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1 Introduction

For power saving purpose, in RRC_CONNECTED mode, the MAC entity may monitor the PDCCH discontinuously if DRX is configured by RRC. Due to narrower bandwidth and the support of coverage extension, the PDCCH transmission of NB-IOT is quite different from that in LTE. As a result, the DRX parameters and PDCCH monitoring behaviour need to be modified.
2 Discussion
In RAN2 #93bis, we discussed the extension of several C-DRX parameters, based on the concept of “PDCCH period” proposed in [1]. The following agreements were made.

	· The onDurationTimer, drx-InactivityTimer, drx-RetransmissionTimer and the HARQ RTT timer in NB-IoT should be extended, compared to eMTC/LTE. 
· drx-ULRetransmissionTimer in eMTC should be re-used in NB-IoT because of the asynchronous and adaptive UL HARQ process. While the values should be extended.
· We use PDCCH period instead of PDCCH subframe as basic unit of corresponding DRX parameters, except for the DRX cycle.
· We use table below as baseline for value ranges, but aim to have fewer start-offset-values and frewer on-duration-values.


2.1 PDCCH Period
The definition of PDCCH period was left FFS after RAN2#93bis. 
	· It is FFS if the PDCCH period is the duration between two consecutive starting subframes for PDCCH of the same Coverage level. RAN1 definition might be used.


RAN1 has agreed that the PDCCH search space starting subframe reuses the principle of eMTC. The period is given by T = Rmax*G, where Rmax is the maximum repetition level, and G is a coefficient used to adjust the interval between two PDCCH starting points. For UE-SS, G is UE-specific. For CSS for RAR, Msg3re-tx, and Msg4, G is cell-specific and NPRACH resource-specific.
According to RAN1 agreements, before MSG4 completion, cell-specific PDCCH period is provided for each coverage level, which allows UE to calculate the starting point of PDCCH search space. However, PDCCH period can later be configured by RRC. Although the interval between two starting points of PDCCH search space is related to coverage level, there is no 1-to-1 mapping. Therefore, we have the following observation.
Observation 1:
After MSG4, the interval between the starting subframes of two consecutive NB-PDCCH search spaces is UE-specific. For two UEs of the same coverage level, the intervals may be different.
2.2 DRX Parameters for NB-IOT
Based on the proposal in [1], most DRX parameters, except for DRX cycle and offset, are defined in unit of PDCCH period instead of absolute time duration. However, there are still some concerns.
2.2.1 Periodic PDCCH monitoring
When DRX is configured, UE wakes up periodically to monitors PDCCHs. The UE wakeup time is determined by DRX cycle and offset, and the duration that UE keeps awake is given by the onDurationTimer. If DRX cycle and offset are configured in absolute time duration, while ON duration is in unit of PDCCH periods, the number PDCCHs monitored by a UE may be different even the same ON duration is configured. The problem is illustrated in Figure 1. In Figure 1, both UEs are configured with onDurationTimer = pp2 (i.e. 2 PDCCH periods), but the offsets are different so the calculated wakeup points are slightly different. Within the ON duration, a UE wakes up only during PDCCH transmission, which is known to the UE. As shown in the figure, UE1 receives 2 PDCCHs (as expected) completely, but UE2 only receives one complete PDCCH. UE2 also receives 2 incomplete PDCCHs which it may not be able to decode. Such PDCCH monitoring behaviour is not preferred in that PDCCH is used to schedule radio resources, and the UE receiving less PDCCHs gets less scheduling opportunities, which is unfair. Notice that with onDuartionTimer configured in unit of PDCCH periods, the number of received PDCCHs may be further reduced if DL gaps are configured, since some PDCCH transmission needs to be postponed (per RAN1 agreement).

