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1   Background
During RAN4#79AH HongKong meeting, simulation assumptions for NB-IoT UE demodulation in R4-79AH-0161[1] were approved. The simulation assumptions for NPDSCH are shown as below:

2.3 NPDSCH

For NPDSCH, RAN4 agrees to define the following test cases, and related main configurations are listed as in Table 5. Table 6 is for reference only.

Companies are encouraged to provide the simulation result and propose the number of repetitions to satisfy 70% of maximum NPDSCH throughput around the target SNR.

Table 5 Minimum performance NPDSCH

	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)

(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	1
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	1
	[EPA5]
	2
	TBD

	2
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	Note 2
	[EPA5]
	2
	[-6]

	3
	180KHz
QPSK [1/3]
	In-band
	([4], [0])

(TBS=56bits)
	Note 2
	[ETU1]
	2
	[-12]

	4
	180KHz
QPSK [1/2]
	Standalone/Guard-band
	([9], [3])

(TBS=616bits)
	Note 2
	[EPA5]
	1
	[-6]

	5
	180KHz
QPSK [1/3]
	Standalone/Guard-band
	([6], [3])

(TBS=392 bits)
	Note2
	[ETU1]
	1
	[-12]

	Note 1: Choose one repetition level from {1,2,4,8,16,32,64,128,192,256,384,512,768, } to satisfy 70% of the maximum NPDSCH throughput.

Note 2: Assumption of In-band configuration: CFI=3 and the number of LTE CRS ports is 4. Demodulation is assumed to be based only NRS.

Note 3: Maximum HARQ retransmission is 4. 


In this contribution, we share our simulation results as per the above assumptions and assume 1ms channel estimation length.

2   Performance evaluations 
As per the simulation assumption given in section 1, and for simulation results alignment and performance comparison, we provide both normalized throughput and absolute throughput simulation results as shown in below.
2.1   Simulation results for Case 1
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Figure 1: Simulation result for NPDSCH In-band, Repetition number=1 under EPA5 with 2 NRS ports
Observation 1: To achieve 70% NPDSCH max throughput, the corresponding SNR is about 1.9dB.
2.2   Simulation results for Case 2

[image: image2.png]Normalized throughput

NPDSCH In-band EPAS, 2NRS parts





Figure 2: Simulation result for NPDSCH In-band with different repetition numbers under EPA5 with 2 NRS ports
To achieve 70% maximum throughput, considering 1ms channel estimation length used, we choose the repetition level 8 that corresponding to -5.2dB SNR and the 70% maximum throughput.
Observation 2: To achieve NPDSCH 70% maximum throughput around the target SNR -6dB, the corresponding SNR is about -5.2dB with repetition number 8.
2.3   Simulation results for Case 3
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Figure 3: Simulation result for NPDSCH In-band throughput with different repetition numbers under ETU1 with 2 NRS ports
To achieve 70% maximum throughput, considering 1ms channel estimation length used, we choose the repetition level 64 that corresponding to about -10.6dB SNR and the 70% maximum throughput.
Observation 3: To achieve NPDSCH 70% maximum throughput around the target SNR -12dB, the corresponding SNR is about -10.6dB with repetition number 64.
2.4   Simulation results for Case 4
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Figure 4: Simulation results for NPDSCH Standalone/Guard-band throughput with different repetition numbers under EPA5 with 1 NRS port

To achieve 70% maximum throughput, considering 1ms channel estimation length used, we choose the repetition level 16 that corresponding to about -4.8dB SNR and the 70% maximum throughput.
Observation 4: To achieve NPDSCH 70% maximum throughput around the target SNR -6dB, the corresponding SNR is about -4.8dB with repetition number 16.
2.5   Simulation results for Case 5
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Figure 5: Simulation results for NPDSCH Standalone/Guard-band throughput with different repetition numbers under ETU1 with 1 NRS port
To achieve 70% maximum throughput, considering 1ms channel estimation length used, we choose the repetition level 16 that corresponding to about -9.4dB SNR and the 70% maximum throughput.
Observation 5: To achieve NPDSCH 70% maximum throughput around the target SNR -12dB, the corresponding SNR is about -9.4dB with repetition number 64.
2.6   Summary
According to the simulation results and observations in the above sections, we can get the following summary to achieve NPDSCH 70% maximum throughput around for different repetition levels in Table 2-1 and for the target SNR in Table 2-2:
Table 2-1: Summary of simulation results for NPDSCH
	Case
	Mode
	Propa
	Rep1
	2
	4
	8
	16
	32
	64
	128
	192
	256
	384
	512
	768

	1
	In-band
	EPA5
	1.9
	
	
	
	
	
	
	
	
	
	
	
	

