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1 Co-existence studies
1.1 Standalone
Draft R4-161281
Summary of coexistence results for NB-IoT





Source: Ericsson
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Discussion:
No discussion. 
Draft R4-161284
WF on Coexistence Standalone





Source: Ericsson
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Discussion: 
Intel: For slide 6, what does ACLR means? How did you get it?
Ericsson: We collected the date in the spreadsheet where we can get them from the all results. 

Intel: ACLR_e is the criteria? 

Ericsson: It is the value we can obtain from the simulation results. 

Huawei: What is the definition of ACLR_e?

Qualcomm: Do we need to add the conclusion to the WF? What we need to capture is if we need further work or not.

Intel: For NB-IoT vs LTE, we should use ACLR 3 and 4. We need to make clear that this is not the 1st ACLR. We can add some texts to avoid misunderstanding to these ALCR to be the 1st ACLR.
Qualcomm: We need to know what we should do based on the results.

Ericsson: These values are not from one company.
Huawei: The conclusion in the slide 9 is so strong so that “should” should be replaced with “can”.

TeliaSonera: Why do we need to use ACLR and ACLR_e.

Ericsson: It is typo.
Conclusion: 
NB-IoT can co-exist with GSM, UMTS and LTE for standalone.
No more simulation for standalone cases are necessary for the next meetings.
1.2 In-band and guard band
Draft R4-161283
Way forward on simulations for in-band and guard-band





Source: Intel
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Discussion:
Conclusion:
It seems the way forward is agreeable.
2 UE RF
2.1 Spectrum emission mask
Related contribution list:
 
Draft R4-161277
NB-IoT SEM simulation assumptions





Source: Intel
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Discussion: 
Qualcomm: What is the referred power to MPR?
Nokia Networks: 23 dBm mask is the reference. There is no proposal on 33 dBm mask.

Ericsson: These modulations are already agreed in RAN1?
Intel: We can check it.
Qualcomm: If we look at WID which says NB-IoT needs to satisfy GSM mask.
Ericsson: Are you sure to refer to the latest WID? 
Nokia Networks: We have the same view with Ericsson. What Huawei proposed is also a GSM mask. It would be good to check the latest WID.

Qualcomm: It seems the latest one does not say anything on GSM mask.
Intel: We have two options. Other options are not precluded.

Huawei: Regarding WID, the text touching GSM mask is not for UE RF but rather for BS RF.
Intel: We would like to capture all the options which other companies would like to use.
Chair: It seems no requests for other options than captured in the document.
Conclusion: 
No any other options than those captured in the document are proposed in the AH.
It seems agreeable.

3 BS RF
3.1 Unwanted emission mask
Related contribution list:
 
Draft R4-161282
Way forward on BS unwanted emission requirement for NB-IoT 





Source: Huawei
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Discussion: 
For ACLR
Ericsson: This is two steps ACLRs. We need to consider more based on co-existence study. On emission mask, exception is only for Rel8 BS in the field.

Huawei: On ACLR, we derive the ACLR 1 and 2 based on co-existence study so that we do not need more simulation. NB-IoT with GSM for ACLR 1, NB-IoT with LTE & UMTS for ACLR 2. Co-existence with UMTS and LTE would be actually ACLR 3 but ACLR 2 can guarantee the co-existence.

Ericsson: We need to think about if we can conclude that way.
Nokia Networks: Current simulation is based on single ACLR. How can you get the values for ACLR 2 from the study.
Huawei: If we look at figures, the 1st adjacent value which is from GSM vs NB-IoT as ACLR 1. For ACLR 2, when you consider co-existence between LTE and NB-IoT with 500 kHz offset, this should be ACLR 3. We get ACLR 3 value and the value of ALCR 3 is applied as ALCR 2. Thus, this ACLR 2 can guarantee the co-existence.
For SEM

Nokia Networks: On UEM for MSR for Category 2, the associated text needs to be more specific. What the meaning of FFS of CBW?
Huawei: For the 1st question, we need to check it, however, in our understanding, for LTE, specification has two options. For FFS of CBW, for guard band operation, even if we put NB-IoT tone(s) in the guard band, still BS needs to satisfy LTE UEM but it is quite hard to satisfy it in practice without sufficient GB.

Nokia Networks: For MSR, there are two options for BC2 operation. Still we need to understand what the proposal. 

Ericsson: We are talking about 6.6.2.2/2. Regarding the bandwidths less than 5MHz, there are some contributions that says LTE emission should be satisfied.

Huawei: We can add specific numbers for MSR mask for clarity as Ericsson proposed.
Nokia Networks: I have a question for Ericsson. Foffset should not be considered for CBW less than 5MHz? Could we take a following in the minute?

Ericsson believes that it is feasible to apply GB operation without offset 5MHz below.
For Spurious emission

No comments
Conclusion: 
ACLR: Ericsson needs more time to check. 
SEM: 
· For in band operation, the proposal is agreeable.

· For standalone and in/guard band operation, the proposals need more clarification.

Spurious emission: The proposal is agreeable.
3.2 Receiver requirements
Related contribution list:
 
Draft R4-161275
WF on BS receiver requirements for NB-IoT





Source: Huawei
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Discussion: 
Ericsson: It is better to clarify if the option 2 is selected, 3 tones transmission for multi-tone is applied.
Huawei: We can capture Ericsson’s comment.

