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Discussion: 

DCM: For DL, +1 in (2MDL+1) while For UL, no +1 in (2MUL). Where does this difference come from?
Huawei: In DL, there is DC carrier while UL is not.

Session chairman: Expression about LS to RAN2 needs to be modified since creating efficient signalling specification is the exactly ran2 responsibility. It seems that they usually do not generate efficient signalling requirements.
Huawei: We revise the content taking the comment into account.
Decision: 

The document was agreed.
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Discussion: 

Slide 3;
DCM: “Position + power boosting declaration” should be replaced with “position + power boosting declaration to satify the current LTE UEM”. Also if option 1 is selected, we don’t have to change the definiteoin of smaller channel bandwidth less than or equal to 5 MHz. Even if we go for option 2, we don’t have to chage channel bandwidth.

Ericsson: We can separately handle Channel bandwidths larger than or equal to 10 MHz and smaller channel bandwidth less than or equal to 5 MHz.

Nokia: ACLR is also involved in this discussion so that guard band case, smaller than or equal to 5 MHz should be FFS.

Ericsson: We are fine to avoid repeting this topic by postponing this decision. 

DCM: For Nokia’s comment, it was already agreed that we reuse the existing LTE requirements in the last meeting. R4-161289.

Slide 4; 

Nokia: This 200 kHz for SEM and occupied bandwidth is for standalone? This should be clarified. In addition, for in band operation mode, we should reuse the current LTE channel bandwidth and it was agreed.
Huawei: We would like to change UEM into Unwanted emission requirement.

Nokia: We disagree with it since we have another slide for ACLR which is a part of Unwanted emission requirement.

DCM: It is better to use OBUE to accommodate every relevant specs. We don’t need to change the definition of smaller channel bandwidth less than or equal to 5 MHz channel bandwidth.
Nokia: Occupied bandwidth is also emission requirement.

Slide 5;
Huawei: Operation modes should be clarified. 
TeliaSonera: Now proposed values are ok.
Decision: 

Slide 5 was agreeable with clarification of applicable operation mode.

Slide 3 and 4 need further modifications according the received comments.

R4-162818
DRAFT R4-162818 TP on BS transmit intermodulation for NB-IoT





36.802
  CR-  rev  () v0.1.0





Source: Huawei


[image: image3.emf]DRAFT  R4-162818  TP on BS transmit intermodulation for NB-IoT.zip


Discussion: 

DCM: This is not following the existing LTE spec. We need to understand the justification.
Huawei: Previous paper includes more information. The changes are focusing on more NB-IoT. We can update this document.
Session chairman requests Huawei and DCM have an offline discussion to make this requirement stable during this week.
Status: 

   Only DCM requests more clarification on justification.
Decision: 

The document was “not agreed”
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Discussion: 

Slide 3;
Nokia: What is the wanted single conditions? We should clarify if we reuse implementation margin for REEFESNS or for dynamic range.

Huawei: For the 1st comment, how to derive SNR is open issue. It is 2 dB.

Ericsson: To derive SNR, we need to define FRC parameters. We still do not agree with IM of 2 dB.

Huawei: Only agreemet is 20 dB. 

Nokia: Why 2 dB is proposed by Huawei? 2.5dB has been used for dynamic range.
Ericsson: We still do not agree with that value of IM.

DCM: 2 dB is assumed as IM for E-UTRA discussion.

Huawei: This was agreed in WF in the last RAN4 meeting. Agreeable parameter is 20 dB dynamic range.
Slide 4;
DCM: There could be high PSD E-UTRA signal across the channel bandwidth of E-UTRA so that we need to redefine in-channel selectivity for all three operation modes.
Slide 5;
Nokia: Offset of 100 kH is not alined with ACLR. Our understanding is 200 kHz.
Huawei: Edge to edge is 100 kHz. Expression is different. We agree with 200 kHz.
Nokia: We are not sure how to interpret handling of two different interfering signals between 36.104 and 37.104.
Slide 6;
Nokia: The number for ACS needs to be replaced with the number for In-band blocking in the Table.
Huawei: The comment is valid.