	2
	In-band
	EPA5
	1.9
	-0.6
	-3.0
	-5.2
	-7.3
	-9.2
	-11.4
	-13.8
	-15.0
	-15.8
	-16.9
	-17.6
	-18.6

	3
	In-band
	ETU1
	2.5
	-0.2
	-2.6
	-4.8
	-6.9
	-8.9
	-10.6
	-12.4
	-13.5
	-14.3
	-16.4
	-16.5
	-17.7

	4
	Standalone
	EPA5
	5.9
	3.4
	0.8
	-1.8
	-4.8
	-7.7
	-10.3
	-12.6
	-13.8
	-14.5
	-15.4
	-15.9
	-16.3

	5
	Standalone
	ETU1
	4.4
	1.8
	-0.6
	-2.8
	-4.9
	-6.9
	-9.4
	-12.2
	-13.6
	-14.6
	-15.9
	-16.7
	-18.0


Table 2-2: The suitable repetition number to achieve the target SNR for NPDSCH

	Simulation number
	Operation mode
	Propagation Condition
	Number of NRS ports
	Repetition number
	Reference value
	Actual SNR (dB)

	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	Target SNR (dB
	

	1
	In-band
	EPA5
	2
	1
	70
	TBD
	1.9

	2
	In-band
	[EPA5]
	1
	8
	70
	[-6]
	-5.2

	3
	In-band
	[ETU1]
	2
	64
	70
	[-12]
	-10.6

	4
	Standalone/Guard-band
	[EPA5]
	1
	16
	70
	[-6]
	-4.8

	5
	Standalone/Guard-band
	[ETU1]
	2
	64
	70
	[-12]
	-9.4


Based on the observations, we have the following proposals:

Proposal 1: It is proposed the following repetition levels for the separate test cases targeting the 70% fraction of maximum throughput
· For case 2 the repetition number = 8.
· For case 3 the repetition number = 64.

· For case 4 the repetition number = 16.

· For case 5 the repetition number = 64.
3   Discussion
3.1   Transmission pattern for NPDSCH

In real tests for NPDSCH, the corresponding NPDCCH should be transmitted to schedule the NPDSCH. UE should decode NPDCCH first and then NPDSCH. Unlike LTE the NB-IOT uses cross-subframe scheduling. And the half duplex is used for NB-IOT UE. After decoding NPDSCH, NB-IOT UE should switch to uplink for NPUSCH format 2 transmission for ACK/NACK feedback. So to make the requirements testable, we should consider the real transmitted signal patterns including NPDCCH, NPDSCH and NPUSCH format 2 for NPDSCH tests.

In the following, we would like to provide an example pattern for the test. As per core specification TS 36.213 sections 16.4.1 and 16.4.2, if we assume NPDCCH with DCI format N1 ending in subframe n1, the scheduling delay in DCI format N1 equals to 0, i.e. k01 = 0, then k01 valid DL subframe+4ms need to OCNG for a arbitrary number of virtual NB-IoT UEs. After 
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 consecutive NB-IoT DL subframes for corresponding NPDSCH transmission and ending in NB-IoT subframe n2, if we assume k02 = 13 which is the smallest and common to subcarrier spacing 3.75KHz and 15KHz, the following 12 subframes need to fill OCNG for a arbitrary number of virtual NB-IoT UEs figured as following:
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Note1: k01=0 for NPDSCH transmission in Table 16.4.1-1 of  TS 36.213;

Note2: k02=13 for NPUSCH format 2 in Table 16.4.2-1 for 3.75Hz or 16.4.2-2 for 15KHz subcarrier spacing of  TS 36.213.

Figure1: The scheduling of NPDCCH, NPDSCH and NPUSCH format 2

As per DL-GapConfig-NB definition in core specification TS 36.331, it is optionally configured and only applicable for the repetition number at least 32, to minimize the test time, we propose not to configure it;

For the DL-Bitmap-NB, it is used to specify the set of NB-IoT downlink suframes for downlink transmission and are optionally bit-map configured, to minimize the test time and simplify the test and simulation, also try to define one set of performance for both anchor and non-anchor carrier, we propose not to configure DL-Bitmap-NB so that all subframes are valid except subframes carrying NPSS/NSSS/NPBCH/SIB1-NB for anchor carrier.
In order to save test time, we propose to configure the repetition level for NPDCCH as 1, i.e., n1=1. And to avoid the impact of NPDCCH error on NPDSCH demodulation performance, we propose to use as low Noc level as possible on the subframes for NPDCCH transmission, in other words, to use different Noc levels on NPDCCH and NPDSCH. 
For NPUSCH format 2, since the uplink channel in the test for it is noise free, we propose to set repetition levels to 1.

Based on the above analysis, we have the following proposals:

Proposal 2: Define transmission signal pattern including NPDCCH, NPDSCH, and NPUSCH format 2.
Proposal 3: In order to save test time and avoid the impact of NPDCCH error on NPDSCH demodulation performance, we propose to use different Noc levels in subframes for NPDCCH and NPDSCH transmission, e.g., inject external noise Noc to NPDSCH subframes but not have external noise for NPDCCH, and set the repetition level for NPDCCH as 1.

