BWP are prioritize.

Observation: UE assistance information is a UE recommendation to the network for the purpose of UE power saving, and gNB is not required to follow the UE assistance information while configuring and/or scheduling. 
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