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1. Introduction
In RAN4#79 meeting, BS demodulation requirements for NPRACH and NPUSCH were discussed respectively, and WFs [1, 2] on simulation assumptions were agreed.

In this contribution, we discuss and propose how to select the number of repetition for NPUSCH requirements and provide draft CR for TS 36.104 based on the agreed WF and our proposal in this paper.
2. Agreed WF
Following WF is agreed in [1].
=============================================================================

2.1. NPUSCH format 1

For the NPUSCH format 1, RAN4 agrees to define the following test cases, and related main configurations are listed as in Table 3.

Table 3: Simulation assumption for NPUSCH format 1
	Test number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level


	Number of tones
	Modulation
	RFC
	Propagation Condition
	Antenna configuration
	Reference value

	
	
	
	
	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)

	1
	180KHz
	Single
	3.75KHz
	[2],[16],[64]
	1
	 [Pi/2 BPSK]/

[Pi/4 QPSK]
	FFS
	ETU1
	1x 2
	[70%]
	TBD

	2
	180KHz
	Single
	15KHz
	[2],[16],[64]
	1
	[Pi/2 BPSK]/

[Pi/4 QPSK]


	FFS
	ETU1
	1 x 2
	[70%]
	TBD

	3
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	12
	QPSK
	FFS
	ETU1
	1 x 2
	[70%]
	TBD

	4
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	6
	QPSK
	FFS
	ETU1
	1 x 2
	[70%]
	TBD

	5
	180KHz
	Multi-tone
	15KHz
	[2],[16],[64]
	3
	QPSK
	FFS
	ETU1
	1 x 2
	[70%]
	TBD

	Note 1: FFS for the frequency offset value and channel estimation lengths.

Note 2: Assume HARQ retransmission 0 or 1, refer to RAN1 spec TS 36.213

Note 3: Interesting companies are encouraged to provide the simulation results in the next RAN4 meeting for all the scenarios if they can.


Table 4: FRC for NPUSCH format 1
TBD
2.2. NPUSCH format 2

For the NPUSCH format 2, RAN4 agrees to define the following test cases, and related main configurations are listed as in Table 5. The test metric is: probability of DTX->ACK, ACK->NAK, and  NAK->ACK.

Table 5: Simulation assumption for NPUSCH format 2
	Test number
	BW 
	Singe-/Multi-tone
	Sub-carrier spacing
	repetition level
	Modulation
	Propagation Condition
	Antenna configuration
	SNR (dB)

	1
	180KHz
	Single
	3.75KHz
	[2],[16],[64]
	Pi/2 BPSK
	EPA5
	1x 2
	TBD

	2
	180KHz
	Single
	15KHz
	[2],[16],[64]
	Pi/2 BPSK
	EPA5
	1 x 2
	TBD


=============================================================================

In the above agreement, the number of repetitions has still square brackets. In the next clause, we discuss and propose how to decide the number of repetitions, and provide draft CR for NPUSCH demodulation requirement.
3. Discussion
3.1. Number of repetitions for NPUSCH requirements
Generally, there are two approaches to select the number of repetitions for 3.75 kHz and 15 kHz spacing respectively.
[Approach 1] Set the number of repetitions for 3.75 kHz spacing which is 1/4 times of that for 15 kHz spacing to have similar SNR levels and throughputs for both 3.75 kHz and 15 kHz spacing.
e.g., 1, 4, 16 for 3.75 kHz spacing, and 4, 16, 64 for 15 kHz spacing.

[Approach 2] Select some same numbers from {1, 2, 4, 8, 16, 32, 64, 128} evenly for both 3.75 kHz and 15 kHz.
e.g., 2, 16, 64 for both 3.75 kHz and 15 kHz spacing.

Each approach has Pros and Cons as summarized in Table 1 below.
Table 1: summary of Approach 1 and 2

	
	Pros
	Cons

	Approach 1
	· Easy to compare 3.75 kHz with 15kHz, since estimated SNR and throughputs would be similar.
	· Large number of repetitions for 3.75 kHz (e.g., 64 or 128) and small number of repetitions for 15 kHz (e.g., 1 or 2) are not specified. It means that performances of cell edge for 3.75 kHz and cell centre for 15 kHz are not specified.

