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Introduction
 (
Specify, if agreed, the mechanism to provide UE assistance information [RAN2, RAN1]:
 
Study and select amongst the following UE assistance information for RAN2 by RAN#85:
power preferred information (baseline LTE PPI in a well-defined manner) and UE's preferenc
e 
on C-DRX, BWP and SCell configuration [RAN2]
.
)In Rel-16 Power Saving WID, 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. 
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. 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 values most appropriate for the active application (e.g. DRX inactivity timer, DRX cycle and activated/deactivated SCells). 
· 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/download file, UE may know more or can predict better than network when the upload/download will be complete or if user may have extra data to send/receive. 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.     

Based on the above observations, we think it is important to allow UE to provide recommendations on power-saving related configurations and parameters.
Observation 1. There are cases where UE may have more knowledge than network when and how to adjust its configurations for power saving. Hence UE should be allowed to make recommendations on power-saving related configurations and parameters.

One of the features in LTE that allows UE to send its power preference is Power Preference Indication (PPI). However, it is a common observation among companies (including operators) that the benefits of PPI is very limited, because PPI sends only a binary indication to network. That makes it very hard for network to figure out what UE prefers and what to do with it. For example, upon receiving this indication from UE, network has no idea whether UE prefers a different DRX configuration because its traffic pattern has changed, or it prefers to reduce number of SCells because of overheating. As a result, a reconfiguration applied by network may not be what UE needs. 

Observation 2. Single-bit indication similar to LTE’s Power Preference Indication provides very limited feedback to network and hence is of little use.
In NR Rel-15, UE Assistance Information (UAI) is a procedure introduced to help UE mitigate overheating problem and report delay budget to network. But the procedure defined in TS38.331 for UAI should and can be easily extended for UE to indicate its power preference to network too, because all the parameters in the Rel-15 OverheatingAssistance IE are very much relevant to power saving adaptation:
· maximum aggregated bandwidth across all DL/UL carriers per FR band;
· maximum number of DL and UL SCells;
· maximum number of downlink MIMO layers of each serving cell per FR band.
Therefore, UE should be allowed to request changes to these parameters when it needs to save power, even when UE is not experiencing overheating. In addition, instead of allowing only reduction, UE should be allowed to request increase in those parameters too when it has a surge of new traffic. 
Proposal 2.	Generalize Rel-15 OverheatingAssistance in UAI to support power saving too (change both ASN.1 and procedural text related to OverheatingAssistance IE). 

In addition to the parameters in OverheatingAssistance IE, we think additional parameters in the following can be included in Rel-16 UAI too. 
Short and long DRX cycles, DRX inactivity timer and short DRX cycle timer 
There is no doubt that DRX is one of the configurations that have most impact on UE power savings, because it directly controls UE’s power states (i.e. active or sleep) in time domain. Among all DRX parameters, 
· Although UE can request DRX cycle through delay budget report in Rel-15 UAI, that is allowed only when UE is configured with delay budget reporting (to support voice service). We believe UE should be allowed to request preferred DRX cycles (both short and long cycles) in all cases as long as DRX is configured. 
· We think DRX inactivity timer should be included in UAI as well. From field studies we have observed that considerable amount of power is wasted when large DRX inactivity timer is configured (typical value is around 100~200msec), especially when traffic is sparse. UEs, especially those with integrated architectures, can learn from user’s past behaviors and predict what the expected traffic pattern might be when an application is activated (e.g. when or whether traffic may stop in near future). Based on the predication, UE then can pick and recommend the most power-efficient value for DRX inactivity timer, so that it can switch sooner to a more power efficient state. 
· DRX short cycle timer controls how soon UE can apply more power-efficient long DRX cycle. For the same reasons we explained above for DRX inactivity timer, we think UE should be allowed to request its preferred value of DRX short cycle timer too.
Proposal 3. Extend NR Rel-15 UE Assistance Information to include short DRX cycle, long DRX cycle, DRX inactivity timer and short DRX cycle timer. 
Bandwidth part (BWP) index
[bookmark: _GoBack]In NR, UE’s bandwidth can be scaled up (e.g. by carrier aggregation) or down (e.g. by bandwidth parts). For intra-cell bandwidth control, we think what should be added is preferred BWPs on a serving cell, for the following two reasons: 
· First, this parameter would allow UE to choose how wide it wants to operate on a serving cell, depend on its power preference. For example, UE may have better knowledge when traffic load changes and hence prefers to switch from a wide BWP to a more power-efficient, narrower BWP, without waiting for network’s switching command or expiry of BWP timer. Or requests a wider BWP when UE expects a large burst is arriving soon. 
· Second, since in Rel-15 many power-related parameters are defined on a per-BWP basis, network may define multiple BWPs with the same or similar bandwidth but different configurations (i.e. one may view them as different power profiles). Such BWP configurations then allows UE to indicate which set of power configurations it prefers to use by signaling the right BWP index, instead of signaling power-related parameters individually. 
Proposal 4. Extend NR Rel-15 UE Assistance Information to include BWP index.
Which SCells to activate and/or deactivate
In addition to the total number of SCells to request, we think it is beneficial to allow UE to indicate which specific SCell to activate and deactivate. This is because different SCells can have quite different configurations, e.g. carrier bandwidth, maximum MIMO layer, etc. UE can have better control its radio resource configuration if it can specify exactly which SCells it prefers to use, e.g. deactivate a 100MHz FR2 SCell and activate a 20MHz FR1 to save power. Indicating only total number of SCells to activate or deactivate may not be sufficient for that purpose. 
Proposal 5. Extend NR Rel-15 UE Assistance Information to include which SCell(s) to activate and/or deactivate. 
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 may have more knowledge than network when and how to adjust its configurations for power saving. Hence UE should be allowed to make recommendations on power-saving related configurations and parameters.
Observation 2. Single-bit indication similar to LTE’s Power Preference Indication provides very limited feedback to network and hence is of little use.
Proposal 2. 	Generalize Rel-15 OverheatingAssistance in UAI to support power saving too (change both ASN.1 and procedural text related to OverheatingAssistance). 
Proposal 3. 	Extend NR Rel-15 UE Assistance Information to include short DRX cycle, long DRX cycle, DRX inactivity timer and short DRX cycle timer. 
Proposal 4. 	Extend NR Rel-15 UE Assistance Information to include BWP index.
Proposal 5.	Extend NR Rel-15 UE Assistance Information to include which SCell(s) to activate and/or deactivate. 
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