Nokia Networks: Why do we need new FRC for option 2 only?

Ericsson: If there is multi-tones, option 1 is not applied.

Huawei: Only option 2 includes multi-tones.
Nokia Networks: We need new FRC also for single tone.

Huawei: Others include both option 1 and 2.

Conclusion: 
Content itself is agreeable, however, more clarification for text is required.
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Background


This contribution captures the current status and first conclusion of NB-IOT standalone coexistence during RAN4#78 in Malta. 





It also lists next steps related to coexistence.











Coex results


Criteria:


LTE: 


Throughput loss <= 5% (average and 5%)


UMTS: 


Outage <= 5%


GSM: 


Outage <= 5%


NB-IoT:


SNR loss < 1(?) dB  (at 5%?,  Average?, 95%?)








Results


GSM


BS: 	ACLR:	40 dB		ACS: 45-50 dB


With ACLR=40, outage degradation in [4.1 – 2.9] %


With ACS=45, loss in [2.8 – 0.4] dB





UE: 	ACLR:	20 dB		ACS: 30-40 dB


With ACLR=20, outage degradation in [3.4 - 0.8] %


With ACS= 30, loss in [2-0] dB
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Results


UMTS


BS: 	ACLR_e: 40-45 dB	ACS: 40 dB


With ACLR=45, outage degradation in [3.27 – 0.34] %


With ACS=40, loss in [0.7 - 0] dB





UE: 	ACLR_e:>50	dB	ACS:20-40 dB


With ACS=30, loss in [1.4 – 0] dB
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Results


LTE


BS: 	ACLR_e: 40-55 dB	ACS: 40-50 dB


With ACLR=45, loss in [12.3 – 0.74]%


With ACLR=50, loss in [6.7 – 0.38]%


With ACS=45, loss in [1.3 – 0.1] dB





UE: 	ACLR_e: 35-45 dB	ACS:35-40 dB


With ACLR=40, loss in [11.3 – 2.2] %


With ACS=35, loss in [1.51 - 0] dB

















6





BS UEM Mask(s)


MSR mask:


200 kHz Foffset


Coexistence: 


Should be no issue:


 ACLR_e ~48-50dB (R4-160911, tbc) 





Other not agreed masks:


LTE Rel8 mask: ??

















UE UEM mask


3 candidates (from R4-160154 - Intel)











						single-tone SEM			multitone SEM			ACLR			SEM type


			Option 1			GSM			relaxed GSM			NO			relative


			Option 2			NB-IOT SEM (LTE like)						YES			absolute


			Option 3			NB-IOT SEM (GSM like)						YES			absolute











Preliminary conclusions


Assuming ACLR and ACS values from previous slides,


Assuming mentioned impacts in previous slides,


NB-IoT should coexist with GSM, UMTS and LTE.








Next steps


BS and UE RF specs expect ACLR/ACS value from coexistence (ref to associated WF).


If yes, how to proceed? 


Consider new BS and UE masks, at least FoffsetRAT.


Re-run coex with 2 steps ACLR (BS)? UE?


...








Annex


Achievable power ratio is provided based on the candidate SEM proposed in [1, 2]





[1] R4-77AH-IoT-0059, “NB-IOT UE RF aspects”, Nokia Networks


[2] R4-160616, “On UE emission requirement for NB-IoT”, Huawei








UE SEM requirements


UE SEM variants











Achievable power ratio


Achievable power ration for coexistence by integral of the candidate UE SEM variants






































[1] R4-77AH-IoT-0059, “NB-IOT UE RF aspects”, Nokia Networks


[2] R4-160616, “On UE emission requirement for NB-IoT”, Huawei


			Protection over the 200kHz channel with edge to edge frequency offset			100kHz
(with GSM)			500kHz
(with LTE)			580kHz
(with UMTS)


			(reference) GSM			36dB			60dB			60dB


			LTE like [1]			18dB			55dB			55dB


			GSM like [2]			26dB			50dB			50dB











image1.png


NB-loT UE SEM

8

8

Eo

s —asm
— ITEdike [1]
— GSMHlike 2]

0 100 200 300 400 s00 500
Frequency offset to channel edge (ktz)












e fe 1513 2006

WF on Coexistence Standalone

Ercson, (AL, e, Noki, T, NEC, ),
uconm, |








_1517306291/Draft R4-161277.zip


DRAFT R4-161277 NB-IoT UE SEM evaluation assumption r03_clean.doc




3GPP TSG-RAN WG4 Meeting #78

R4-161277


St George's Bay, Malta, 15-19 February, 2016


Agenda item:
6.23.3


Source:
Intel Corporation, []


Title:
NB-IoT SEM simulation assumptions


Document for:
Approval


1
Introduction


The Rel-13 Work Item on Narrowband IoT [1] has made progress in outlining the initial set of agreements on NB-IoT UE transmitter requirements in [3].  On the topic of UE spectral emission mask, a number of views were discussed in [8], [9], [10], [11], [12] during the RAN4 #78 meeting.  In addition, a number of options for selecting the emission mask were outlined in [7] and [11].



This paper describes the methodology for evaluating the emission mask options using simulations and provides a table of simulation assumptions.  Results from interested companies are requested for the RAN4 #78bis meeting.


2
Proposal


The evaluation of emission mask options uses MPR as a tool.  Tables of potential MPR values across the simulation options and SEM options provide the data set which drives the decision on the SEM definition.


