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1	Introduction 
For NPDSCH, RAN4 agreed to define the following test cases, and related main configurations are listed as in Table 1 below. Table 2 is the TBS table for NPDSCH.
This paper provides the simulation results and proposes 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 1
	[EPA5]
	2
	[-6]

	3
	180KHz
QPSK [1/3]
	In-band
	([4], [0])
(TBS=56bits)
	Note 1
	[ETU1]
	2
	[-12]

	4
	180KHz
QPSK [1/2]
	Standalone/Guard-band
	([9], [3])
(TBS=616bits)
	
Note 1
	[EPA5]
	1
	[-6]

	5
	180KHz
QPSK [1/3]
	Standalone/Guard-band
	([6], [3])
(TBS=392 bits)
	-
	[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. 
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Table 6	TBS table for NPDSCH
	

	


	
	0
	1
	2
	3
	4
	5
	6
	7

	0
	16
	32
	56
	88
	120
	152
	208
	256

	1
	24
	56
	88
	144
	176
	208
	256
	344

	2
	32
	72
	144
	176
	208
	256
	328
	424

	3
	40
	104
	176
	208
	256
	328
	440
	568

	4
	56
	120
	208
	256
	328
	408
	552
	680

	5
	72
	144
	224
	328
	424
	504
	680
	

	6
	88
	176
	256
	392
	504
	600
	
	

	7
	104
	224
	328
	472
	584
	680
	
	

	8
	120
	256
	392
	536
	680
	
	
	

	9
	136
	296
	456
	616
	
	
	
	

	10
	144
	328
	504
	680
	
	
	
	

	11
	176
	376
	584
	
	
	
	
	

	12
	208
	440
	680
	
	
	
	
	



The simulation assumes that NRS is available in every subframe in the frame except subframe 5 which contains NPSS and subframe 9 in every other frame which contains NSSS. In RAN4#80, results were presented with filtering of NRS over multiple subframes. Here simulation results are presented with channel estimation performed over 1ms duration with time domain filtering over destaggered NRS tones across 2 slots.
2	Simulation Results
The following plot shows the NPDSCH throughput performance with respect to SNR(dB) for simulation number 1 in Table 1. 
	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
	4




Observation 1: For simulation number 1, target SNR to achieve 70% of max throughput is 4dB.

The following plot shows the NPDSCH throughput performance with respect to SNR(dB) for simulation number 2 in Table 1. 
	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)
(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	2
	180KHz
QPSK [1/3]
	In-band
	([4], [0])
(TBS=56bits)
	Note 1
	[EPA5]
	2
	[-6]

	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. 




Observation 2: For simulation number 2, 16 repetitions are required to achieve 70% of max throughput at -5.5 dB target SNR.

The following plot shows the NPDSCH throughput performance with respect to SNR(dB) for simulation number 3 in Table 1. 
	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)
(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	3
	180KHz
QPSK [1/3]
	In-band
	([4], [0])
(TBS=56bits)
	Note 1
	[ETU1]
	2
	[-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. 




Observation 3: For simulation number 3, 128 repetitions are required to achieve 70% of max throughput at -11 dB target SNR.

The following plot shows the NPDSCH throughput performance with respect to SNR(dB) for simulation number 4 in Table 1. 
	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)
(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	4
	180KHz
QPSK [1/2]
	Standalone/Guard-band
	([9], [3])
(TBS=616bits)
	
Note 1
	[EPA5]
	1
	[-6]

	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. 




Observation 4: For simulation number 4, 32 repetitions are required to achieve 70% of max throughput at -6 dB target SNR.

The following plot shows the NPDSCH throughput performance with respect to SNR(dB) for simulation number 5 in Table 1. 
	Simulation number
	Band-width and MCS
	Deployment Mode
	(ITBS, ISF)
(Table 6)
	Repetition level
	Propagation Condition
	Number of NRS ports
	Target SNR (dB)

	5
	180KHz
QPSK [1/3]
	Standalone/Guard-band
	([6], [3])
(TBS=392 bits)
	-
	[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. 




