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1 Introduction

In Rel-16 Power Saving SID, network and/or UE assistance information is included as one of the topics to be studied. 
In this paper, we discuss the set of parameters that should be included in UE assistance information. 
2 Discussion

In general, network has full control of UE’s radio configurations. However, when it comes to power related operations, UE often has more or better knowledge than network when and how to adjust its configurations. For example, 
· When UE’s battery level is low, it is desirable to adjust UE’s configurations to more power efficient settings. Currently, network has no way of knowing UE’s battery status and adaptively reconfigure UE accordingly; 
· When extending a UE’s battery life is important, user may wish to conserve power on his/her smartphone (e.g. on some makes of smartphones users can choose low power mode in the system menus) even before the battery runs out of power. Such a user input can be used to adjust UE’s radio configuration accordingly. More generally, many parameters may be selected based on the trade-off between user experience and power consumption. For example, the longer DRX cycle is, the more power UE may save, but the longer delay user may experience. Therefore, depend on user’s preference, different DRX parameters may be selected based on different performance objectives. As such a selection has to be made by UE, it is important to allow UE to provide recommendation to network.  
· UEs, especially those with integrated architectures, can learn from the past user behaviors and predict what the expected traffic pattern may be when an application is activated (e.g. which web sites, reading time per page, etc). Based on the prediction, it then can recommend to network the most power-efficient configurations (e.g. DRX parameters). 
· UE may have more knowledge than network whether there will be more data in the near future. For example, if a connection is initiated by UE to upload file, UE may know more or can predict better than network when the upload will be complete or if user may have extra data to send. With such knowledge, UE can either proactively request a release of its RRC connection before network does or request a shorter dataInactivityTimer from network, so that it may go into a more power-efficient RRC mode much sooner.     
Observation 1. There are cases where UE may have more knowledge or can predict better than network when and how to adjust its configurations for more power savings.

Based on the above observations, we think it is important to allow UE to provide recommendations on power-saving related configurations and parameters.
Proposal 1. UE should be allowed to make recommendations on power-saving related configurations and parameters.

For power saving, we think it is beneficial to allow UE to provide recommendations on the following categories of configurations and parameters:  

· DRX parameters and data inactivity timer. DRX is one of the configurations that has most impact on UE power savings, because it directly controls UE’s power states (i.e. active or sleep) in time domain. As we explained earlier, UE may select a set of DRX parameters based on either expected traffic pattern or user preference. The set of DRX parameters that UE may recommend can include DRX cycle (already in Rel-15), DRX inactivity timer and on duration. Similarly, if UE has better knowledge or prediction than network when or whether traffic may stop in near future, it is more power efficient for UE to recommend to network what value of data inactivity timer to use, so that it can switch sooner to a more power efficient state. 
· Bandwidth configuration. In NR, UE’s bandwidth can be flexibly scaled up (e.g. by carrier aggregation) or down (e.g. by bandwidth parts). As we know, UE’s power consumption is directly related to the total bandwidth it operates with. Among bandwidth related parameters, we think UE may recommend which bandwidth part to use, the total aggregated bandwidth it operates (already possible in Rel-15), and number of DL and UL carriers on different frequency bands (FR1 vs FR2). In addition, UE may also request to activate or deactivate a SCell or a SCG, depend on its bandwidth need.
· Antenna configuration. As one may know, the more MIMO layers UE uses, the more power it consume. Similarly, in mmW operations, UE may increase or reduce number of antenna panels to scale its throughput. Therefore, similar to bandwidth, UE should be allowed to scale up and down its MIMO layers or number of antenna panels, depend on its power preference.  
· PDCCH search space configuration. PDCCH monitoring is one of the most power expensive procedure for UE, because UE has to perform blind decoding in each configured monitoring occasion to search potential PDCCH messages. Therefore, parameters of UE’s search space directly affect how much power UE consumes on PDCCH monitoring/decoding. Parameters to include in UE’s recommendation may include periodicity, duration and aggregation level of UE’s search space.

· Scheduling parameter. It is a common understanding in RAN1 that HARQ timeline has impact on UE’s power consumption. For example, cross-slot DL scheduling allows UE to sleep immediately after the end of the last PDCCH symbol for an unscheduled slot and hence reduce UE’s power consumption. On the other hand, when traffic load is high, UE should switch to same-slot scheduling to reduce latency. Therefore, it is beneficial for UE to be able to indicate its preference on scheduling parameters to network. Parameters to include in UE’s recommendation may include the k parameters and scheduling format (e.g. slot-based vs non-slot based).
· Mobility parameters. RRM and beam management are known to be power expensive procedures. Power consumed by these procedures depend on how frequent they are performed, which to a large extent depends on UE’s mobility. Currently, network can only guestimate UE’s mobility from link quality measurements, which often result in excessive measurements and hence higher power consumption. UE’s mobility parameters (e.g. speed and expected trajectory) provided by UE can give network a direct idea on how to optimizes UE’s RRM and beam management parameters.          
Proposal 2. RAN2 consider including the following set of parameters in UE’s recommendation to network: DRX parameters, data inactivity timer, bandwidth related parameters, antenna configurations, search space parameters, scheduling parameters, and mobility parameters.

In NR Rel-15, UE Assistance Information is a procedure introduced to help UE mitigate overheating problem and report delay budget to network. The procedure defined in TS38.331 is a good means for UE to send feedback or indicate its preference to network. Therefore, to simplify implementation and avoid reinventing wheels, we propose that the existing UE assistance information be expanded to include the parameters listed above and the UE assistance information procedure be reused to signal UE’s recommendation or preference on power-saving parameters.  
Proposal 3. UE Assistance Information defined in NR Rel-15 can be extended to include UE’s recommendation for power saving configuration and parameters.
3 Conclusion
Based on the above discussion, we make the following observations and recommend RAN2 to discuss and adopt the following proposals:   
Observation 1. There are cases where UE has more knowledge or can predict better than network in when and how to adjust radio configurations for more power savings.

Proposal 1. UE should be allowed to make recommendations on power-saving related configurations and parameters to network.

Proposal 2. RAN2 consider including the following set of parameters in UE’s recommendation to network: DRX parameters, data inactivity timer, bandwidth related parameters, antenna configurations, search space parameters, scheduling parameters, and mobility parameters.
Proposal 3. UE Assistance Information defined in NR Rel-15 can be extended to include UE’s recommendation for power saving configuration and parameters.

4 References

Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]


Study UE adaptation to the traffic and UE power consumption characteristics in frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving


(Note: existing UE capabilities are assumed for UE processing timeline)


Network and/or UE assistance information


Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
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