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1 Introduction

In Rel-16 Power Saving SID, the following has been specified as one of the topics to be studied:
In this paper, we discuss an enhancement to the baseline DRX procedure that would allow different set of power-related parameters to be used in different DRX states. 

2 Discussion
It is expected that RAN1 will introduce a set of new features in Rel-16 to enable more power saving for UEs. Those new features, which may include dynamic periodicity of PDCCH monitoring, dynamic scheduling format (slot-based vs non-slot based), etc, can provide network much more flexibility in configuring how UEs are scheduled based on traffic pattern and different performance objectives. For example, network may configure wide bandwidth part and short periodicity for PDCCH monitoring to enable UE to achieve high throughput. On the other hand, when traffic load is low, network can configure UE with a narrow bandwidth part and long periodicity for PDCCH monitoring to allow UE to operate in a more power efficient mode. 
As UE goes through different states in a DRX cycle, its traffic load may change and hence its performance objective should be adjusted accordingly. For example,
· At beginning of a DRX on duration, since UE is not certain if there is going to be data to receive, it is more efficient to apply a parameter setting optimized for power saving (called low-power parameter setting thereafter), because if there is no data to receive during the entire on duration, UE then does not waste much power for staying active during the on duration. On the other hand, if there is data exchange after the initial part of on duration, starting from a low-power state would allow UE to ramp up its power in stages, which is more efficient than operating at full power immediately after waking up from sleep state.
· During DRX active time, if there is active traffic, it is better to configure UE with a parameter setting optimized for high throughout than low power (called high-throughput parameter setting thereafter). 
· Near end of DRX inactivity timer, traffic must have slowed since there has not been new data to restart the timer. UE hence should operate with a parameter setting that is more power efficient than the one used when there is more traffic activity. That would allow UE to consume least power while doing nothing but waiting for the timer to expire. In addition, this configuration has an added benefit that when UE wakes up for the next on duration, it automatically starts with a low-power parameter setting.  
Observation 1. UE can apply parameter settings optimized for different objectives (e.g. high throughput vs low power) to different DRX states to save power.
Association between parameter settings and DRX states can be implemented by either signaling or configuration. For example:
· Network can use signaling to configure a new set of parameters for UE when UE transitions from one DRX state to another. This signaling can be based on either L3, L2 or L1 and gives network full flexibility. However, since reconfiguration of parameters happen in every DRX cycle where there is data exchange, this overhead is not negligible and hence this approach is not efficient, from perspectives of both network resource utilization and UE power saving.
· Network pre-configures this association. In this approach, network can pre-define, say, two parameter settings, which are optimized for throughput and low power, respectively. In addition, network configures different DRX states to be associated with one of these two sets. When UE changes its DRX state, UE autonomously applies the parameter setting associated with the new state. For example, when DRX inactivity timer is started, UE switches from low-power to high throughput parameter setting. After a period of inactivity in traffic, UE should apply low-power parameter setting again. This period of inactivity can be defined by a new timer, which we call first-stage data inactivity timer (FS-DIT). This timer should be shorter than DRX inactivity timer and can be started or restarted at the same time when DRX inactivity is started/restarted. Figure 2 below illustrates an example of such adaptation of UE to different DRX states. 
Observation 2. It is more efficient to pre-configure repetitive adaptation of UE parameters than to use dynamic signaling.
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Figure 2. Different parameter settings are applied in different DRX states.
Based on the above discussion, we conclude that
Proposal 1. 
Different DRX states can be configured to use parameter settings optimized for different performance objectives (e.g. high throughput vs low power).

Parameters that can be included in these parameter settings may include but are limited to the following:

· BWP index. At start of a DRX on duration, a BWP with power-efficient configurations may be used to save power. Or alternatively, UE can switch to a power-efficient BWP at expiry of FS-DIT and uses the BWP in which it entered the last DRX off time. 
· Set of SCells to monitor PDCCH. At start of a DRX on duration or at expiry of FS-DIT, UE may need to monitor only a small number of SCells. Upon start of FS-DIT, UE can increase the number of SCells that it monitors. Similar scheme is also mentioned in     

· Periodicity of search space in a PDCCH that UE monitors. UE’s search spaces may be configured with two different periodicities. At start of a DRX on duration or at expiry of FS-DIT, UE may apply a long periodicity for a search space to save power. Upon start of FS-DIT, UE can switch to the shorter periodicity.
Proposal 2. 
RAN2 study which parameters to include in adaptation based on DRX states, which may include BWP index, set of SCells to monitor PDCCH, and periodicity of search spaces.
3 Conclusion
Based on the above discussions, we’d recommend RAN2 to adopt the following proposals:

Observation 1. UE can apply parameter settings optimized for different objectives (e.g. high throughput vs low power) to different DRX states to save power.
Observation 2. It is more efficient to pre-configure repetitive adaptation of UE parameters than to use dynamic signaling.

Proposal 1. 
Different DRX states can be configured to use parameter settings optimized for different performance objectives (e.g. high throughput vs low power).

Proposal 2. 
RAN2 study which parameters to include in adaptation based on DRX states, which may include BWP index, set of SCells to monitor PDCCH, and periodicity of search spaces.
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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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