Table 1 below lists the SEM options that are used in the evaluation.


Table 1: SEM options


			


			Description


			ACLR


			SEM type


			Reference





			Option 1


			NB-IOT SEM (LTE like)


			YES


			absolute


			[7]





			Option 2


			NB-IOT SEM (GSM like)


			YES


			absolute


			[11]








Table 2 NB-IOT SEM (LTE like) [7]


			ΔfOOB (kHz)


			Emission limit (dBm)


			Measurement bandwidth





			( 0 - 50


			17


			30 kHz 





			( 50 - 150


			2


			30 kHz





			( 150 - 500


			-16


			30 kHz





			( 500- 1700


			-38


			30 kHz








Table 3 NB-IOT SEM (GSM like) [11]


			ΔfOOB (kHz)


			Emission limit (dBm)


			Measurement bandwidth





			( 0


			26


			30 kHz 





			( 100


			-5


			30 kHz





			( 150


			-8


			30 kHz





			( 300


			-29


			30 kHz





			( (500-1700)


			-35


			30 kHz





			( (1700-5900)


			-40


			100 kHz





			(  5900


			-46


			100 kHz








The evaluation of the spurious emission domain uses the MPR tool to quantify the choice of the spurious boundary in terms of MPR as well.  One option is to consider the 250% rule from ITU [13]:


For the purpose of this Recommendation all emissions, including intermodulation products, conversion products and parasitic emissions, which fall at frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission will generally be considered spurious emissions. For multi-channel or multi-carrier transmitters/transponders, where several carriers may be transmitted simultaneously from a final output amplifier or an active antenna, the centre frequency of the emission is taken to be the centre of the –3dB bandwidth of the transmitter or transponder.


Table 2 below lists the spurious evaluation parameters.



Table 4: Spurious evaluation parameters



			Frequency


			Spurious requirement





			< 1 GHz


			-36 dBm/100 kHz





			> 1 GHz


			-30 dBm/1 MHz








The evaluation of the spurious emission domain reports if additional MPR is needed to meet the spurious requirements.


Table 2 below lists the UE transmission simulation assumptions that are used in the evaluation.  Companies are encouraged to provide simulation results for a CMOS integrated PA.


Table 5: UE transmission simulation assumptions



			Parameter
set


			Num
tones


			SC
spacing


			Modulation


			Total power





			1


			12


			15 kHz


			QPSK


			23 dBm





			2


			6


			15 kHz


			QPSK


			23 dBm





			3


			3


			15 kHz


			QPSK


			23 dBm





			4


			1


			15 kHz


			pi/4-QPSK


			23 dBm





			5


			1


			15 kHz


			pi/2-BPSK


			23 dBm





			6


			1


			3.75 kHz


			pi/4-QPSK


			23 dBm





			7


			1


			3.75 kHz


			pi/2-BPSK


			23 dBm








The figure of merit of these evaluations is the MPR necessary to conform to each mask option; if further MPR is necessary to meet the spurious requirements, these values are also reported.


Proposal: Results from interested companies are requested for the RAN4 #78bis meeting.
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Annex-A: Result template



Table A-1: MPR results



			pi/2-BPSK


			 


			NB-IOT SEM (LTE like)


			NB-IOT SEM (GSM like)





			Tone
spacing
[kHz]


			#
tones


			Company A


			Company B


			Company C


			Company A


			Company B


			Company C





			3.75


			1


			


			


			


			


			


			





			15


			1


			


			


			


			


			


			





			


			


			


			


			


			


			


			





			pi/4-QPSK


			 


			NB-IOT SEM (LTE like)


			NB-IOT SEM (GSM like)





			Tone
spacing
[kHz]


			#
tones


			Company A


			Company B


			Company C


			Company A


			Company B


			Company C





			3.75


			1


			


			


			


			


			


			





			15


			1


			


			


			


			


			


			





			


			


			


			


			


			


			


			





			


			


			


			


			


			


			


			





			 QPSK


			 


			NB-IOT SEM (LTE like)


			NB-IOT SEM (GSM like)





			Tone
spacing
[kHz]


			#
tones


			Company A


			Company B


			Company C


			Company A


			Company B


			Company C





			15


			3


			


			


			


			


			


			





			15


			6


			


			


			


			


			


			





			15


			12
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Huawei, […] 


Way forward on BS unwanted emission requirement for NB-IoT


R4-16xxxx











Background


			BS unwanted emission requirement such as ACLR, emission mask and spurious emission was discussed in [1], [2], [3], [4],[5]and [6]. 




















 Way forward on ACLR


			For standalone operation


			Reserve 100 kHz between NB-IoT channel and the 1st adjacent channel for ACLR requirement.


			Define 2 ACLR requirements as in below Table for standalone operation.



































			For in-band/guard band operation 


			Reuse existing LTE ACLR requirement and adjacent channel measurement bandwidth is kept unchanged.





			ACLR			Requirement


			ACLR1			[40 dBc]


			ACLR2			[45 dBc]













































































200 kHz Channel bandwidth


180 kHz Measurement bandwidth











1st adjacent channel





2nd adjacent channel


100 kHz guard











  Way forward on UEM


			For standalone operation


			Reuse existing UEM requirement for MSR BC2 operation with 100kHz offset between NB-IoT channel edge and RF bandwidth edge.