Slide 7 and 8;
No comments.
Status: 

Slide 3: 20 dB of dynamic range is agreeable.


Slide 4: DCM expressed concern on less technical justification. 


Slide 5: Definition of offset needs to be refined. Clarification is necessary for two different interfering.

Slide 6: The number of ACLR and In-band blocking need to be correct. Then, the slide is agreeable.


Slide 7 & 8: Agreeable
Coexistence
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Discussion: 

Intel: Is the WF trying to close the issue this meeting?
Huawei: We have collected all the data from each company so that we can close the issue this meeting.

Intel: We compared ours to other companys’ results, there are still large difference between us due to interference modelling and simulation platform, from SNR curve for LTE single system. Intel’s result is different from others’ largely. So we are not sure if we close the discussion on this or not. Should we average interference model or not?

By comparing intereference modelling and SNR curve for single system among companies, we need to idenfity potential errors in platform.

Nokia: It might be possible to calibrate interference modelling but difficult to do the same to simulator. We don’t have much time.

Intel: I agree with Nokia. But we would like to encourage companies to check their own simulator.

ZTE: Even if we revisit the parameters and simulator, we would get similar results.
Intel: We have different views.

Huawei: Only intel’s result is largely different from others.

Intel: We don’t think intel’s result has the largest diffirence compared to others’. We still think interference modelling matters.

Huawei: Calibrating simulator takes a lot of effors. How to calibrate each compnay’s platform?. Do we need to revisit standalone case as well?

Intel: We don’t have to revist standalone. 
Status: 
Companies are ok with the observation in the last slide. However, Intel still would like all companies to check the interference modelling and simulator implementaion.
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Way forward on BS TX requirements for NB-IoT
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Background


			Following BS Tx requirements have been agreed in previous meetings:


			BS output power


			Ouput power dynamics


			Power boosting


			Transmitted signal quality:


			Frequency error


			EVM


			Time alignment


			UEM


			Operating band unwanted emissions


			Following slides captures RAN#78b agreements




















UEM requirement for Guard band and LTE BW <= 5 MHz


			Current requirements only valid for 10, 15 and 20 MHz


			Further discussion to address 1.4, 3 and 5 MHz is FFS (next AH), 2 options:


			NB-IoT position + power boosting declaration


			Not specified in Rel. 13














 Bandwidth


			UEM: Occupied bandwidth


			200 kHz





			Channel bandwidth


			For LTE BW 10, 15 and 20 MHz:


			For NB-IoT operating in LTE guard band:


			NB-IoT channel bandwidth is equal to LTE channel bandwidth














 UEM: ACLR


			2 steps ACLR specified from offset (200 kHz from NB-IoT carrier)








Agreement:


     ACLR1: 40 dB


			      ACLR2: 50 dB
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R4-162820











Background


			BS RX requirements such as dynamic range, in-channel selectivity, ACS/blocking, RX spurious emission were discussed in [1]~[5]. 




















 Way forward on Dynamic range


			For standalone operation














			For in-band/guard band operation 


			LTE requirement of 20dB can be re-used.


			Existing AWGN interfering signal in LTE requirement needs to be extended from current Transmission bandwidth configuration (BWConfig) to channel bandwidth (BWChannel) to cover the guard band operation.











 depend on the SINR value

















 Way forward on In-channel selectivity





			For standalone operation


			In-channel selectivity requirement can be not specified .  (NTT DOCOMO need to check)


			For in-band band operation 


			FFS


			For guard band operation 


			In-channel selectivity requirement can be not specified.  (NTT DOCOMO need to check)

















 Way forward on ACS/Blocking


			For standalone operation









































			The need of Narrow-band blocking  is FFS




















			Wanted signal			Interfering signal			ACS/Interfering signal level			frequency offset between RF bandwidth edge and interfering signal center frequency			Wanted signal desensitivity			Note


