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1
Introduction
RAN1 has almost completed the design for NB-IoT channels [1][2][3]. This contribution discusses the BS demodulation requirement for NB-IoT based on the contribution we presented in RAN4#78AH NB-IoT [4].
2
UL channels for NB-IoT
RAN1 has defined 2 new uplink physical channels for NB-IoT; Narrowband Physical Random Access Channel (NPRACH) and Narrowband Physical Uplink Shared Channel (NPUSCH). NPRACH is used to transfer the random access preambles for the random access procedure initialization. NPUSCH is used to transmit the user data and control information such as HARQ-ACK.
2.1
NPRACH
2.1.1
Overview
NPRACH is transmitted with 3.75 kHz single tone only. NPRACH preamble consists of 4 symbol groups, and one symbol group consists of 1 cyclic prefix (CP) and 5 identical symbols. Figure 1 illustrates one NPRACH symbol group. RAN1 agreed to introduce two CPs: one for 66.7us and another for 266.7us according to the deployed basestation cell radius. 
NPRACH supports frequency hopping within 12 subcarriers. The hopping pattern is specified in [1]. Figure 2 illustrates the NPRACH preamble transmission without repetition. There are 12 possible tone locations within 12 subcarriers and the network configures the locations up to 48 tones (12, 24, 36, and 48). When UE want to have the random access attempts, UE select one of tone location randomly and start the preamble transmission. In Figure 2, UE selects the preamble index #3. When eNB detects the preamble, eNB transmits RAR on NPDSCH indicating the received preamble index as same as LTE RACH procedure.
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Figure 1
One NRPACH symbol group.
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Figure 2
NPRACH preamble transmission without repetitions.
Table 1 shows NPRACH transmission parameters. 
Table 1
NPRACH higher-layer parameters
	Parameter
	Value

	Periodicity (ms)
	40, 80, 160, 240, 320, 640, 1280, 2560

	Number of repetitions
	1, 2, 4, 8, 16, 32, 64, 128

	Frequency location in subcarrier offset
	0, 12, 24, 36, 2, 18, 34

	Number of subcarriers
	12, 24, 36, 48


2.1.2
BS demodulation requirements
In the LTE BS demodulation requirements, the demodulation requirements are specified for static channel and fading channel for each cyclic prefix. We may reuse the same methodology. Since NPRACH has two cyclic prefix modes, we propose to verify both cases. For fading channel, we propose to set TU1 with frequency offset because RAN1 used this propagation channel for evaluation. If we reuse the LTE frequency offset, it is set to 270Hz. However since NB-IoT is mainly operated on sub-1GHz carrier frequency band, another option is set to 100Hz (0.1ppm@1GHz).
As we explained, the network can configure the number of preamble indexes up to 48. We propose to assume the maximum value 48 for the simulation assumption. As same as Cat-M1 UE, NPRACH supports the repeated transmission. We propose not to test all the numbers, but to pick up a few repetition numbers. 
Since NPRACH preamble design is different from LTE PRACH, we should discuss the metric for demodulation requirements. LTE PRACH demodulation requirement is specified with the false alarm probability and detection probability. We think we can reuse the same definition as false alarm probability, but RAN4 should discuss a definition of NPRACH preamble detection probability.
Table 2 summarizes the NPRACH test case proposal. 
Table 2
Proposal of NPRACH demodulation requirements. 
	Test case
	Cyclic prefix
	Propagation condition
	Frequency offset
	Repetitions

	1
	66.7us
	AWGN
	0Hz
	Select a few numbers

	2
	66.7us
	TU1
	Option 1: 270 Hz

Option 2: 100 Hz
	Select a few numbers

	3
	266.7us
	AWGN
	0Hz
	Select a few numbers

	4
	266.7us
	TU1
	Option 1: 270Hz
Option 2: 100Hz
	Select a few numbers


Proposal 1: Introduce NPRACH demodulation requirements.
Proposal 2: For the NPRACH demodulation requirement, assume set the number of sub-carriers to 48.

Proposal 3: For the NPRACH demodulation requirement, specify 4 test cases: 2 for 66.7us CP and 2 for 266.7us. For each CP test, introduce AWGN test case without frequency offset and TU1 test with frequency offset.  
Proposal 4: For the NPRACH demodulation requirement, RAN4 should discuss the frequency offset: keep 270Hz or assume 100Hz. 
Proposal 5: For the NPRACH demodulation requirement, pick up a few repetition numbers for test coverage. 
Proposal 6: For the NPRACH demodulation requirement, the requirement is specified with false alarm probability and detection probability. RAN4 should discuss the definition of NPRACH preamble detection probability. 
2.2
NPUSCH
2.2.1
Overview
NPUSCH has two formats: NPUSCH format 1 and NPUSCH format 2. NPUSCH format 1 is used for the user data transmission and format 2 is used for the HARQ-ACK transmission. 
NPUSCH format 1 supports single-tone and multi-tone transmission modes. For the single-tone transmission, NPUSCH can be transmitted with 3.75 kHz subcarrier spacing and 15 kHz subcarrier spacing. For the single-tone case, the supported modulation is Pi/2-BPSK and Pi/4-QPSK. For the multi-tone transmission, NPUSCH can be transmitted with SC-FDMA with 3 tones, 6 tones, and 12 tones. For the multi-tone transmission, the supported modulation is QPSK only. 

