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1 Introduction

In last NB-IoT AH meeting, way forward on BS RF requirements is discussed [1] which is including the receiver requirements to investigate,

· NB-IoT REFSENS
· Top priority as it’s used for the other requirements
· Define Fixed Reference Channel
Meanwhile, RAN1 has the agreement [2] on NB-PUSCH as follows and the possible base station REFSENS related part are highlighted in yellow background,
RAN1 NB-IoT adhoc agreements:
· 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

· In case of multiple tones is allocated for one UE, X{m} is smaller than X(115kHz)

· In case of 12 tones is allocated for one UE, X{12} is 1

· UL multi-tone transmission for the data with 12 tones is supported

· UL multi-tone transmission for the data also supports followings of numbers of multiple 

· {3} with 4 msec resource unit size

· {6} with 2 msec resource unit size

· Allow one TB scheduled over more than one resource units in time
· For 15kHz subcarrier spacing, OFDM/SC-FDMA symbol boundary is no change from LTE 

· At least for FDD with the normal CP case,

· For 3.75kHz subcarrier spacing of uplink, 

· Define a 2ms NB-slot, there are 7 symbols. 

· One symbol consists of [FFS] Ts of symbol with CP length of [FFS] Ts assuming Ts=1/1.92MHz. Editor will take care how to capture Ts value in the spec.

· The above symbols are located from the beginning of 2ms period. FFS the usage of the remaining time in the NB-slot if there is the remaining time

· The 2ms NB-slot boundary is aligned with LTE subframe boundary. FFS among odd only or even only or to support both even/odd

· FFS on collision of LTE SRS for in band mode 

· Opt 1: eNB scheduling or implementation

· Opt 2: puncture/rate matching of 3.75kHz transmission to avoid the collision 

· Opt 3: define a GP to avoid potential collision

· Note combination of above options can also be considered. 

· When single-tone is allocated, Pi/4-QPSK and Pi/2-BPSK are supported

· FFS: How rotation is realized

· FFS: Phase rotation for RS(s)

· When multi-tone is allocated, QPSK is supported

· FFS: TPSK, 8-BPSK

· Periodic CSI and dedicated SR is not supported in Rel-13 NB-IoT

· Transmission of ACK and/or NACK corresponding to NB-PDSCH is supported

· Both 3.75 and 15 kHz subcarrier spacing are supported in transmission of ACK and/or NACK
· FFS for the piggy back of SR
In this contribution, we intend to discuss some considerations of base station reference sensitivity level for NB-IoT, based on the NB-IoT NB-PUSCH agreement.
2 Discussion
In current LTE base station specification TS36.104 [3], wide area BS reference sensitivity levels minimum requirement and the specified measurement fixed reference channel (FRC) are defined as follows,
Table 7.2.1-1: Wide Area BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level, PREFSENS

 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-106.8

	3
	FRC A1-2 in Annex A.1
	-103.0

	5
	FRC A1-3 in Annex A.1
	-101.5

	10
	FRC A1-3 in Annex A.1*
	-101.5

	15
	FRC A1-3 in Annex A.1*
	-101.5

	20
	FRC A1-3 in Annex A.1*
	-101.5 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




Table A.1-1 FRC parameters for reference sensitivity and in-channel selectivity

	Reference channel
	A1-1
	A1-2
	A1-3
	A1-4
	A1-5

	Allocated resource blocks
	6
	15
	25
	3
	9

	DFT-OFDM Symbols per subframe
	12
	12
	12
	12
	12

	Modulation
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Code rate
	1/3
	1/3
	1/3
	1/3
	1/3

	Payload size (bits)
	600
	1544
	2216
	256
	936

	Transport block CRC (bits)
	24
	24
	24
	24
	24

	Code block CRC size (bits)
	0
	0
	0
	0
	0

	Number of code blocks - C
	1
	1
	1
	1
	1

	Coded block size including 12bits trellis termination (bits)
	1884
	4716
	6732
	852
	2892