[bookmark: _GoBack]Observation 5: For simulation number 5, 128 repetitions are required to achieve 70% of max throughput at -10.5 dB target SNR.
3	Conclusions 
This paper contains NPDSCH simulation results for alignment and made the following observations:
Observation 1: For simulation number 1, target SNR to achieve 70% of max throughput is 4dB.
Observation 2: For simulation number 2, 16 repetitions are required to achieve 70% of max throughput at -5.5 dB target SNR.
Observation 3: For simulation number 3, 128 repetitions are required to achieve 70% of max throughput at -11 dB target SNR.
Observation 4: For simulation number 4, 32 repetitions are required to achieve 70% of max throughput at -6 dB target SNR.
Observation 5: For simulation number 5, 128 repetitions are required to achieve 70% of max throughput at -10.5 dB target SNR.
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% of Max Throughput (bps)



Rep16	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	5.7736720554272258E-3	2.2599802045529582E-2	5.6581986143187102E-2	0.10903992081821179	0.19020125371164631	0.27301220719234576	0.38023754536456611	0.46304849884526555	0.54807850898894939	0.63862774204189343	0.71532244763318487	0.78607949859805371	0.82929242949035131	Rep32	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	3.640704267382866E-2	9.1912861832288861E-2	0.17099373321396594	0.28409430020889281	0.40137272455983286	0.50357995226730312	0.60190987764846315	0.70814682184422562	0.78281622911694515	0.85735601313040877	0.91226499552372431	0.94300208892867798	0.96001193673530294	Rep64	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.16676088185415494	0.26059920859242514	0.3911814584511023	0.54041831543244778	0.65517241379310343	0.77501413227812321	0.86715658564160547	0.9287733182589033	0.95703787450537026	0.98247597512719054	0.99152063312605987	0.99886941775014138	0.99943470887507069	Rep128	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.37912087912087911	0.52637362637362639	0.6692307692307693	0.8098901098901099	0.90219780219780221	0.95384615384615379	0.98131868131868127	0.99450549450549453	1	1	1	1	1	Rep256	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.65075921908893708	0.81561822125813443	0.92640692640692635	0.99350649350649356	1	1	1	1	1	1	1	1	1	Rep384	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.81229773462783172	0.96763754045307449	0.99677419354838714	0.99677419354838714	1	1	1	1	1	1	1	1	1	Rep512	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.94396551724137934	0.99568965517241381	1	1	1	1	1	1	1	1	1	1	1	Rep768	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	1	1	1	1	1	1	1	1	1	1	1	1	1	Huawei	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	Ericsson	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	ZTE	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	ZTE?	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	Company12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	SNR [dB]

Throughput (bps)



Rep16	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	5.2787858792477715E-2	7.6047509072913244E-2	0.13675354668426265	0.20273837017485974	0.26113493896403828	0.38535136918508739	0.44523259650280433	0.50791817881887158	0.61035961728802368	0.67914879577697129	0.71115143516991086	0.75189706367535469	0.7804354998350379	Rep32	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.13518352730528205	0.19188301999403168	0.25246195165622198	0.31871083258728738	0.41808415398388543	0.53566099671739775	0.58281110116383172	0.65323783945091018	0.72247090420769922	0.77439570277529102	0.80065652044165925	0.86839749328558635	0.90569979110713217	Rep64	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	1.5732510135009536E-2	0.36970039570378743	0.43866591294516677	0.53872244205765973	0.63425664217071787	0.71735443753533068	0.77840587902769931	0.84397964951950255	0.87111362351611077	0.93386093838326734	0.93781797625777275	0.96099491237987567	0.96947427925381569	Rep128	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.37307692307692308	0.5956043956043956	0.65604395604395604	0.7857142857142857	0.8593406593406594	0.91208791208791207	0.93736263736263736	0.96923076923076923	0.97694840834248076	0.98681318681318686	0.99120879120879124	0.99780219780219781	0.99890109890109891	Rep256	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.67462039045553146	0.82863340563991317	0.89154013015184386	0.94360086767895879	0.98264642082429499	0.97402597402597402	0.99567099567099571	0.99567099567099571	0.99783549783549785	1	1	1	1	Rep384	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.85436893203883502	0.94498381877022652	0.97411003236245952	0.99032258064516132	1	1	1	1	1	1	1	1	1	Rep512	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.9137931034482758	0.97844827586206895	1	1	1	1	1	1	1	1	1	1	1	Rep768	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	0.98064516129032253	0.99358974358974361	1	1	1	1	1	1	1	1	1	1	1	Huawei	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	Ericsson	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	ZTE	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	ZTE?	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	Company12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	-20	-19	-18	-17	-16	-15	-14	-13	-12	-11	-10	-9	-8	-7	-6	-5	-4	-3	-2	-1	0	1	2	3	4	5	6	7	8	9	10	11	12	SNR [dB]

Throughput (bps)
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