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1. Introduction 
In RAN plenary meeting #80 a new study item “Study on UE Power Saving in NR” was approved [1]. The objective of the SI is to study UE power saving framework taking into consideration latency and performance in NR as well as network impact. The objectives of the UE power saving study includes the following,
1) Identify techniques for UE power saving study with focus in RRC_CONNECTED mode [RAN1, RAN2]
a) 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)
i) Network and/or UE assistance information 

ii) Include mechanism in reducing PDCCH monitoring, taking into account current DRX scheme
b) Study the power saving signal/channel/procedure for triggering adaptation of UE power consumption characteristics
2) Study the UE power consumption reduction in RRM measurements in synchronous and asynchronous network deployment [RAN1/2]
3) Study the enhancement of higher layer procedures for UE power saving [RAN2]
a) Study the enhancement of UE paging procedure based on the additional power saving signal/channel/procedure
b) Study the enhancement of UE power saving procedure in supporting efficient transition from RRC_CONNECTED to RRC_IDLE/RRC_INACTIVE mode  
In this contribution, we discuss power saving schemes to reduce UE channel monitoring. 
2. Discussion 

2.1 Dynamic discontinuous reception in connected mode

Today the UE in connected mode monitors the control channel (when waiting for uplink or downlink data transmissions) by means of configuring connected mode DRX parameters, including DRX cycles and inactivity timer value. These parameters are, however, configured at RRC level. Compared to the quick scheduling opportunities within NR of the order of milliseconds, the RRC configurations are much slower, and can in many cases be cell specific rather than UE specific. Further, RRC configured parameters may typically be configured at connection setup, and then not changed over time. Hence, even if the UE monitoring of control channels needs to be configured and re-configured, with existing solutions these (re) configurations are done in a static or semi-static way. 

As a result, the UE monitoring is not tailored towards its current traffic pattern and buffer state, resulting in a large amount of time spent by the UE waiting for potential data unnecessarily. In practice this means that the UE spends too much time and energy in the “on duration times” during connected mode DRX and during “on time” of the inactivity timer.

Observation 1 – Static or semi-static configurations of both C-DRX cycles and inactivity timer value can result in high power consumption. 
To reduce the UE “idle” channel monitoring, when there is no traffic between the UE and network, we propose to study mechanisms for potential power saving so that the C-DRX configuration can be adapted based on the traffic. 

Proposal 1 – Study improvements of the DRX cycle and its configuration in connected mode and its potential adaptation to traffic 
As mentioned earlier, DRX and its associated timers are typically configured through RRC signaling. These types of signaling however, make the configuration rather static and can lead to high energy cost if the configured DRX cycle or inactivity timer is not suitable for the ongoing traffic. We therefore propose a layer one dynamic signaling mechanism where the configuration of the inactivity timer and DRX cycles in connected mode can be easily adapted based on the traffic for the UE or network conditions.

Proposal 2 – Physical layer (L1) based dynamic signaling is supported to enable adaptation of the DRX configuration to traffic. 

2.2 Bandwidth size reduction
The bandwidth parts (BWP) is a power saving feature which allows the UE to reduce its power consumption by using a smaller portion of bandwidth compared to the total system bandwidth. A BWP consists of a group of contiguous physical resource blocks (PRBs). A UE can be configured with up to three BWPs in addition to the default BWP (BWP that contains the sync/broadcast (SSB) signals). But, only one BWP can be used by the UE (so-called active BWP). 
However, the flexibility of BWP feature is somewhat limited. NR carrier bandwidth can be very wide, e.g. 1 GHz. A portion of the NR carrier. i.e. the BWP, can still be relatively wide (e.g. of the order of hundreds MHz). Depending on the traffic conditions, e.g., packet arrival time and/or packet size, the entire BWP is not needed.
Observation 2 – While active BWP configuration can reduce power consumption of the UE, its limited flexibility to traffic and network conditions can result in relatively high power consumption.  

Therefore, we propose to study the possibility of improvement of the active bandwidth and dynamically adjusting the bandwidth utilization within an allocated bandwidth part (BWP) without the need to specifically reassign/reconfigure UEs to different alternative bandwidth parts.

Proposal 3 – Study dynamic adjustment of the utilized bandwidth within the active BWP and potential adaptation to traffic.
3.   Conclusion

We make the following observation based on the discussion in Section 2.
Observation 1 – Static or semi-static configurations of both C-DRX cycles and inactivity timer value can results in high power consumption. 
Observation 2 – While active BWP configuration can reduce power consumption of the UE, its limited flexibility to traffic and network conditions can result in relatively high power consumption.  

Based on the discussion and observation in Section 2, we propose 
Proposal 1 – Study improvements of the DRX cycle and its configuration in connected mode and its potential adaptation to traffic 
Proposal 2 – A physical layer (L1) based dynamic signaling is needed to enable adaptivity of the DRX configuration to traffic. 

Proposal 3 – Study dynamic adjustment of the utilized bandwidth within the active BWP and potential adaptation to traffic.
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