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Introduction
At RAN #69, New Work Item called NB-IoT was agreed to develop a single “clean-slate solution” in TSG RAN based on techniques described in TR 45.820 [1]. The objectives of the CIoT study described in TR 45.820 were improved indoor coverage, support of massive connections, reduced complexity, improved power efficiency and latency [2]. 
This contribution discusses the cell reselection of NB-IoT devices as the way to improve the power efficiency.
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Current Cell Reselection Design
Legacy LTE cell reselection consists of mainly 2 parts, inter-frequency reselection based on frequency priority and intra-frequency reselection based on cell ranking. 
When it comes to frequency selection priority in NB-IoT, it is preferred to select just a single frequency channel among various frequency channels with 180kHz BW. If a UE has various frequency channels to select, the selection rule should be made simple in order to lower the device power consumption, the device cost and the related signaling. In that sense, the power consuming periodic inter-frequency measurement is not recommended. Instead, once UE has selected a frequency channel, it will be better to focus on intra-frequency cell reselection and not scan other frequency channels.

Observation 1. For reducing power consumption, device cost and network signaling impacts of NB-IoT, it is recommended to choose simple frequency selection/reselection method, e.g. performing inter-frequency measurement/reselection only when needed. 
Proposal 1. In the perspective of UE power consumption, RAN2 needs to discuss how we can simplify the current inter-frequency cell selection and related neighbor cell measurement procedures.

For intra-frequency cell reselection, some of the LTE reselection procedures should be adopted carefully, because some of the legacy operations incur unnecessary power consumption according to different mobility characteristics. Therefore, we need to identify which parts of cell reselection procedures are crucial for the power consumption. The legacy cell reselection procedure is depicted in Figure 1. 


Figure 1. The procedure of current LTE cell reselection

As shown in Figure 1, after the DRX timer is expired in idle state, the UE receives the PSS, SSS, CRS signals and then checks whether the signal quality satisfies the S-Criteria or not. If the S-Criteria is satisfied, UE will check information related to change of location (cell ID, TA) and information on cell restriction by decoding system information. On the other hand, if the S-Criteria is not satisfied, UE will select the best cell with the strongest signal strength by measuring the PSS, SSS, CRS of neighbor cells. Here, the list of neighbor cells to be measured can be obtained from previous serving eNB beforehand.

Here, the condition triggering the neighbor cell measurement “If Serv_Cell > Threshold” is employed for the power saving operation in some radio environment in LTE. The threshold is normally set such that it prevents the UEs located in the cell center area from performing unnecessary intra-frequency neighbor cell measurement. So, while the UE in idle state is approaching the cell edge, the triggering condition prompts the UE to search for a cell with better signal quality i.e. normally, UE do not perform neighbor cell measurement in situations where the triggering condition is not satisfied. 



Figure 2. Example of the case performing unnecessary neighbor cell measurement

However, if the same triggering condition is employed for the CIoT system where most of UEs are stationary, the triggering condition can make the UE consume unnecessary power. For example, when UE stays in a basement as shown in Figure 2, the signal strengths from serving cell as well as from neighboring cells are under the threshold due to the high basement penetration loss. This makes the basement UE always perform neighbor-cell measurement procedures, despite there being no significant gain for the UE from doing so. In addition, because the UE located in deep basement has to perform neighbor cell measurements with exhaustive repetitions defined for extreme coverage class, the UE would consume a significant amount of power.

Let us observe the power consumption trend of UEs when adapting the current cell reselection procedure to NB-IoT. Assuming that some stationary UEs are located in coverage level 3 and their reselection criteria are always triggered, their power consumption for idle mode can derived by

 (1)





Where  and  are the power consumed in reception (RX) and idle mode operations, is the number of neighbor cells to be measured, is the time duration for receiving the synchronization signal and is the time duration for receiving the MIB signal. The value for each parameter is based on [3].
Table 1 Power consumption assumptions for NB-LTE energy consumption analysis
	Operation
	Specification
	Power (mW)

	Transmission (Tx)
	Transmitter active at +23 dBm, assuming 44% PA efficiency and 90 mW for other analog and baseband circuitry.
	545

	Reception (Rx)
	Rx with Baseband processing
	90

	Sleep
	Frame and frequency synchronization maintained
	3

	Standby
	Common assumption
	0.015



[bookmark: _Ref425415788]Table 2 Average PSS/SSS and PBCH reception (Rx) times (ms)
	
	 144 dB
	154 dB
	164 dB

	
	Rx
	Idle
	Rx
	Idle
	Rx
	Idle

	Synch
	327
	0
	341
	0
	597
	0

	MIB
	8
	103
	8
	103
	38
	445





Then, based on Eq.(1), the portion of power consumption for each operation is represented in Figure 3. According to the result, we can observe that procedure for receiving and measuring the synchronization signal of serving and neighbor cells is quite power consuming, as it occupies the highest proportion of energy consumed in idle mode operation. In particular, when the number of neighbor cells to be measured increases, the total power consumption in the idle mode increases significantly, e.g. when is 4, the total power consumption increases more than 4 times than just normal operation, () as shown in Figure 3.

Therefore, following observation can be derived:
Observation 2. If the cell reselection triggering condition of the current LTE is applied to stationary devices located in high coverage level, e.g. basement floor, unnecessary power consumption can be incurred. 


Figure 3. Power consumption for each operation in idle mode
Here, it should be noted that the situation depicted in Figure 2 represents very common use cases of CIoT, i.e. stationary device located in basement. Therefore, we can think that NB-IoT needs improved cell reselection procedure for saving power.

[bookmark: _Toc426289536][bookmark: _GoBack]A simple way of improving the neighbor cell measurement procedure is not to perform cell reselection procedures. However, cell reselection operation is essential for moving UEs, because communicating with a more reliable cell can save the number of repetition and thus prolong battery lifetime. As another way of enhancement, it is recommended that stationary UEs do not trigger the cell reselection procedure by the S-Criteria. Here, the criteria to judge the UE to be stationary can be determined by various ways. One of the examples can be how long UE stays in the current coverage level.

Proposal 2. For avoiding the unnecessary power consumption problem in cell reselection, it is recommended for stationary devices to simplify the current cell reselection procedures. 

To support this kind of unfavorable situation, i.e. stationary in basement, the measurement parameters Qrxlevmin or Qqualmin related with cell selection and reselection need to be set to lower value. However, lowering the measurement parameters has some pains to be reconsidered. One of the pains is that the number of neighbor-cells to be measured could be increased, which also causes the additional power consumption for neighbor-cell measurement. Therefore, we need to carefully consider the introduction of lowering the measurement parameters.

Proposal 3. RAN2 needs to discuss the potential impact on lowering the measurement parameters Qrxlevmin or Qqualmin related with cell selection and reselection and to carefully adopt it.
Conclusions
In this document, we discussed the issues on the cell reselection in NB-IoT. For the cell reselection design, we derived following observation and proposal.
Observation 1. For reducing power consumption, device cost and network signaling impacts of NB-IoT, it is recommended to choose simple frequency selection method.
Proposal 1. RAN2 needs to discuss the potential impacts on the frequency selection priority in terms of various performance requirements.

Observation 2. If the cell reselection triggering condition of the current LTE is applied to the stationary devices located in basement, unnecessary power consumption can be incurred.
Proposal 2. For avoiding the unnecessary power consumption problem in cell reselection, it is recommended for stationary devices to simplify the current cell reselection procedures. 

Proposal 3. RAN2 needs to discuss the potential impact on lowering the measurement parameters Qrxlevmin or Qqualmin related with cell selection and reselection and to carefully adopt it.
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