			For BS that only support E-UTRA and NB-IoT multi-carrier operation, the existing E-UTRA Category A and Category B Option 1 masks should be kept as options only for Rel-8 E-UTRA BS upgrade.


			For in-band operation 


			When NB-IoT is operating in band, it shall fulfil LTE unwanted emission requirements.





For guard band operation 


			When NB-IoT is operating in guard band, it shall fulfil LTE unwanted emission requirements for CBW > 5MHz. It is FFS for CBW=1.4/3/5 MHz.





			

















 Way forward on Spurious emission


			Follow MSR base station requirement in terms of both spurious emission boundary and emission level for NB-IoT.


			The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. 
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[3] R4-160611, Foffset in guard band operation for NB-IoT , Huawei


[4] R4-160612, On BS spurious emission boundary for NB-IoT, Huawei


[5] R4-160915, BS RF: Unwanted Emission requirements, Ericsson


[6] R4-160247, Discussion on emission masks for NB-IoT BS, Nokia Networks, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

















_1517306695/Draft R4-161275.zip


Draft R4-161725  Way forward on BS receiver RF requirements v2.pptx

Way forward on BS receiver requirements for NB-IoT


	Huawei, [Ericsson, DCM, … ]


3GPP TSG-RAN WG4 Meeting #78		R4-161725


Malta, 15-19 Feb, 2016











1





Reference


[1] R4-160179, “BS Rx RF requirement for NB-IoT(in-band/guard-band)”, NTT DOCOMO INC.


[2] R4-160613, “On BS REFSENS for NB-IoT”, Huawei


[3] R4-160914, “BS RF: REFSENS requirement”, Ericsson


[4] R4-160910, “Way forward on BS RF requirements”, Ericsson














Background


This contribution captures the intial consensus for NB-IoT BS receiver requirements. 








Receiver requirements


BS REFSENS


Methodology


Reference sensitivity level is the minimum mean received signal strength to meet 95%of the maximum throughput. REFSENS can be calculated as follows:


REFSENS = -174+10*log10(BW) + NF + IM + SNR


Where:


BW is the transmission bandwidth in Hz, 


NF is the receiver noise figure in dB,


IM is implementation margin in dB,


SNR in dB to meet the 95% of maximum throughput under fixed reference channel (FRC)


For wide area base station, NF = 5, IM = 2.








Receiver requirements


BS REFSENS (cont.)


Operation mode


Single same requirement specified for all 3 operation modes


Requirements 


Option1: Specify requirement for single-tone transmission of both 3.75kHz and 15kHz.


Option2: Sepcify requirement for single-tone transmission of both 3.75kHz and 15kHz,  as well as 3 tones of multi-tone transmission. The requirement for 3 tones transmission could be applied for each 3 tones of 6 and 12 tones for multi-tone transmission.








Receiver requirements


BS REFSENS (cont.)


Configration of FRC


3.75kHz and 15kHz for single-tone


3 tones transmission for multi-tone


Pi/2-BPSK for single-tone


QPSK for multi-tone


Repetition is not considered


Others (including transport block size, coding rate, etc.) are FFS.








Receiver requirements


Others need to be investigated


Dynamic range


In-band selectivity 


ACS and narrowband blocking


Blocking


Receiver intermodulation





Note: [1] can be used as a reference for initial discussion for other requirements.
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Background


Different companies used different granularity on power leakage modeling, but it seems these two methods are equivalent given the RX signals at BS from different NB-IoT users are the same.


The power leakage levels from different companies are different.


The simulation results from different companies are quite different especially at the first adjacent PRB.








Way forward on simulations for in-band and guard-band


Companies will share power leakage levels over email after this meeting, and try to come up with an agreeable set of power leakage levels which will be used for all companies to do the simulations.


Companies will provide simulation results using the format in R4-160623 (0623 may be revised) to the next RAN4 meeting.
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5%			3			2.4			1.6			1.3			1																											Ericsson			Outage			2.9			1.4			0.8			0.3			0.1						Ericsson			SNR loss
5%			6.3			3.4			2			1.3			1


												Throughput loss
 Average			8.15			4.17			2.78			1.39						8.32			4.16			2.77			1.39												SNR loss
50%			1.4			0.8			0.6			0.3			0.2			1.1			0.6			0,3			0.2			0												Huawei			Capacity loss			4.01			2.27			1.54			1.32			1.28																								SNR loss
50%			1.1			0.8			0.5			0.4			0.3																											CMCC			Outage			4.1			2			1.1			1			0.7									SNR loss
50%			1.3			0.8			0.5			0.4			0.3


									Intel			Throughput loss
5%			28.4			11.9			6.7			4.4			3.5			25.4			12.3			6.4			3.8			3									SNR loss
95%			0.3			0.2			0.1			0			0			0.2			0.2			0.1			0.1			0												Qualcomm			Capacity loss			0.51			0.34																																	SNR loss
95%			0.7			0.5			0.5			0.5			0.5																											Huawei			Outage			3.4			2.3			1.9			1.6			1.5									SNR loss
95%			0.2			0.2			0.1			0.1			0.1


												Throughput loss
 Average			4.7			2.4			1.5			1.1			0.9			4.4			2.3			1.5			0.9			0.8									SNR loss
99%			0.1			0.1			0			0			0			0.1			0			0			0			0																																																						SNR loss
99%			0.1			0.1			0.1			0			0																											Qualcomm			Outage			2.54			2.06			1.88			1.73			1.67									SNR loss
99%			0.1			0.1			0			0			0