			Standalone NB-IoT			NB-IoT			45 dB			100kHz			FFS dB			ACS


			5M LTE or 1.4 M LTE			-43 dBm in 36.104
			+/-7.5MHz
Or +/- 2.1 MHz
But those are depending on the fact we are doing NB blocking or not			FFS dB			In-band blocking


			5M  UTRA			-40 dBm in 37.104			+/- 7.5 MHz



















































 Way forward on ACS/Blocking








			For in-band/guard band operation





			Wanted signal			Interfering signal			Interfering signal level			frequency offset between LTE channel edge and interfering signal centre frequency			NB-IoT desensitivity			Note


			LTE and in-band or guard band NB-IoT			5M LTE			-43 dBm			2.5M			FFS dB			ACS


			5M LTE			-52 dBm			7.5M			FFS dB			In-band blocking


			RB of LTE			-49 dBm			Dependent on CBW			FFS dB			Narrow band blocking


















































 Way forward on out of band blocking


			Interferer for out of band blocking


			Position			Out of NB-IoT band


			Type			CW


			Power			-15 dBm






































 Way forward on RX SE


			For standalone operation


			Existing RX spurious emission requirement comes from the regulation, so it can be reused for NB-IoT in both 36.104 and 37.104.








			For in-band/guard band operation 


			Existing RX spurious emission requirement comes from the regulation, so it can be reused for NB-IoT.














Reference


[1] R4-162307, TP on BS RX requirements for NB-IoT, Huawei


[2] R4-162102,BS RF ACS and NB blocking requirements, Ericsson


[3] R4-16 2221, ACLR and ACS for standalone NB-IoT, CMCC


[4] R4-162103, BS RF Blocking requirement , Ericsson


[5] R4-162100, BS RF Dynamic Range and ICS requirements , Ericsson
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Way forward on coexistence simulations results for in-band and guard band


Huawei, [Ericsson, Intel, Nokia Networks, ZTE…]
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Background


The power leakage modeling data with same granularity from different companies are not totally same (e.g. with/without filtering).


The simulation results from different companies are based on their own power leakage model.


Companies provide their power leakage model and simulation results into R4-162805 for comparison.








Coexistence results


For NB-IoT aggressor,


Adjacent LTE PRB level (both for in-band and guard band)


Average throughput loss in range of percentage, 


1st PRB ~[2.1%, 17%], 2nd PRB ~[0.3%, 3.3%], 3rd PRB ~[0%, 1.6%], other PRB ~[0%, 0.2%]


5%-ile throughput loss in range of percentage,


1st PRB ~[0.6%, 47%], 2nd PRB ~[0, 4.5%], 3rd PRB ~[0%, 1.1%], other PRB ~[0%, 0.1%]


Average SNR loss in range of dB


1st PRB ~[0.15, 1.61], 2nd PRB ~[0.01, 0.2], 3rd PRB ~[0, 0.1], other PRB ~[0, 0.03]


5%-ile SNR loss in range of dB


1st PRB ~[0.03, 3.1], 2nd PRB ~[0, 0.2], 3rd PRB ~[0, 0.1], other PRB ~[0, 0.02]











Coexistence results (cont.)


For NB-IoT victim,


In-band 


5%-ile SNR loss in range of dB ~[0.15, 5.6]


50%-ile SNR loss in range of dB ~[0.3, 1.5]


95%-ile SNR loss in range of dB ~[0.72, 1.9]


99%-ile SNR loss in range of dB ~[0.7, 2.1]


Guard band 


5%-ile SNR loss in range of dB ~[0.12, 2.9]


50%-ile SNR loss in range of dB ~[0.2, 0.9]


95%-ile SNR loss in range of dB ~[0.4, 2.1]


99%-ile SNR loss in range of dB ~[0.4, 2.2]











Way forward


Power leakage model is somehow dependent on implementation (e.g. filtering), sinc-shaped pulse filter could be regarded as the worst case.  Comment: Not sure this difference could really explain all results’ differences: we all have  similar power leakage, but still, simulations results are not converging.