[image: image1.emf]ON Duration

eNB

UE1

Cond_PDCCH: (10SFN+subframe index) mod T== 0

Cond_DRX1: (10SFN+subframe index) mod longDRX_Cycle  ==drxStartOffset1

Cond_DRX2: (10SFN+subframe index) mod longDRX_Cycle  ==drxStartOffset2

Cond_DRX1

UE2

Cond_DRX2

PDCCH #0 PDCCH #1

Cond_PDCCH

T = Rmax*G

PDCCH #2

ON Duration


Figure 1
Different PDCCH monitoring behaviours with the same ON duration
Observation 2:
Due to the offset in C-DRX formula, the ON duration of a NB-IOT UE may start within a PDCCH occasion. The number of PDCCHs decoded may be different for two UEs with the same ON duration but different offsets.
To design a better PDCCH monitoring behaviour, notice that the UE actually knows the starting point of each PDCCH search space. Instead of configuring the onDurationTimer as multiples of PDCCH period, we can simply configure the number of PDCCHs that a UE is expected to monitor in each DRX cycle. The DRX formula is reused to calculate a periodic wakeup time for each UE. In each DRX cycle, the UE monitors a pre-configured number of PDCCHs, starting from the first PDCCH after the calculated wakeup time. Our proposed method is depicted in the figure below. 
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Figure 2
Proposed PDCCH monitoring behaviour
In Figure 2, both UEs are configured with onDurationTimer = n2 and both receive two PDCCHs, though different ones, as expected.
Proposal 1:
The onDurationTimer is configured in number of PDCCHs. The UE monitors the pre-configured number of PDCCHs, starting from the first PDCCH after the wakeup time calculated by DRX formula.
2.2.2 Inactivity timer after MAC PDU
It was agreed in previous meeting that drx-InactivityTimer is started at the end of the transmission/re-transmission of each MAC PDU. Similar to onDurationTimer, if we want to guarantee the number of scheduling opportunities (i.e. monitored PDCCHs) for a UE, drx-InactivityTimer should also be configured in number of PDCCHs, and the UE starts monitoring PDCCHs from the first PDCCH after the end of the transmission/re-transmission of each MAC PDU.
Proposal 2:
The drx-InactivityTimer is configured in number of PDCCHs. The UE monitors pre-configured number of PDCCHs, starting from the first PDCCH after the end of the transmission/re-transmission of each MAC PDU.
2.2.3 Retransmission timers
In current DRX operation, drx-RetransmissionTimer is started upon HARQ RTT timer expiry. To help UE catch the PDCCH carrying scheduling information for data retransmission, the retransmission timers are again configured in number of PDCCHs. The UE monitors pre-configured number of PDCCHs, starting from the first PDCCH after HARQ RTT timer expiry. 
Proposal 3:
The drx-RetransmissionTimer and drx-ULRetransmissionTimer are both configured in number of PDCCHs. The UE monitors pre-configured number of PDCCHs, starting from the first PDCCH after HARQ RTT timer expiry.
2.2.4 Value ranges for DRX parameters
Based on the discussions above, we propose the value ranges of DRX parameters in the table below.
Table 1

Value ranges for DRX parameters

	Parameters
	LTE 
	NB-IoT 

	longDRX-CycleStartOffset
	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)
	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)

	onDurationTimer
	psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}
	n {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200}

	drx-InactivityTimer
	psf {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 500, 750, 1280, 1920, 2560}
	n {1, 2, 3, 4, 5, 6, 8, 10, 20, 30, 40, 50, 60, 80, 100, 200, 300, 500, 750}

	drx-RetransmissionTimer
	psf {1, 2, 4, 6, 8, 16, 24, 33}
	n {1, 2, 4, 6, 8, 16, 24, 33}

	drx-ULRetransmissionTimer
	N/A
	n {1, 2, 4, 6, 8, 16, 24, 33}


Note: We may choose only a subset from the value range of each parameter for NB-IOT.
Proposal 4: 
The value ranges of DRX parameters are given by Table 1.
3 Conclusion

We have the following observations:

Observation 1:
After MSG4, the interval between the starting subframes of two consecutive NB-PDCCH search spaces is UE-specific. For two UEs of the same coverage level, the intervals may be different.
Observation 2:
Due to the offset considered in C-DRX, the ON duration of a NB-IOT UE may start within a PDCCH occasion. The number of PDCCHs decoded may be different for two UEs with the same ON duration but different offsets.
It is proposed to discuss and decide on the following proposals:
Proposal 1:
The onDurationTimer is configured in number of PDCCHs. The UE monitors the pre-configured number of PDCCHs, starting from the first PDCCH after the wakeup time calculated by DRX formula.

Proposal 2:
The drx-InactivityTimer is configured in number of PDCCHs. The UE monitors pre-configured number of PDCCHs, starting from the first PDCCH after the end of the transmission/re-transmission of each MAC PDU.
Proposal 3:
The drx-RetransmissionTimer and drx-ULRetransmissionTimer are both configured in number of PDCCHs. The UE monitors pre-configured number of PDCCHs, starting from the first PDCCH after HARQ RTT timer expiry.
Proposal 4: 
The value ranges of DRX parameters are given by Table 1.
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