									ZTE			Throughput loss
5%			19.4			7.75			3.95			2.47			2.05			21.34			8.82			3.6			2.24			1.82						Intel			SNR loss
5%			5.9			2.4			1.2			0.5			0.2			4.9			2.2			0.9			0.4			0.2																																																			Huawei			SNR loss
5%			3.2			1.8			0.6			0.2			0.1																																																			Huawei			SNR loss
5%			2.5			1.2			0.8			0.5			0.2


												Throughput loss
 Average			4.42			2.2			1.24			0.88			0.76			4.58			2.27			1.26			0.88			0.76									SNR loss
50%			1.6			0.9			0.5			0.3			0.1			1.5			0.9			0.4			0.2			0.1																																																						SNR loss
50%			0.8			0.42			0.2			0.1			0.04																																																						SNR loss
50%			0.8			0.6			0.3			0.2			0.1


									Huawei			Throughput loss
5%			5.4			2.2			1.4			1.1			1			6.2			2.3			1.5			1.2			1									SNR loss
95%			1			0.5			0.3			0.1			0.06			1			0.6			0.3			0.1			0.05																																																						SNR loss
95%			0.3			0.11			0.06			0.01			0.01																																																						SNR loss
95%			0.1			0.06			0.02			0.01			0.01


												Throughput loss
 Average			1.7			0.74			0.38			0.26			0.22			1.8			0.77			0.4			0.27			0.23									SNR loss
99%			0.6			0.3			0.1			0.1			0.02			0.6			0.3			0.1			0.1			0.03																																																						SNR loss
99%			0.02			0.01			0.004			0.001			0.001																																																						SNR loss
99%			0.01			0.01			0.001			0.001			0.001


									Qualcomm			Throughput loss
5%			18.51			9.31			5.36			3.79			3.31			18.8			9.32			5.28			3.67			3.16						ZTE			SNR loss
5%			6.63			2.77			1.22			0.53			0.20			7.54			3.54			1.44			0.70			0.36																																																			Company X			SNR loss
5%																																																																		Qualcomm			SNR loss
5%			2.84			1.45			0.8			0.46			0.26


												Throughput loss
 Average			5.32			2.83			1.67			1.06			1.06			5.41			2.89			1.71			1.24			1.08									SNR loss
50%			1.70			1.08			0.61			0.26			0.10			1.72			1.06			0.57			0.32			0.18																																																						SNR loss
50%																																																																					SNR loss
50%			0.78			0.47			0.27			0.15			0.09


																																																			SNR loss
95%			1.51			1.07			0.69			0.38			0.16			1.56			0.85			0.47			0.25			0.08																																																						SNR loss
95%																																																																					SNR loss
95%			0.16			0.09			0.06			0.03			0.02


																																																			SNR loss
99%			1.58			0.91			0.50			0.14			0.04			1.71			1.04			0.78			0.70			0.25																																																						SNR loss
99%																																																																					SNR loss
99%			0.04			0.04			0.01			0.006			0.002


																																																Huawei			SNR loss
5%			3.6			2.1			1.2			0.5			0.3			3.7			2.2			1.2			0.6			0.3


																																																			SNR loss
50%			1			0.5			0.3			0.15			0.08			1			0.5			0.3			0.16			0.08


																																																			SNR loss
95%			0.39			0.2			0.11			0.06			0.02			0.4			0.2			0.12			0.06			0.02


																																																			SNR loss
99%			0.08			0.036			0.036			0.01			0.01			0.08			0.04			0.04			0.01			0.01


																																																Qualcomm			SNR loss
5%			11.38			6.72			3.11			1.51			0.79			11.27			6.63			3.05			1.5			0.79


																																																			SNR loss
50%			2.13			1.36			0.85			0.52			0.3			2.12			1.36			0.85			0.51			0.3


																																																			SNR loss
95%			0.54			0.35			0.23			0.13			0.07			0.57			0.35			0.21			0.13			0.069


																																																			SNR loss
99%			0.18			0.11			0.06			0.03			0.018			0.16			0.09			0.05			0.027			0.019


















































Standalone Uplink





									LTE																																																																																	UMTS																																																																																				GSM





									Sourcing			Case 7
NB-IoT -> LTE
3 UEs - 60 kHz			LTE 0.9 GHz																					LTE 2 GHz																								Sourcing			Case 8
LTE -> NB-IoT
3 UEs - 60 kHz			LTE 0.9 GHz									LTE 2 GHz																		Sourcing			Case 9
NB-IoT -> UMTS
3 UEs - 60 kHz			UMTS 0.9 GHz																					UMTS 2 GHz																								Sourcing			Case 10
UMTS -> NB-IoT
3 UEs - 60 kHz			UMTS 0.9 GHz									UMTS 2 GHz																		Sourcing			Case 11
NB-IoT -> GSM
3 UEs - 60 kHz			GSM 0.9 GHz																								Sourcing			Case 12
GSM -> NB-IoT
3 UEs - 60 kHz			GSM 0.9 GHz


												UE ACLR			20			25			30			35			40			45			50			20			25			30			35			40			45			50									BS ACS			40			45			50			40			45			50															UE ACLR 			20			25			30			35			40			45			50			20			25			30			35			40			45			50									BS ACS			40			45			50			40			45			50															UE ACLR 			20			25			30			35			40			45			50									BS ACS			40			45			50


