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1. Introduction

This paper will introduce the peformance limit in current LTE C-DRX, and suggest one of possible enhancements for NR. 
2. Discussion
2.1
C-DRX in LTE
The current DRX parameters are configured by RRC. In the connected mode, the couple of DRX cycle, i.e. short DRX cycle and long DRX cycle, is configured as shown in Fig. 1. The latency can be reduced with the short DRX cycle, while the power consumption can be mitigated with the long DRX cycle. The eNB can switch the DRX cycle to be applied between the short and long DRX quickly by using two specific MAC CEs such as DRC Command MAC CE and Long DRX Command MAC CE. As a timer, drxShortCycleTimer, expires, the short DRX cycle is also switched to the long DRX cycle. 
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Fig. 1
legacy DRX operation in CONN
The C-DRX in LTE is characterized by 

· eNB configures two state, i.e. long DRX and short DRX via RRC while considering the characterization of configured DRB and the information (e.g. powerPreferenceIndication, mobility history) reported by UE

· The transition between long and short DRX is performed with a specific MAC CE and timer

· Active Time happens every DRX cycle, and the Active Time is common for all serving cells belonging to same cell group

· UE measurement requirement is associated with DRX cycle, i.e. radio link monitoring, neighboring cell measurement, deactivated serving cell measurement

· CSI transmission is performed based on the Active Time and/or onDuration

· HARQ feedback, random access, scheduling request and PUSCH transmission (e.g. SPS) are independent to the Active Time

· One drx inactivity timer per MAC entity. The timer restarts whenever the PDCCH indicates a new transmission
· One HARQ retransmission timer per MAC entity

· One retransmission timer per HARQ process

· All timers are running based on SFN/subfame
2.2
Performance Limitation in Current DRX
Single parameter set

To strike balance between complexity and performance, only single set of parameters are provided per MAC entity in LTE. However, it is not be a good design principle. For example, too long inactivity timer impacts the UE battery consumption negatively and too short timer degrades the UE response time. Another example is on-duration timer of which optimal value could change over times. For various cases such as bad channel condition or heavy cell loading, longer on-duration timer can be beneficial. Even though RRC can reconfigure the the set of parameters, it usually takes quite time inefficiently. 
Limited DRX cycles

The current DRX has two states like long DRX and short DRX in order to deal with the changing traffic pattern. Also, the applied state can be changed quickly by using MAC CE. However, it is hard to say that such 2-state DRX mechanism is sufficient as considering the wide range of fluctuation in traffic. As in Fig. 2, if the inter-arrival time of the data is shorter than the short DRX cycle, the latency happens even though eNB changes to short DRX cycle. Reversely, the inter-arrival time can change longer beyond the long DRX cycle. With the long DRX cycle, the UE power consumption is mitigated, but still the unnecessary power consumption occurs. 

Common Active Time

Another source of limitation is common active time applied to all serving cells without considering scheduling possibility of each serving cell. One can observe apparent inefficiency when a serving cell is kept in active time only because of HARQ retransmission of other serving cell which has no possibility to be taken place in the serving cell. Also, given the various frequency bands that could be implemented in a single UE, the UE has to turn on a RF chain for a very high frequency band only because UE has been scheduled in a lower frequency band operated with another RF chain.
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Fig. 2

Performance limitation in the current DRX
In order to minimize latency and improve efficiency in UE power consumption, it is beneficial to have more flexible DRX mechanism unlike the current LTE DRX. It is FFS on how to achieve the flexible DRX for NR. On the other hand, we can consider the following guidelines: 
· Higher flexibility must not lead to higher complexity and/or heavy signalling overhead. 
· The scope of the flexibility need not be restricted to DRX cycle only. The DRX-related timers, e.g. drx-InactivityTimer and onDuration, can be considerable as well. In other word, such timers can be also changed by using MAC CE.
· In multiple RF chains, separate DRX configuration per serving cell can be considerable. 

3. Conclusion
Based on the discussion in section 2, it is proposed that
Proposal:  RAN2 to discuss which aspect NR DRX should be enhanced, comparing to LTE DRX.
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