	Approach 2
	· Test cases for small and large number of repetitions can be specified evenly regardless of channel spacing.
	· Difficult to compare 3.75 kHz and 15 kHz, since estimated SNR and throughputs would be different.


From the above consideration, we propose another approach (Approach 3) to select the number of repetitions which is amalgamated approach 1 and 2.
[Approach 3] Set the number of repetitions for 3.75 kHz spacing which is 1/4 times of that for 15 kHz spacing to have similar SNR levels and throughputs for both 3.75 kHz and 15 kHz spacing. Large number of repetitions for 3.75 kHz and small number of repetitions for 15 kHz are also selected.
Following Table 2 shows example how to select the number of repetitions based on Approach 3. 
Table 2: Example how to select the number of repetitions based on Approach 3

	Channel spacing
	Number of repetitions

	
	1
	2
	4
	8
	16
	32
	64
	128

	3.75 kHz
	Selected
	NA
	Selected
	NA
	Selected
	NA
	Selected
	NA

	15 kHz
	Selected
	NA
	Selected
	NA
	Selected
	NA
	Selected
	NA


Proposal 1: To specify NPUSCH demodulation requirements, the number of repetitions should be selected according to the following methods.
i. Select the number of repetitions for 3.75 kHz which is 1/4 times of that for 15 kHz.
ii. Also select large number of repetitions for 3.75 kHz, and small number of repetitions for 15 kHz.

Proposal 2: For both 3.75 kHz and 15 kHz channel spacing, RAN4 should specify the test cases when the number of repetitions is 1, 4, 16 and 64.
3.2. Draft CR for TS 36.104
Based on the Proposal 1 and Proposal 2 in the previous clause and agreed WF [1], we provide draft CR for TS 36.104 to add NPUSCH demodulation requirements as bellow. We propose to add new section 8.2a for NPUSCH requirement between PUSCH (section 8.2) and PUCCH (section 8.3).
----- Unchanged sections omitted -----
8.2a
Performance requirements for NPUSCH

8.2a.1
Requirements for NPUSCH format 1 in multipath fading propagation conditions

The performance requirement of PUSCH format 1 is determined by a minimum required throughput for a given SNR. The required throughput is expressed as a fraction of maximum throughput for the FRCs listed in Annex A. The performance requirements assume HARQ retransmissions.
Table 8.2a.1-1 Test parameters for testing NPUSCH format 1
	Parameter
	Value

	Maximum number of HARQ transmissions
	[4]

	RV sequence
	TBD


8.2a.1.1
Minimum requirements

The throughput shall be equal to or larger than the fraction of maximum throughput stated in the table 8.2a.1.1-1 at the given SNR for 1Tx transmission.

Table 8.2a.1.1-1 Minimum requirements for NPUSCH format 1
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Sub-carrier spacing
	Propagation conditions and correlation matrix (Annex B)
	Number of repetitions
	FRC
(Annex A)
	Fraction of  maximum throughput
	SNR

[dB]

	1
	2
	Normal
	3.75kHz (single-tones)
	ETU 1Hz Low
	1
	A14-1
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-1
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-1
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-1
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	1
	A14-2
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-2
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-2
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-2
(QPSK)
	[70%]
	TBD

	
	
	
	15kHz (single-tones)
	ETU 1Hz Low
	1
	A14-3
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-3
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-3
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-3
(BPSK)
	[70%]
	TBD

	
	
	
	
	
	1
	A14-4
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-4
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-4
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-4
(QPSK)
	[70%]
	TBD

	
	
	
	15kHz (3-tones)
	ETU 1Hz Low
	1
	A14-5
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-5
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-5
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-5
(QPSK)
	[70%]
	TBD

	
	
	
	15kHz (6-tones)
	ETU 1Hz Low
	1
	A14-6
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-6
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-6
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-6
(QPSK)
	[70%]
	TBD

	
	
	
	15kHz (12-tones)
	ETU 1Hz Low
	1
	A14-7
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	4
	A14-7
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	16
	A14-7
(QPSK)
	[70%]
	TBD

	
	
	
	
	
	64
	A14-7
(QPSK)
	[70%]
	TBD

	Note*: Not applicable for Local Area BS and Home BS.


8.2a.2
DTX to ACK performance for NPUSCH format 2
8.2a.2.1


Minimum requirement

The DTX to ACK probability, i.e. the probability that ACK is detected when nothing was sent, shall not exceed [1%], where the performance measure definition is as follows:
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where:
●
#(false ACK bits) denotes the number of detected ACK bits. 