									Ericsson			Throughput loss
5%			84.56			58.09			29.2			13.87			7.56			3.78			1.89			71.43			50.53			26.26			13.87			5.67			3.78			1.9						Ericsson			SNR loss
5%			2.9			1.3			0.6																					Ericsson			Capacity loss															58.4			18.8			9.4																											Ericsson			SNR loss
5%			0.1			0.1			0.1																					Ericsson			Outage			3.4			1.9			1.2			0.6			0.3			0.2			0						Ericsson			SNR loss
5%			1.5			0.6			0.3


												Throughput loss
 Average			22.14			13.11			7.28			4.37			1.46			1.46			0.1			19.6			10.19			5.82			2.91			1.46			0.1			0.05									SNR loss
50%			1			0.6			0.4																					Huawei			Capacity loss															70.2			32.5			11.8																														SNR loss
50%			0.2			0.2			0.2																					CMCC			Outage			0.8			0.4			0.1			0			0			0			0									SNR loss
50%			1.4			0.7			0.3


									Intel			Throughput loss
5%			97.5			62.6			31			12			3.3			0.7			0.3			86			51.7			18.8			6.6			1.3			0.2			0.08									SNR loss
95%			0.9			0.6			0.5																					Qualcomm			Capacity loss									76.81			49.95			25.37			11.07			4.7																														SNR loss
95%			0.2			0.2			0.2																					Huawei			Outage			3.2			1.7			1.2			0.8			0.3			0.12			0.07									SNR loss
95%			0.9			0.5			0.4


												Throughput loss
 Average			21.5			12.5			7.2			3.7			1.7			0.8			0.2			19.3			11.5			5.6			2.9			1.2			0.5			0.2									SNR loss
99%			0.5			0.3			0.3																																																																											SNR loss
99%			0.1			0.1			0.1																					Qualcomm			Outage									0.27			0.14			0.08			0.08			0.08									SNR loss
99%			0.7			0.4			0.2


									ZTE			Throughput loss
5%			71.0062162602			38.1193512525			15.7344205522			5.1772761511			1.6416971238			0.3433606208			0.0816494653			73.0890335016			44.6175755463			25.2174511889			11.2876532032			3.6598338441			0.3679408059			0.0136323975						Intel			SNR loss
5%			2.7			1.1			0.8			2.5			1.1			0.7																																																															Huawei			SNR loss
5%			0.01			0			0																																																			Huawei			SNR loss
5%			5.8			2.8			1


												Throughput loss
 Average			18.3620990097			9.7410243552			4.7845484025			2.2023046954			0.9602900336			0.403722917			0.17435748			17.0892182126			9.2390522807			4.8098009237			2.4602909812			1.2160103509			0.5761506137			0.2602765715									SNR loss
50%			1			0.6			0.5			0.9			0.6			0.5																																																																		SNR loss
50%			0.44			0.2			0.1																																																						SNR loss
50%			2.1			1.3			0.8


									Huawei			Throughput loss
5%			63.6			43.3			22.5			6.8			1.3			0.05			0.02			65.3			43.6			23			7.4			1.4			0.14			0.03									SNR loss
95%			1.1			0.8			0.6			1			0.7			0.6																																																																		SNR loss
95%			0.7			0.36			0.2																																																						SNR loss
95%			1.8			0.8			0.5


												Throughput loss
 Average			23.8			13.9			7.4			3.6			1.6			0.7			0.3			23.8			14			7.5			3.7			1.7			0.7			0.3									SNR loss
99%			1			0.7			0.6			1			0.7			0.6												Sourcing			Case 9
12 UEs - 15 kHz			UMTS 0.9 GHz																					UMTS 2 GHz																											SNR loss
99%			0.7			0.45			0.2																					Sourcing			Case 11
NB-IoT -> GSM
12 UEs - 15 kHz			GSM 0.9 GHz																											SNR loss
99%			1.3			0.5			0.3


									Qualcomm			Throughput loss
5%									31.18			13.8			6			2.2			0.76									30.44			13.56			5.93			2.42			0.86						ZTE			SNR loss
5%			0.34			0.13			0.06			0.20			0.08			0.05															UE ACLR 			20			25			30			35			40			45			50			20			25			30			35			40			45			50						Qualcomm			SNR loss
5%																																	UE ACLR 			20			25			30			35			40			45			50						Qualcomm			SNR loss
5%			0.63			0.3			0.2


												Throughput loss
 Average									12.9			7.1			3.68			1.8			0.83									12.62			6.88			3.53			1.7			0.78									SNR loss
50%			0.44			0.23			0.13			0.40			0.18			0.12												Qualcomm			Capacity loss									85.58			64.14			37.38			17.24			7.29																														SNR loss
50%																														CMCC			Outage			2.3			1.1			0.4			0.1			0			0			0									SNR loss
50%			0.47			0.24			0.15


																																																															SNR loss
95%			0.94			0.56			0.39			0.89			0.49			0.33												Company 2			Capacity loss																																																			SNR loss
95%																														Qualcomm			Outage									0.65			0.31			0.17			0.14			0.14									SNR loss
95%			0.4			0.25			0.16