Proposal 4: Propose to set repetition level of NPUSCH format 2 to 1 in the transmission pattern.
Proposal 5: Propose the following test parameters for transmission pattern in Table 3.1.

Table 3.1: Test Parameters of related NPDCCH and NPUSCH format 2 configuration 

	Parameter
	Unit
	Value

	DCI format
	
	DCI format N1

	scheduling delay field (
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	0

	NPDCCH repetition number
	subframe
	1
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(ack-NACK-NumRepetitions)
	
	1

	ACK/NACK resource field
	
	0

	Reference channel for NPDCCH
	
	R.NBx.x for one NRS antenna port; R.NB.y.y for two NRS antenna ports


3.2   Noc values 

For the detailed Noc levels, we would like to have further discussion. In Table 3.2-1 we copy our simulation results for NPDCCH [2]. It is observed that for repetition level 1 the worst SNR point is around 14dB. And for NPDSCH tests, it was agreed to set the targeting SNR for final requirements at -6dB and -12dB. 

If we take the worst cases and use two separate Noc levels in NPDCCH and NPDSCH subframes, it means that the noise floor for NPDCCH should be 26dB lower than that for NPDSCH to avoid the impact of NPDCCH error on NPDSCH performance considering the input signal levels for NPDCCH and NPDSCH are the same. 
In LTE test, -98dBm/15KHz is widely used as Noc. If -98dBm/15KHz was used as Noc for NPDSCH subframes, the noise floor in NPDCCH subframes should be lower than -124dBm/15KHz to fulfill 26dB gap as discussed above. But if considering 9dB noise figure, the thermal noise at receiver is around -123dB/15KHz, say, the noise floor in NPDCCH subframes without inject the external noise, which is higher than -124dBm/15KHz.
Based on the above consideration, we propose to change the Noc level from for LTE tests, to -93dBm/15KHz for Noc in NPDSCH subframes. In that way, the noise floor gap between NPDCCH and NPDSCH subframes will be 30dB, which provides some margin for better NPDCCH performance.
Table 3.2-1: Simulation results for NPDCCH different repetition levels

	Case
	Mode
	Propa
	Rep1
	2
	4
	8
	16
	32
	64
	128
	256
	512

	1
	In-band
	EPA5
	8.3
	6.1
	3.8
	1.4
	-1.3
	-3.7
	-7.2
	-10.5
	-13.6
	-16.4

	2
	In-band
	ETU1
	8.0
	5.7
	3.6
	1.4
	-0.2
	-2.1
	-4.2
	-6.6
	-9.7
	-13.1

	3
	Standalone
	EPA5
	13.9
	13.2
	10.4
	7.4
	4.3
	0.4
	-3.6
	-7.9
	-12.4
	-15.9

	4
	Standalone
	ETU1
	11.9
	9.3
	7.8
	6.2
	4.5
	3.0
	0.8
	-2.3
	-6.2
	-10.2


For Noc level, we have the following proposal

Proposal 6: Propose Noc level of -93dBm/15KHz for NPDSCH subframes during the test, and not inject external noise for NPDCCH subframes.
4   Conclusion / Proposals
In this contribution, we provide our simulation results for NPDSCH and share our observations as following:

Observation 1: To achieve 70% NPDSCH max throughput, the corresponding SNR is about 1.9dB.
Observation 2: To achieve NPDSCH 70% maximum throughput around the target SNR -6dB, the corresponding SNR is about -5.2dB with repetition number 8.
Observation 3: To achieve NPDSCH 70% maximum throughput around the target SNR -12dB, the corresponding SNR is about -10.6dB with repetition number 64.
Observation 4: To achieve NPDSCH 70% maximum throughput around the target SNR -6dB, the corresponding SNR is about -4.8dB with repetition number 16.
Observation 5: To achieve NPDSCH 70% maximum throughput around the target SNR -12dB, the corresponding SNR is about -9.4dB with repetition number 64.
Based on the observations and analysis in section 3, we have the following proposals:

Proposal 1: It is proposed the following repetition levels for the separate test cases targeting the 70% fraction of maximum throughput

· For case 2 the repetition number = 8.

· For case 3 the repetition number = 64.

· For case 4 the repetition number = 16.

· For case 5 the repetition number = 64.

Proposal 2: Define transmission signal pattern including NPDCCH, NPDSCH, and NPUSCH format 2.

Proposal 3: In order to save test time and avoid the impact of NPDCCH error on NPDSCH demodulation performance, we propose to use different Noc levels in subframes for NPDCCH and NPDSCH transmission, e.g., inject external noise Noc to NPDSCH subframes but not have external noise for NPDCCH, and set the repetition level for NPDCCH as 1.

Proposal 4: Propose to set repetition level of NPUSCH format 2 to 1 in the transmission pattern.

Proposal 5: Propose the following test parameters for transmission pattern in Table 3.1.
Proposal 6: Propose Noc level of -93dBm/15KHz for NPDSCH subframes during the test, and not inject external noise for NPDCCH subframes.
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