●
#(ACK/NACK bits) denotes the number of encoded bits per sub-frame

●
#(NPUSCH DTX) denotes the number of DTX occasions
8.2a.3
ACK missed detection requirement for NPUSCH format 2
The ACK missed detection probability is the probability of not detecting an ACK when an ACK was sent.

8.2a.3.1
Minimum requirements

The ACK missed detection probability shall not exceed [1%] at the SNR given in table 8.2a.3.1-1.

Table 8.2a.3.1-1 Minimum requirements for NPUSCH format 2
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Sub-carrier spacing
	Propagation conditions and correlation matrix (Annex B)
	Number of repetitions
	SNR

[dB]

	1
	2
	Normal
	3.75kHz (single-tones)
	EPA 5Hz Low
	1
	TBD

	
	
	
	
	
	4
	TBD

	
	
	
	
	
	16
	TBD

	
	
	
	
	
	64
	TBD

	
	
	
	15kHz (single-tones)
	EPA 5Hz Low
	1
	TBD

	
	
	
	
	
	4
	TBD

	
	
	
	
	
	16
	TBD

	
	
	
	
	
	64
	TBD

	Note*: Not applicable for Local Area BS and Home BS.


8.2a.4
NACK to ACK performance for NPUSCH format 2
The NACK to ACK detection probability is the probability that an ACK bit is falsely detected when an NACK bit was sent on the particular bit position, where the NACK to ACK detection probability is defined as follows:
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where:
●
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denotes the number of NACK bits decoded as ACK bits at the receiver, i.e. the number of received ACK bits

●
NACK bits in the definition do not contain the NACK bits which are mapped from DTX, i.e. NACK bits received when DTX is sent should not be considered.

ACK/NACK repetitions are disabled for NPUSCH transmission. Random codeword selection is assumed.

8.2a.4.1
Minimum requirements

The NACK to ACK probability shall not exceed [0,1%] at the SNR given in table 8.2a.4.1-1
Table 8.2a.4.1-1 Minimum requirements for NPUSCH format 2
	Number of TX antennas
	Number of RX antennas
	Cyclic prefix
	Sub-carrier spacing
	Propagation conditions and correlation matrix (Annex B)
	Number of repetitions
	SNR

[dB]

	1
	2
	Normal
	3.75kHz (single-tones)
	EPA 5Hz Low
	1
	TBD

	
	
	
	
	
	4
	TBD

	
	
	
	
	
	16
	TBD

	
	
	
	
	
	64
	TBD

	
	
	
	15kHz (single-tones)
	EPA 5Hz Low
	1
	TBD

	
	
	
	
	
	4
	TBD

	
	
	
	
	
	16
	TBD

	
	
	
	
	
	64
	TBD

	Note*: Not applicable for Local Area BS and Home BS.


----- Unchanged sections omitted -----
Proposal 3: Regarding NPUSCH demodulation requirement, RAN4 can provide CR based on the above draft CR presented in sub clause 3.2.
4. Conclusion

In this contribution, we discussed NPUSCH demodulation requirement especially how to decide the number of repetition. We obtained following proposals.
Proposal 1: To specify NPUSCH demodulation requirements, the number of repetitions should be selected according to the following methods.

i. Select the number of repetitions for 3.75 kHz which is 1/4 times of that for 15 kHz. 
ii. Also select large number of repetitions for 3.75 kHz, and small number of repetitions for 15 kHz.

Proposal 2: For both 3.75 kHz and 15 kHz channel spacing, RAN4 should specify the test cases when the number of repetitions is 1, 4, 16 and 64.
Proposal 3: Regarding NPUSCH demodulation requirement, RAN4 can provide CR based on the above draft CR presented in sub clause 3.2.
Reference

[1] R4-164480, “Way Forward and simulation assumptions for NB-IoT BS demodulation”, Huawei, RAN4#79, May 2016
[2] R4-164491, “Way forward on NPRACH simulation assumptions”, Nokia, RAN4#79, May 2016[image: image5.png]



1/4 times





1/4 times





1/4 times








1
1

_1528045204.unknown

_1528045210.unknown

_1528045229.unknown

_1528044639.unknown