																																																															SNR loss
99%			0.95			0.57			0.39			1.00			0.59			0.42												Company X			Capacity loss																																																			SNR loss
99%																														Company X			Outage																														SNR loss
99%			0.44			0.29			0.19


																																																												Huawei			SNR loss
5%			0.05			0.05			0			0.05			0..05			0.02


																																																															SNR loss
50%			0.6			0.4			0.2			0.8			0.4			0.3


																																																															SNR loss
95%			0.7			0.4			0.3			1.1			0.6			0.4


																																																															SNR loss
99%			0.5			0.4			0.3			1			0.5			0.4


																																																												Qualcomm			SNR loss
5%			0.81			0.28			0.16			0.86			0.34			0.19												Sourcing			Case 9
NB-IoT -> UMTS
48 UEs - 3.75 kHz			UMTS 0.9 GHz																					UMTS 2 GHz																								Sourcing			Case 10
UMTS -> NB-IoT
12 UEs - 15 kHz			UMTS 0.9 GHz									UMTS 2 GHz																		Sourcing			Case 11
NB-IoT -> GSM
48 UEs - 3.75 kHz			GSM 0.9 GHz																								Sourcing			Case 12
GSM -> NB-IoT
12 UEs - 15 kHz			GSM 0.9 GHz


																																																															SNR loss
50%			0.89			0.5			0.31			0.81			0.43			0.27															UE ACLR 			20			25			30			35			40			45			50			20			25			30			35			40			45			50									SNR loss
5%			40			45			50			40			45			50															UE ACLR 			20			25			30			35			40			45			50									BS ACS			40			45			50


																																																															SNR loss
95%			1.02			0.64			0.46			0.98			0.61			0/44												Huawei			Capacity loss															73.6			34.8			12.6																											Comapny 1			SNR loss
50%																														CMCC			Outage			5			2.4			0.7			0.3			0.1			0			0						Qualcomm			SNR loss
5%			0.58			0.44			0.41


																																																															SNR loss
99%			0.99			0.6			0.44			0.91			0.53			0.4												Qualcomm			Capacity loss									89.18			73			46.02			22.07			9.53																														SNR loss
95%																														Huawei			Outage			5.8			3			1.6			1.1			0.8			0.2			0.08									SNR loss
50%			0.37			0.17			0.12


																																																																																													Company X			Capacity loss																																																			SNR loss
99%																														Qualcomm			Outage									1,31			0.67			0.46			0.4			0.4									SNR loss
95%			0.41			0.26			0.17


																																																																																																																																																			SNR loss
95%																																																															SNR loss
99%			0.38			0.23			0.16


																																																																																																																																																Company 2			SNR loss
5%																																																												Company 2			SNR loss
5%


																																																																																																																																																			SNR loss
50%																																																															SNR loss
50%


																																																																																																																																																			SNR loss
95%																																																															SNR loss
95%


																																																																																																																																																			SNR loss
99%																																																															SNR loss
99%


									Sourcing			Case 7
NB-IoT -> LTE
12 UEs - 15 kHz			LTE 0.9 GHz																					LTE 2 GHz																								Sourcing			Case 8
LTE -> NB-IoT
12 UEs - 15 kHz			LTE 0.9 GHz									LTE 2 GHz																																																																					Company X			SNR loss
5%																																																												Company X			SNR loss
5%


												UE ACLR			20			25			30			35			40			45			50			20			25			30			35			40			45			50									BS ACS			40			45			50			40			45			50																																																																		SNR loss
50%																																																															SNR loss
50%


									Ericsson			Throughput loss
5%			89.18			57.94			29.07			13.92			5.57			1.86			0.1																											Ericsson			SNR loss
5%			1.7			0.8			0.5																																																																											SNR loss
95%																																																															SNR loss
95%


												Throughput loss
 Average			25.92			15.83			8.74			4.37			2.91			1.46			1.46																														SNR loss
50%			0.8			0.5			0.3																																																																											SNR loss
99%																																																															SNR loss
99%


									Intel			Throughput loss
5%			100			77.4			43			15.2			3.2			1			0.2																														SNR loss
95%			0.6			0.3			0.2


												Throughput loss
 Average			28			17.9			10.6			5.2			2.3			1			0.5																														SNR loss
99%			0.3			0.2			0.2																																																																								Sourcing			Case 10
UMTS -> NB-IoT
48 UEs - 3.75 kHz			UMTS 0.9 GHz									UMTS 2 GHz																																																Sourcing			Case 12
GSM -> NB-IoT
48 UEs - 3.75 kHz			GSM 0.9 GHz


									ZTE			Throughput loss
5%			80.24			43.58			15.08			3.62			0.64			0.17			0.06			72.18			34.29			11.1			2.8			0.57			0.14			0.05						Intel			SNR loss
5%			2.6			1			0.7																																																																											BS ACS			40			45			50			40			45			50																																													BS ACS			40			45			50


												Throughput loss
 Average			28.97			15.55			7.42			3.18			1.25			0.46			0.17			26.7			13.91			6.45			2.69			1.03			0.37			0.14									SNR loss
50%			0.9			0.5			0.4																																																																								Huawei			SNR loss
5%			0.15			0.02			0																																																			Huawei			SNR loss
5%			5.6			2.8			0.9


