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1. Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was created, see [1]. The objective is for cellular internet of things to exchange data between them and the cellular network.
In this contribution, we provide our views on physical layer measurement design for NB-IOT. 

2. Physical layer measurements
In NB-IOT, data transmission can be spontaneous. It is possible that a UE might wake up from sleep and transmit certain amount of data and then go back to sleep. It is therefore desirable to enable eNB to acquire a UE’s UL channel condition as early as possible so that it can assign a correct MCS for the UE’s first UL data transmission.  This can be done by adding certain power headroom relative to the transmit power of message 3 in the message 3 payload. With this information, the eNB can then estimate the UE’s UL path loss from the received message 3 power level. Note that the power headroom doesn’t need to be as accurate as in normal LTE. A coarse information might be sufficient. We therefore have the following proposal:   
Proposal 1: Include a coarse power headroom in message 3. 

In NB-IOT, UE also needs to measure RSRP in both initial cell acquisition and connected mode. On the other hand, UE in deep coverage will have difficulties to accurately measure RSRP. To improve accuracy, UE needs to reply on increased average i.e., an increased measurement period. Consider that UE in deep coverage is with limited mobility, its channel should not vary much. Therefore, increasing measurement period for deep coverage UE should increase measurement accuracy. Figure 1. Shows the simulation result for NB-IOT RSRP measurement in AWGN channel. We observe that the RSRP measurement accuracy is gradually improved as we add more and more averages.
Proposal 2: Extend measurement period to allow more average in order to meet RSRP measurement requirement for large coverage enhancement UEs.
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Figure 1. CDF of RSRP measurement for MCL 164dB with 6dB power boosting.

3. Summary
In this contribution we presented our views on the PUCCH design. We make the following proposals 

Proposal 1: Include a coarse power headroom in message 3. 

Proposal 2: Extend measurement period to allow more average in order to meet RSRP measurement requirement for large coverage enhancement UEs.
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