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1 Introduction
In last meeting, agreements on part of the BS REFSENS are reached [1]. In this contribution, we present further discussion on the left open issues and prepare text proposals on BS REFSENS for NB-IoT to be captured into the TR [2].
2 Discussion

It was agreed single same requirement specified for all 3 operation modes for NB-IoT [1], however there still be the open issue on requirements as follow,
· Requirements 
· Option1: Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.
· Option2: Sepcify requirement for single-tone transmission of both 3.75kHz and 15kHz,  as well as 3 tones of multi-tone transmission. The requirement for 3 tones transmission could be applied for each 3 tones of 6 and 12 tones for multi-tone transmission.
The difference between above two options is whether need to define requirement of 3 tones transmission for multi-tone transmission. In the case multi-tone has the same sub-carrier spacing numerology as the single-tone transmission of 15kHz, firstly considering main purpose of test on BS reference sensitivity is to verify the receiver noise figure at a lower SNR, it seems not quite necessary to define multiple requirements for NB-IoT if take legacy LTE as a reference (i.e. only one REFSENSE value is defined for each different LTE system bandwidth). On the other hand, although the modulation scheme for multi-tone is not same as single-tone pi/2 BPSK, similar in LTE, only QPSK out of all modulation schemes is specified in fixed reference channel for BS REFSENSE. Since there will be the requirement for single-tone transmission of 15kHz, option 1 is preferred to simplify the future work.
Proposal 1: Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.
Consequently, only configuration of RFC for option 1 is needed. The proposed parameters of the fixed reference channel are summarized in Table 1. These parameters should be for single-tone transmission of both 3.75kHz and 15kHz, which is also proposed in RAN1 [4]. 
Table 1 FRC parameters for base station reference sensitivity
	Reference channel
	NB-IoT

	Allocated sub-carriers
	1

	Symbols per duration of slot
	6

	Modulation
	π/2 BPSK 

	Code rate
	1/3

	Payload size (bits)
	256 [tbc]

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	852 [tbc]

	Total number of bits per duration of resource units
	960 [tbc]

	Total symbols per duration of resource units
	960 [tbc]


Note that the basic time unit of scheduling one transport block is the duration of resource unit, which is not same as the sub-frame for LTE, especially for single-tone transmission [3], copy as follows,
· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission

· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission

Proposal 2: Agree the parameter list in above Table 1 as the FRC parameters for base station reference sensitivity, pending on RAN1’s decision on the detail figures with [tbc].
Since the methodology of BS REFSENSE for LTE is reused, the main left work is to investigate the demodulation SNR to derive the requirement as follows,
REFSENS = -174+10*log10(BW) + NF + IM + SNR

Where: 

BW is the transmission bandwidth in Hz, 

NF is the receiver noise figure in dB, 

IM is implementation margin in dB, 

SNR in dB to meet the 95% of maximum throughput under fixed reference channel (FRC)

For wide area base station, NF = 5, IM = 2. 

3  Summary

Proposal 1: Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.
Proposal 2: Agree the parameter list in above Table 1 as the FRC parameters for base station reference sensitivity, pending on RAN1’s decision on the detail figures with [tbc].
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3.1 Receiver characteristics
<Start of text proposal for TR>
7.2.X  Reference sensitivity level
The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel.
The methodology to derive reference sensitivity power level PREFSENS is as follows,

PREFSENS = -174+10*log10(BW) + NF + IM + SNR
Where,

BW is the transmission bandwidth in Hz,
NF is the receiver noise figure in dB,
IM is implementation margin in dB,
SNR in dB to meet the 95% of maximum throughput under fixed reference channel (FRC)
For wide area base station, NF = 5, IM = 2.
Single same requirement specified for all 3 (stand-alone/in-band/guard band) operation modes for NB-IoT.

Multi-tone transmission has the same sub-carrier spacing numerology as the single-tone transmission of 15kHz. Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.
The parameter configuration of reference measurement channel is listed in following table 7.2-x

Table 7.2-x FRC parameters for base station reference sensitivity
	Reference channel
	NB-IoT

	Allocated sub-carriers
	1

	Symbols per duration of slot
	6

	Modulation
	π/2 BPSK 

	Code rate
	1/3

	Payload size (bits)
	256 [tbc]

	Transport block CRC (bits)
	24

	Code block CRC size (bits)
	0

	Number of code blocks - C
	1

	Coded block size including 12bits trellis termination (bits)
	852 [tbc]

	Total number of bits per duration of resource unit
	960 [tbc]

	Total symbols per duration of resource unit
	960 [tbc]


Note that the basic time unit of scheduling one transport block is the duration of resource unit, which is not same as the sub-frame for LTE, especially for single-tone transmission.

· One resource unit schedulable in PUSCH transmission for the data consists of fixed [X] msec at least for FDD

· X(115kHz) is 8 for 15 kHz case with single tone transmission

· X(13.75kHz) is 32 for 3.75 kHz case with single tone transmission

<End of text proposal for TR>











































































