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Introduction
RAN1 has almost completed the design for NB-IoT channels[1]

 REF _Ref449458144 \r \h 
[2]. In this contribution we will start the discussion on UE demodulation requirement for NB-IoT. 
2
DL channel functionalities for NB-IoT
RAN1 has defined new downlink physical channels for NB-IoT; Narrowband Physical Downlink Shared Channel (NPDSCH), Narrowband Physical Downlink Control Channel (NPDCCH), and Narrowband Physical Broadcast Channel (NPBCH). 
The following subsection summarized the new physical channels for NB-IoT. 
2.1
NPBCH

2.1.1
Overview
NPBCH is used to transmit narrowband MIB (NB-MIB) information, and it is transmitted on SF#0. Because the number of symbols on one resource block (RB) is about 100 only, it is necessary to transmit one NB-MIB on the consecutive 8 subframes. Furthermore UE may assume the same NB-MIB is transmitted over 640ms. This implicates NB-MIB is repeated 8 times.  
NPBCH transmission starts from the 3rd OFDM symbol (starting from the 0th symbol). This means the coding rate does not change regardless of the NB-IoT deployment scenario (in-band, guard-band, and stand-alone). 

2.1.2
UE demodulation requirement

Because of no coding rate difference among deployment scenarios, we think it is sufficient to specify only one test case for NPBCH. For the test metric we can reuse the same as LTE, that is, the probability of miss-detection of the NPBCH (Pm-bch). For antenna configuration, NB-IoT UE assumes 1Rx but eNB assumes 1Tx or 2 Tx. Therefore we propose to specify both cases: 1x1 and 2x1. For the propagation condition, we can reuse the TU channel model as same as RAN1 because of 200MHz channel bandwidth.
· Antenna configuration: 1x1 and 2x1

· Propagation condition: TU1

· Test metric: Miss-detection of the NPBCH (Pm-bch).
2.2
NPDCCH

2.2.1
Overview
NPDCCH is used to transmit the paging indication, the random access response indication (RAR), and UL/DL scheduling. Because of the 200 kHz BW, NPDCCH can convey only one or two control channel elements (NCCE) and it corresponds to aggregation level in PDCCH/MPDCCH. NPDCCH also supports repeated transmission for coverage enhancement and supported number of repetitions is {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048}. Note that repetition is supported only for AL2. 
One more important thing is that the NPDCCH starting position and available channel bits depend on the deployment scenario. NPDCCH transmission start from the 0th OFDM symbol for the stand-alone and guard-band operation, but it depends on the LTE control channel region for the in-band operation. Moreover the number of available channel bits for in-band operation is smaller than that for stand-alone/guard-band operation because some resource elements are occupied with LTE CRS and control channels. This means the coding rate of NPDCCH is different between in-band and stand-alone/guard-band operations. 
2.2.2
UE demodulation requirement

We could specify the demodulation requirement for 3 different scenarios: normal coverage, robust coverage (10dB coverage enhancement) and extreme coverage (20dB coverage enhancement). 
· Antenna configuration: 1x1 and 2x1

· Propagation condition: TU1
· Test metric: Missed downlink scheduling grant (Pm-dsg) (DCI format N1)

· Deployment mode: In-band, Guard-band, Stand-alone
	Test number
	Aggregation level
	Repetition

	1
	AL1 (1 NCCE)
	1 (No repetition)

	2
	AL2 (2 NCCE)
	Support 10dB coverage enhancement

	3
	AL2 (2 NCCE)
	Support 20dB coverage enhancement


2.3
NPDSCH
2.2.1
Overview
MPDSCH is similar with PDSCH in LTE, but there are some differences to support narrowband operation and less complex UE implementation as follows:
· Two transmission modes: one Tx and 2Tx
· Maximum TBS: 680bits
· QPSK only
· Convolutional coding (cf. LTE uses Turbo coding)
· 1 HARQ process

· Half-duplex FDD only
Another difference from LTE is that one TBS can be transmitted over two or more subframes (multi-subframe transmission), and the supported number of subframes is 1-6, 8, and 10. As same as other channels, NPDSCH also supports the repeated transmission for coverage enhancement. The supported numbers of repetitions are {1, 2, 4, 8, 16, 32, 64, 128, 192, 256, 384, 512, 768, 1024, 1536, 2048}. 
2.2.2
UE demodulation requirement
We could specify the demodulation requirement for 3 different scenarios: normal coverage, robust coverage (10dB coverage enhancement) and extreme coverage (20dB coverage enhancement). We also think it is important to select the NPDCCH parameter in order to ensure almost 0% of reception error rate. 
· Antenna configuration: 1x1 and 2x1

· Propagation condition: TU1

· Test metric: 30% of block error rate

· Operating mode: In-band, Guard-band, Stand-alone

	Test number
	MCS
	Number of Subframes
	Repetition

	1
	1/3 QPSK
	1 or few number of subframes
	1 (No repetition)

	2
	FFS
	FFS
	Support 10dB coverage enhancement

	3
	FFS
	FFS
	Support 20dB coverage enhancement


2.4
CSI requirements

RAN1 agreed no CSI feedback for NB-IoT. Therefore RAN4 does not need to introduce new CSI reporting requirements. 
4
Conclusion
In this contribution we show our view on the UE demodulation requirement for NB-IoT. This is overview of the test cases:
Proposal 1 NPBCH demodulation requirement: One test scenario.
Proposal 2: NPDCCH demodulation requirement

	Test number
	Aggregation level
	Repetition

	1
	AL1 (1 NCCE)
	1 (No repetition)

	2
	AL2 (2 NCCE)
	Support 10dB coverage enhancement

	3
	AL2 (2 NCCE)
	Support 20dB coverage enhancement


Proposal 3: NPDSCH demodulation requirement

	Test number
	MCS
	Number of Subframes
	Repetition

	1
	1/3 QPSK
	1 or few number of subframes
	1 (No repetition)

	2
	FFS
	FFS
	Support 10dB coverage enhancement

	3
	FFS
	FFS
	Support 20dB coverage enhancement
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