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1. Introduction
In this contribution, we propose C-DRX enhancement for 5G applications, especially for some applications need short DRX cycles. The enhancement tries to balance the latency and power saving for the services have corresponding requirements (e.g. XR, cloud gaming). In the following, we first present the motivations for the enhancement, and then, we propose some potential solutions for discussion. 
2. Discussion
2.1. Motivations
In LTE DRX [1], the following timers are defined by the number of consecutive PDCCH-subframe(s) as below:
	drx-InactivityTimer: Except for NB-IoT UEs, BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which a PDCCH indicates an initial UL, DL or SL user data transmission for this MAC entity. For NB-IoT UEs, it specifies the number of consecutive PDCCH-subframe(s) after the subframe in which the HARQ RTT timer or UL HARQ RTT timer expires. For BL UEs or UEs in enhanced coverage, it specifies the number of consecutive PDCCH-subframe(s) following the subframe containing the last repetition of the PDCCH reception that indicates an initial UL or DL user data transmission for this MAC entity.
drx-RetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a DL retransmission is received.

drx-ULRetransmissionTimer: Specifies the maximum number of consecutive PDCCH-subframe(s) until a grant for UL retransmission or the HARQ feedback is received.

onDurationTimer: Specifies the number of consecutive PDCCH-subframe(s) at the beginning of a DRX Cycle.


But in NR DRX, these timers are defined by the duration with the unit of ms or slots in Annex A [2, 3]. In NR Rel-15, the unit of DRX cycle and timers have been discussed in RAN2#99, #99bis, #100 meetings. During the discussion, ms/slot vs. PDCCH monitoring occasion have been discussed. It is clear that using PDCCH monitoring occasion as unit could have equal schedule opportunities in all DRX cycles, but the actual time during for UE to monitor PDCCH will be affected by the configuration of PDCCH monitoring occasions which could be dynamically configured and slot duration of different numerologies. This will increase the complexity. In this way, NR finally use ms as the unit of DRX drx-InactivityTimer and drx-onDurationTimer, while use slot as the unit of DRX drx-RetransmissionTimerDL and drx-RetransmissionTimerUL. 

With the unit of ms or slot, the DRX timers are controlled by absolute time duration, without considering TDD frame flexibility. There may be no issue in early deployment for NR, where only long DRX cycle is actually configured. But with the deployment of 5G, more applications have requirements of latency, and also need power saving, e.g. XR, or cloud gaming. For these applications, short DRX cycle will be configured to seek for the balance of power saving and latency. Moreover, some enhancements for C-DRX to match the non-integer inter-frame cadence of XR or CG traffics are also proposed in [5]. 
The issue would be identified below if short DRX or enhanced non-integer DRX cycle was applied: Taking drx-onDurationTimer as the example, in order to achieve power saving gain, shorter drx-onDurationTimer will be configured. In case several subframes are configured as UL, there will be case that the running DRX timer duration may (or partially) fall into the UL subframes. In this case, UE will have no (or less) opportunities to monitoring PDCCH. In this way, the latency requirements for the traffic would not be guaranteed. Otherwise, longer drx-onDurationTimer will be configured to allow UE have enough PDCCH monitoring occasions. In this way, power consumption will be increased.
For example, in actual deployment, there could be two TDD frame structures (e.g. take CMCC and CU deployment as the example): DDDDDDDSUU, DDDSUDDSUU. If DRX cycle is 8 or 16, and onDuration timer is configured as 2ms or 3ms, as below:
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Fig.1 DRX configuration in actual TDD deployment
In case 1 and case 3 above, part of the onDuration timer fall into UL subframes. In this way, UEs may have less PDCCH monitoring occasion in these cases. While in some extreme scenarios (e.g. case 2 and case 4), there is no monitor opportunities for UEs in some DRX cycles. This problem will be worse if more critical if more UL subframe is configured. 
Observation 1:  With the unit of ms or slot, the DRX timers may (or partially) fall into UL subframes in some DRX configuration. Then, there may be no (or not enough) PDCCH monitoring opportunities. 
2.2. Solutions
In order to address this problem, RAN2 needs to study enhancements to define the DRX timers. The solution should try to minimize or avoid the impact of UL subframes on DRX timers. Considering the limited TU in TEI, the solutions should have less specification impact, e.g.
Solution 1: Re-define the unit of DRX timers, e.g. slots excluding UL ones.
Solution2: Adapt the DRX timers based on the DRX cycle and frame structure. 
Proposal 1: RAN2 study enhancements that could address the identified issue, i.e., minimize or avoid the impact of UL subframes on DRX timers.

3. Conclusion

In this contribution, we discussed the motivation for C-DRX enhancement for 5G applications, identified corresponding issues, and tried to consider some potential solutions. We have the following observations and proposals:

Observation 1:  With the unit of ms or slot, the DRX timers may (or partially) fall into UL subframes in some DRX configuration. Then, there may be no (or not enough) PDCCH monitoring opportunities. 
Proposal 1: RAN2 study enhancements that could address the identified issue, i.e., minimize or avoid the impact of UL subframes on DRX timers.
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Annex A– unit of DRX timers in NR
Timer definition in TS 38.321:
	-
drx-onDurationTimer: the duration at the beginning of a DRX cycle;

-
drx-SlotOffset: the delay before starting the drx-onDurationTimer;

-
drx-InactivityTimer: the duration after the PDCCH occasion in which a PDCCH indicates a new UL or DL transmission for the MAC entity;

-
drx-RetransmissionTimerDL (per DL HARQ process except for the broadcast process): the maximum duration until a DL retransmission is received;

-
drx-RetransmissionTimerUL (per UL HARQ process): the maximum duration until a grant for UL retransmission is received;




Timer unit in TS 38.331:

	DRX-Config ::=                      SEQUENCE {

    drx-onDurationTimer                 CHOICE {

                                            subMilliSeconds INTEGER (1..31),

                                            milliSeconds    ENUMERATED {

                                                ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60,

                                                ms80, ms100, ms200, ms300, ms400, ms500, ms600, ms800, ms1000, ms1200,

                                                ms1600, spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 }

                                            },

    drx-InactivityTimer                 ENUMERATED {

                                            ms0, ms1, ms2, ms3, ms4, ms5, ms6, ms8, ms10, ms20, ms30, ms40, ms50, ms60, ms80,

                                            ms100, ms200, ms300, ms500, ms750, ms1280, ms1920, ms2560, spare9, spare8,

                                            spare7, spare6, spare5, spare4, spare3, spare2, spare1},

    drx-HARQ-RTT-TimerDL                INTEGER (0..56),

    drx-HARQ-RTT-TimerUL                INTEGER (0..56),

    drx-RetransmissionTimerDL           ENUMERATED {

                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,

                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,

                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1},

    drx-RetransmissionTimerUL           ENUMERATED {

                                            sl0, sl1, sl2, sl4, sl6, sl8, sl16, sl24, sl33, sl40, sl64, sl80, sl96, sl112, sl128,

                                            sl160, sl320, spare15, spare14, spare13, spare12, spare11, spare10, spare9,

                                            spare8, spare7, spare6, spare5, spare4, spare3, spare2, spare1 },
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