NPUSCH format 2 supports single-tone only but supports both 3.75 kHz and 15 kHz. NPUSCH format 2 only supports Pi/2-BPSK. 
Table 3 summarizes the physical layer parameters for NPUSCH.  
Table 3 Overview of NPUSCH physical layer parameters
	NPUSCH format
	Singe-/Multi-tone
	Subcarrier spacing
	Number of subcarriers
	Modulation

	Format 1
	Single-tone
	3.75kHz
	N/A
	Pi/2-BPSK

	
	
	
	
	Pi/4-QPSK

	
	
	15kHz
	N/A
	Pi/2-BPSK 

	
	
	
	
	Pi/4-QPSK

	
	Multi-tone
	15kHz
	3
	QPSK

	
	
	
	6
	QPSK

	
	
	
	12
	QPSK

	Format 2
	Single-tone
	3.75kHz
	N/A
	Pi/2-BPSK

	
	
	15kHz
	N/A
	Pi/2-BPSK


Another important difference from LTE PUSCH/PUCCH is that PNUSCH can transmit one TBS with one or more subframes. According to RAN1 decision, the maximum TBS is 1000 bits and the supported numbers of subframes are 1-6, 8, and 10. 
As same as Rel-13 eMTC, NPUSCH supports the repeated transmission. The supported number of repetitions is {1, 2, 4, 8, 16, 32, 64, 128} and all the repetition numbers are applicable for NPUSCH formats 1 and 2.
2.2.2
BS demodulation requirements

Since NPUSCH transmits data and HARQ-ACK, the metric depends on the NPUSCH formats. For NPUSCH format 1, we can specify the requirement based on NPUSCH BLER. For NPUSCH format 2, we can reuse the metric for LTE PUCCH, i.e., DTX to ACK performance and ACK missed detection. Note that the DTX to ACK performance tests the probability that ACK is detected when nothing was sent.
Based on the overview above, we propose to specify the NPUSCH demodulation requirements as follows: 
Proposal 7: Introduce NPUSCH demodulation requirements for both NPUSCH format 1 and format 2.

Proposal 8: Use TU1 for propagation channel for all the test cases.

Proposal 9: For NPUSCH format 1 demodulation requirements, specify both single-tone case and multi-tone cases.
Proposal 10: For NPUSCH format 1 single-tone, specify 3.75 kHz channel spacing case and 15 kHz channel spacing case.

Proposal 11: For NPUSCH format 1 multi-tone, specify 3, 6, and 12 subcarrier cases.
Proposal 12: For NPUSCH format 1, the requirement is specified with NPUSCH BLER.
Proposal 13: For NPUSCH format 2 demodulation requirements, specify both 3.75 kHz case and 15 kHz case.
Proposal 14: For NPUSCH format 2, the requirement is specified with DTX to ACK probability and ACK missed detection probability. 
4
Conclusion

Proposal 1: Introduce NPRACH demodulation requirements.

Proposal 2: For the NPRACH demodulation requirement, assume set the number of sub-carriers to 48.

Proposal 3: For the NPRACH demodulation requirement, specify 4 test cases: 2 for 66.7us CP and 2 for 266.7us. For each CP test, introduce AWGN test case without frequency offset and TU1 test with frequency offset.  
Proposal 4: For the NPRACH demodulation requirement, RAN4 should discuss the frequency offset: keep 270Hz or assume 100Hz. 
Proposal 5: For the NPRACH demodulation requirement, pick up a few repetition numbers for test coverage. 
Proposal 6: For the NPRACH demodulation requirement, the requirement is specified with false alarm probability and detection probability. RAN4 should discuss the definition of NPRACH preamble detection probability. 
Proposal 7: Introduce NPUSCH demodulation requirements for both NPUSCH format 1 and format 2.

Proposal 8: Use TU1 for propagation channel for all the test cases.

Proposal 9: For NPUSCH format 1 demodulation requirements, specify both single-tone case and multi-tone cases.

Proposal 10: For NPUSCH format 1 single-tone, specify 3.75 kHz channel spacing case and 15 kHz channel spacing case.

Proposal 11: For NPUSCH format 1 multi-tone, specify 3, 6, and 12 subcarrier cases.
Proposal 12: For NPUSCH format 1, the requirement is specified with NPUSCH BLER.
Proposal 13: For NPUSCH format 2 demodulation requirements, specify both 3.75 kHz case and 15 kHz case.
Proposal 14: For NPUSCH format 2, the requirement is specified with DTX to ACK probability and ACK missed detection probability. 
5
References
[1] R1-163952, “Introduction of NB-IoT (36.211 CR0224 rev 6)”, Ericsson.
[2] R1-163951, “Introduction of Rel-13 feature of NB-IoT in 36.212, Huawei, HiSilicon. 
[3] R1-164305, “Draft 36.213 for NB-IoT”, Motorola Mobility.  
[4] R4-78AH-0076, “BS demodulation requirement for NB-IoT”, Ericsson.
3