	Total number of bits per sub-frame
	1728
	4320
	7200
	864
	2592

	Total symbols per sub-frame
	864
	2160
	3600
	432
	1296


It can be read that for the base station REFSENS of the legacy LTE system,

· Single fixed reference channel is defined for each LTE channel bandwidth.
· For channel bandwidth [1.4, 3, 5] MHz, the number of allocated RBs set to the maximum, and for channel bandwidth [10, 15, 20] MHz, the number of allocated RBs is fixed to 25 which is not the maximum configuration.
· Single combination of modulation and coding rate (i.e. QPSK and R=1/3) is specified.
· Single uplink transport block with CRC is specified.
According to the agreement in RAN1 [2], the NB-IoT physical uplink shared channel (NB-PUSCH) will have different potential scheduling transmission transport block which are summarized in Table 1 as follows,
Table 1 Summary of NB-IoT NB-PUSCH transmission
	Case
	Uplink transmission
	Number of transmission tones per UE
	Tone spacing (kHz)
	Resource unit (kHz)
	Resource unit (ms)
	Modulation

	1
	Single-tone
	1
	3.75
	3.75
	32
	Pi/4-QPSK and Pi/2-BPSK

	2
	Single-tone
	1
	15
	15
	8
	Pi/4-QPSK and Pi/2-BPSK

	3
	Multi-tone
	3
	15
	45
	4
	QPSK, (FFS: TPSK, 8BPSK)

	4
	Multi-tone
	6
	15
	90
	2
	QPSK, (FFS: TPSK, 8BPSK)

	5
	Multi-tone
	12
	15
	180
	1
	QPSK, (FFS: TPSK, 8BPSK)


It can be observed that there are total 5 possible transmissions for NB-IoT uplink and each has different resource unit for one allocated transport block. The modulation in the table for each case has been agreed in RAN1 while the detail transport block size and coding rate design is still not clear, which should be known for the fixed reference channel of REFSENS specification.
From base station perspective, considering there are two types of uplink transmission are defined for NB-IoT and no implementation limit for base station, it seems a proper way that base station reference sensitivity level and the related fixed reference channel should be defined for single-tone and multi-tone separately. Each could only have single transport block definition in the FRC similar as legacy LTE.
For single-tone transmission, basically 3.75 kHz transmission will result lower sensitivity level compared to the 15 kHz numerology which is already covered by the multi-tone transmission.

Above all, it is proposed that,
Proposal 1: The reference sensitivity level and related fixed reference channel is specified as 3.75 kHz for single-tone and 180 kHz for multi-tone with 12 tones allocated.

Currently, two kind of modulation types (i.e. Pi/4-QPSK and Pi/2-BPSK) are agreed for single-tone and QPSK is agreed for multi-tone with others for FFS. The primary purpose of the reference sensitivity requirement is to verify the receiver noise figure, thus QPSK could be considered the unique modulation for the REFSENS requirement although there are still other modulation FFS for multi-tone case. On the other hand, the demodulation performance of Pi/4-QPSK and QPSK will be the same in principle and Pi/2-BPSK could be the choice for single-tone case. Same as LTE, one transport block is defined for each. It is proposed that,
Proposal 2: Single transport block with Pi/2-BPSK is specified in fixed reference channel for single-tone and single transport block with QPSK is specified in fixed reference channel for multi-tone.
One of the design targets for NB-IoT is to achieve extended coverage, however the sensitivity level is measured under antenna port directly connection test environment similar as AWGN channel without lower SNR. It is proposed that,
Proposal 3: Repetition is not considered in fixed reference channel for base station reference sensitivity level.

3 Conclusions
In this contribution we presented a couple of proposals for NB-IoT base station reference sensitivity level as follows,
Proposal 1: The reference sensitivity level and related fixed reference channel is specified as 3.75 kHz for single-tone and 180 kHz for multi-tone with 12 tones allocated.

Proposal 2: Single transport block with Pi/2-BPSK is specified in fixed reference channel for single-tone and single transport block with QPSK is specified in fixed reference channel for multi-tone.
Proposal 3: Repetition is not considered in fixed reference channel for base station reference sensitivity level.
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