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1 Introduction
In previous RAN2 meetings, there has been a lot of discussion about DRX in connected mode for NB-IoT [1], [2].  The following is a summary of the working assumptions and agreements from RAN2 meeting:
	· Significant support to reuse the current LTE DRX as specified in 36.321. This does not preclude signalling optimization. 
· RAN2 assumes that there is only need for one DRX cycle, “long DRX”.

· It is beneficial to enable DRX also for short connections, as early as possible.

· We confirm that at least the legacy parameters drxStartOffset, longDRX-Cycle and OnDurationTimer are re-used as is for connected mode DRX with value ranges suitable for NB-IoT

· Connected mode DRX configuration parameters for NB-IoT can be included as part of RRC message in MSG 4.
· Baseline is still that we use the LTE legacy DRX (timers, triggering conditions etc) as-is also for NB-IOT (confirm previous agreement)


2 Discussion
2.1 DRX mechanism
The MAC entity may be configured by RRC with a DRX functionality that controls the UE’s PDCCH monitoring activity. When in RRC_CONNECTED, if DRX is configured, the MAC entity is allowed to monitor the PDCCH discontinuously using the DRX operation; otherwise the MAC entity monitors the PDCCH continuously. 
Last RAN2 meeting has confirmed that LTE legacy DRX is resued for NB-IoT. According with this, we assume that RRC controls NB-IoT UE in connected DRX monitoring PDCCH configuring the timers onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer (only one DL HARQ process except for the broadcast process) and the HARQ RTT timer also.
In NB-IoT, UEs in different coverage level are configured with different repetition numbers of PDCCH and PDSCH/PUSCH transmission. Compared with legacy LTE, the transmission duration of PDCCH and PDSCH/PUSCH become much longer, especially with large number of repetitions. Consequently, the previous timers control UE to monitoring PDCCH should be extended.

Proposal 1: The onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and the HARQ RTT timer in NB-IoT should be extended.

Consider that UL HARQ process in NB-IoT is also asynchronou and adaptive as in eMTC, corresponding timers for UL HARQ process of eMTC should be re-used also (i. e. drx-ULRetransmissionTimer and UL HARQ RTT timer). While the values should be extended.

Proposal 2: drx-ULRetransmissionTimer and UL HARQ RTT timer in eMTC should be re-used in NB-IoT because of the asynchronous and adaptive UL HARQ process. While the values should be extended.
2.2 Analysis of drx-inactivityTimer and HARQ RTT Timer
In NB-IoT, since there only one HARQ process for both UL and DL, the scheduling can only be monitored by a UE on PDCCH when the last (re)transmission has been finished. In order to make sure UE can receive the new scheduling successfully, if the eMTC mechanism is re-used, the drx-inactivityTimer should be set long enough as shown in the following figure 1.
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Figure1. drx-inactivityTimer in NB-IoT
However, we can see from figure 1, when drx-inactivityTimer is started when scheduling a new transmission, both UE and eNB don’t know how many retransmission will happen. Therefore, it is very diffcult to config drx-inactivityTimer value to guarantee it is still running when scheduling for next new transmission arrives. Since the new scheduling can be monitored by UE on PDCCH only when the retransmission has been finished, it is reasonable to start drx-inactivityTimer after the retransmision has been finished.
Proposal 3: Start drx-inactivityTimer after the retransmision has been finished.
2.3 DRX parameters values

Each subframe in LTE has one PDCCH, the DRX timers with basic unit of subframe are used to control UE to monitor PDCCH. Since the wider variation of the PDCCH period among different coverage levels, a larger set of parameters values than LTE/eMTC is needed to satisfy UE of different coverage levels. From this point, a simple way to re-use legacy DRX parameters and extend their values is using PDCCH period as basic unit. With same configuration, UEs can get different timer length according with their coverage level. In this case, the value set doesn’t need to be extended to satisfy UE with different coverage level.
Proposal 4: Using PDCCH period instead of PDCCH subframe as basic unit of corresponding DRX parameters.

The values of DRX parameters are listed in the following Table 1, where “pp” stands for PDCCH period:
Table 1. values of DRX paramters
	Parameters
	Analysis
	LTE
	NB-IoT 

	onDurationTimer
	Using pp instead of psf directly
	psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}
	pp {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}

	drx-InactivityTimer
	As analysized in proposal 3 and using pp instead of psf. Remove some big values
	psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 500, 750, 1280, 1920, 2560}
	pp {1, 2, 3, 4, 5, 6, 8, 10}

	drx-RetransmissionTimer
	Using pp instead of psf directly
	psf {1, 2, 4, 6, 8, 16, 24, 33}
	pp {1, 2, 4, 6, 8, 16, 24, 33}

	HARQ RTT Timer
	Re-use eMTC
	8 subframes
	Re-use: 8 subframes

	longDRX-CycleStartOffset
	Using pp instead of sf directly
	sf10
INTEGER(0..9),
sf20
INTEGER(0..19),
sf32
INTEGER(0..31),

sf40
INTEGER(0..39),

sf64
INTEGER(0..63),

sf80
INTEGER(0..79),

sf128
INTEGER(0..127),

sf160
INTEGER(0..159),

sf256
INTEGER(0..255),

sf320
INTEGER(0..319),

sf512
INTEGER(0..511),

sf640
INTEGER(0..639),

sf1024
INTEGER(0..1023),

sf1280
INTEGER(0..1279),

sf2048
INTEGER(0..2047),

sf2560
INTEGER(0..2559)
sf5120
  INTEGER(0..1),

sf10240  INTEGER(0..3)
	pp 10
INTEGER(0..9),
pp 20
INTEGER(0..19),
pp 32
INTEGER(0..31),

pp 40
INTEGER(0..39),

pp 64
INTEGER(0..63),

pp 80
INTEGER(0..79),

pp 128
INTEGER(0..127),

pp 160
INTEGER(0..159),

pp 256
INTEGER(0..255),

pp 320
INTEGER(0..319),

pp 512
INTEGER(0..511),

pp 640
INTEGER(0..639),

pp1024
INTEGER(0..1023),

pp1280
INTEGER(0..1279),

pp2048
INTEGER(0..2047),

pp2560
INTEGER(0..2559)
pp5120
INTEGER(0..1),

pp10240  INTEGER(0..3)

	drx-ULRetransmissionTimer
	Same as drx-RetransmissionTimer
	none
	pp {1, 2, 4, 6, 8, 16, 24, 33}

	UL HARQ RTT Timer
	Samilar to HARQ RTT Timer
	eMTC: 4 subframes
	4 subframes


Proposal 5: The details of DRX parameters values is determined as Table 1.
3 Conclusion

In this contribution we look at various aspects of DRX in connected mode for NB-IoT and made the following proposals:

Proposal 1: The onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and the HARQ RTT timer in NB-IoT should be extended.
Proposal 2: drx-ULRetransmissionTimer and UL HARQ RTT timer in eMTC should be re-used in NB-IoT because of the asynchronous and adaptive UL HARQ process. While the values should be extended.
Proposal 3: Start drx-inactivityTimer after the retransmision has been finished.
Proposal 4: Using PDCCH period instead of PDCCH subframe as basic unit of corresponding DRX parameters.
Proposal 5: The details of DRX parameters values is determined as Table 1.
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