									Qualcomm			Throughput loss
5%									49.9			20.89			8.45			2.89			0.88									50.63			21.7			8.42			2.88			0.93									SNR loss
95%			0.8			0.5			0.4																																																																											SNR loss
50%			0.46			0.22			0.1																																																						SNR loss
50%			2.1			1.2			0.8


												Throughput loss
 Average									22.16			12.14			6.1			2.83			1.23									22.3			12.24			6.17			2.88			1.27									SNR loss
99%			0.9			0.6			0.5																																																																											SNR loss
95%			0.7			0.45			0.2																																																						SNR loss
95%			1.8			0.9			0.5


																																																												ZTE			SNR loss
5%			0.27			0.10			0.06			0.25			0.09			0.05																																																																		SNR loss
99%			0.7			0.5			0.1																																																						SNR loss
99%			1.2			0.6			0.3


																																																															SNR loss
50%			0.41			0.20			0.12			0.38			0.18			0.11																																																															Company 2			SNR loss
5%																																																												Qualcomm			SNR loss
5%			0.35			0.23			0.21


																																																															SNR loss
95%			0.92			0.51			0.33			0.86			0.49			0.34																																																																		SNR loss
50%																																																															SNR loss
50%			0.36			0.18			0.12


																																																															SNR loss
99%			1.01			0.56			0.38			1.09			0.68			0.50																																																																		SNR loss
95%																																																															SNR loss
95%			0.38			0.24			0.15


																																																												Qualcomm			SNR loss
5%			0.73			0.29			0.16			0.81			0.34			0.22																																																																		SNR loss
99%																																																															SNR loss
99%			0.37			0.22			0.16


																																																															SNR loss
50%			0.87			0.45			0.29			0.89			0.49			0.32																																																															Company X			SNR loss
5%																																																												Company X			SNR loss
5%


																																																															SNR loss
95%			0.99			0.63			0.44			1.03			0.63			0.46																																																																		SNR loss
50%																																																															SNR loss
50%


																																																															SNR loss
99%			0.99			0.61			0.45			1			0.63			0.47																																																																		SNR loss
95%																																																															SNR loss
95%


																																																																																																																																																			SNR loss
99%																																																															SNR loss
99%


									Sourcing			Case 7
NB-IoT -> LTE
48 UEs - 3.75 kHz			LTE 0.9 GHz																					LTE 2 GHz																								Sourcing			Case 8
LTE -> NB-IoT
48 UEs - 3.75 kHz			LTE 0.9 GHz									LTE 2 GHz


												UE ACLR			20			25			30			35			40			45			50			20			25			30			35			40			45			50									BS ACS			40			45			50			40			45			50


									Ericsson			Throughput loss
5%			76.8			50.52			21.65			9.28			3.71			1.86			0.1																											Company 1			SNR loss
5%


												Throughput loss
 Average			26.11			15.86			8.87			4.43			1.48			1.48			0.1																														SNR loss
50%


									Intel			Throughput loss
5%			100			80.5			45.1			18.1			3.3			0.8			0.1																														SNR loss
95%


												Throughput loss
 Average			34.2			21.1			12.2			7.2			3.2			1.3			0.4																														SNR loss
99%


									ZTE			Throughput loss
5%			67.26			31.66			9.6			2.33			0.4			0.13			0.05			55.99			16.88			3.29			0.87			0.28			0.09			0.03						Intel			SNR loss
5%			2.6			0.9			0.6


												Throughput loss
 Average			36.6			18.95			8.4			3.32			1.21			0.43			0.16			34.91			17.84			7.67			2.87			0.99			0.33			0.12									SNR loss
50%			1			0.5			0.4


									Huawei			Throughput loss
5%			78.9			51.6			28.2			11.1			3.7			0.9			0.2			79.8			53.5			29.7			12.2			4			1			0.2									SNR loss
95%			0.8			0.4			0.4


												Throughput loss
 Average			51.2			33.8			19.6			9.9			4.5			1.8			0.7			51.7			34.3			20			10.3			4.7			1.9			0.8									SNR loss
99%			0.9			0.5			0.4


									Qualcomm			Throughput loss
5%									60.59			27.54			10.26			3.38			0.99									60.98			27.3			10.01			3.21			0.95						ZTE			SNR loss
5%			0.30			0.11			0.06			0.23			0.09			0.05


												Throughput loss
 Average									34.25			18.97			9.3			4.12			1.7									34.14			18.91			9.27			4.1			1.69									SNR loss
50%			0.45			0.22			0.13			0.38			0.18			0.11


																																																															SNR loss
95%			0.84			0.47			0.32			0.82			0.46			0.31


																																																															SNR loss
99%			0.96			0.60			0.43			0.93			0.55			0.38


																																																												Huawei			SNR loss
5%			0.1			0			0			0.1			0.1			0.05


																																																															SNR loss
50%			0.8			0.4			0.3			0.8			0.5			0.4


																																																															SNR loss
95%			1.1			0.6			0.3			1			0.6			0.4


																																																															SNR loss
99%			1			0.5			0.3			1			0.5			0.3


																																																												Qualcomm			SNR loss
5%			0.69			0.27			0.13			0.81			0.34			0.18


																																																															SNR loss
50%			0.81			0.45			0.29			0.85			0.46			0.3


																																																															SNR loss
95%			0.97			0.59			0.42			0.98			0.61			0.45


																																																															SNR loss
99%			0.88			0.52			0.36			0.91			0.55			0.38






































































































































































































































































































































































































































































































































