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1. Introduction

A revised WID on Narrow band IOT (NB-IOT) was agreed in RAN#70. According to the WID, RAN4 is asked to specify the UE and Base Station RRM requirements. In last meeting, a general way forward on RRM was approved with proposals as follows [1],
· The following requirements in idle state need to be specified:
· Cell selection
· cell detection and cell reselection delays, which may include cell detection time and reselection evaluation time 

· …
In this contribution, detail discussion on cell reselection for NB-IoT is provided.
2. Discussion
From TS36.133 it can be found that the existing intra-frequency cell reselection requirement includes following parts:

a) measurement and evaluation of serving cell

b) cell identification time of target cell
c) intra-frequency measurement period

d) evaluation time of target cell
It is natural to reuse the methodology when discussing cell reselection requirement for NB-IoT. Note that the exact value of each period needs simulation to evaluate. However, RAN4 can not carry out simulation until the narrow band dedicated synchronization signal and cell specific reference signal is concluded by RAN1.
One thing we need to highlight is that as the DRX cycle (extended DRX mode) or PSM is quite long compared with legacy LTE paging cycle (up to 2.56s), thus the cell identification time in RRC_IDLE state should not be simply acquired by scaling the sample number needed in RRC_CONNECTED state by DRX cycles. Otherwise UE might spend too much on identifying target cell before camp on it.
In RAN2, it was agreed to support:
-
Idle mode DRX with DRX cycle values in the “normal” range and in eDRX range. FFS: The normal range is defined up to 2.56 sec
-
Power Saving Mode;
2.1.1. DRX

Discontinuous reception of paging for UEs in RRC_IDLE is specified to reduce power consumption [3]. The UE DRX procedure for paging reception is illustrated in Figure 1. At each paging occasion, UE would wake up to search for P-RNTI transmitted on PDCCH.
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Figure 1 UE DRX procedure in RRC_IDLE
With extended DRX, UE would sleep for up to around 3 hours, according to RAN2 running CR for NB-IoT [2]:
X.3.3
Paging and DRX in idle mode

To save power consumption of devices and support different delay-sensitive applications, idle mode DRX should consider supporting the range of DRX cycle as follows:

-
Up to around 3 hours should be possible to support. The exact cycle length is FFS.

-
Down to around 1 second should be supported. The exact cycle length is FFS. 

2.1.2. PSM

Power saving mode is specified to reduce UE power consumption[4]. A UE in PSM mode is similar to power off, but the UE remains registered with the network and there is no need to re-attach or re-establish PDN connections.
The UE activates PSM simply by including two proposed timer values in the Attach or Tracking Area Update (TAU): the active timer T3324 and extended periodic TAU timer T3412. Once RRC connection is released, UE behaves as any registered, idle UE. This is the active time. Then UE enters PSM for duration of extended periodic TAU time, of which the maximum timer value unit is 320 hours. PSM mode can be cancelled anytime by the device by sending a TAU to the network. The procedure is illustrated in Figure 2.
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Figure 2 UE Power saving mode
Here we provide the existing intra-frequency cell reselection delay from TS36.133 section 4.2.2.3 for information:
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


Considering narrow band and low cost design, NB-IoT UE may need more samples to identify a detectable cell. If methodology of deriving Tdetect,EUTRAN_Intra is reused for NB-IoT, thus from table above one can see that NB-IoT UE may spend too much time to detect target cell, e.g. it would take 60 hours for UE to detect a intra-frequency neighbour cell in extended mode when the DRX cycle is about 3 hours, which is obviously unacceptable. 
Observation 1: the methodology of deriving Tdetect,EUTRAN_Intra for legacy LTE UE is not suitable for NB-IoT UE when long DRX cycle is configured.
One way to address this problem is to specify a short DRX cycle (or even non-DRX) according to which UE would perform intra-frequency cell search once cell reselection is triggered. The dedicated DRX cycle shall be determined based on the final design of narrow band synchronization channel.
Observation 2: when configured with long DRX cycle, it is beneficial if a NB-IoT UE can perform cell reselection according to a specified short DRX cycle (or even non-DRX).
3. Conclusions

In this contribution, we provide detail discussion on cell re-selection requirement for NB-IoT UE. After discussion the following observation can be concluded:
Observation 1: the methodology of deriving Tdetect,EUTRAN_Intra for legacy LTE UE is not suitable for NB-IoT UE when long DRX cycle is configured.

Observation 2: when configured with long DRX cycle, it is beneficial if a NB-IoT UE can perform cell reselection according to a specified short DRX cycle (or even non-DRX).
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