NB-IoT can coexist with LTE in-band and guard band with the observations as follows,


NB-IoT perform some interference on 1st adjacent LTE PRB, while the interference on other PRBs is insignificant or acceptable.


Some impact on NB-IoT at high SNR


Guard band operation perform slightly better coexistence compared to in-band operation.


Companies are encouraged to revisit simulation platform and do the average for interference modeling. All of the companies use this models.











References


R4-162805, “Summary of coexistence simulation results for in-band and guard band”, Huawei, Ericsson, Intel, Nokia Networks, ZTE.


R4-162311, “UL coexistence simulation results for in-band operation”, Huawei


R4-162312, “UL coexistence simulation results for guard band operation”, Huawei


R4-162097, “Coexistence evaluation for in band and guard band”, Ericsson


R4-161811, “Simulation results of coexistence studies between NB-IoT and LTE, in-band case”, Intel


R4-161812, “Simulation results of coexistence studies between NB-IoT and LTE, guard-band case”, Intel


R4-162643, “Further discussion on power leakage model for NB-IOT in-band/guard band”, Nokia Networks


R4-162804, “Simulation results of co-existence study of NB-IOT in-band/guard band operations”, Nokia Networks


R4-161941, “Summary of power leakage level between LTE and NB-IoT”, ZTE


R4-161942, “Updated simulation results for in-band scenario”, ZTE


R4-161943, “Updated simulation results for guard band scenario”, ZTE
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1 Introduction


This contribution discusses how to define BS transmitter intermodulation requirement for NB-IoT and provides text proposal to the updated TR [1].


2 Discussion


The transmitter intermodulation requirement is a measure of the capability of the transmitter to inhibit the generation of signals in its non linear elements caused by presence of the own transmit signal and an interfering signal reaching the transmitter via the antenna. 



For NB-IoT in and guard band operation, existing LTE transmitter intermodulation requirement should be reused as in Table 1.


For NB-IoT standalone operation, BC2 intermodulation requirement in MSR should be reused as in Table 2.


Table 1 Transmitter intermodulation requirement for NB-IoT in and guard band operation


			Parameter


			Value





			Wanted signal


			E-UTRA single carrier with NB-IoT in and guard band





			Interfering signal type


			E-UTRA signal of channel bandwidth 5 MHz





			Interfering signal level


			Rated total output power in the operating band – 30 dB





			Interfering signal centre frequency offset from the lower/upper edge of the wanted signal or edge of sub-block inside a sub-block gap


			± 2.5 MHz



± 7.5 MHz



± 12.5 MHz





			NOTE1:

Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 provides further guidance regarding appropriate test requirements.



NOTE2:
In certain regions, NOTE1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 32 operating within 1475.9-1495.9MHz, 34.








Table 2 Transmitter intermodulation requirement for NB-IoT standalone operation


			Parameter


			Value





			Interfering signal type


			CW





			Interfering signal level


			Rated total output power in the operating band – 30dB





			Interfering signal centre frequency offset from the Base Station RF Bandwidth edgeor sub-block edge inside a gap


			> abs(800) kHz for CW interferer





			NOTE:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement.








In MSR specification, additional minimum requirement for BC2 specified in clause 6.7.2 is also applied in BC1 band if NB-IoT standalone operation is present in the BC1 band. This should be clarified in TS 37.104.


References


[1] TR 36.802 v0.2.0


Text proposal for TR 36.802 v0.2.0



7.1.7 Transmitter intermodulation


For NB-IoT in and guard band operation, existing LTE transmitter intermodulation requirement should be reused as in Table 7.1.7-1.



For NB-IoT standalone operation, BC2 intermodulation requirement in MSR should be reused as in Table 7.1.7-2.



Table 7.1.7-1 Transmitter intermodulation requirement for NB-IoT in and guard band operation


			Parameter


			Value





			Wanted signal


			E-UTRA single carrier with NB-IoT in and guard band





			Interfering signal type


			E-UTRA signal of channel bandwidth 5 MHz





			Interfering signal level


			Rated total output power in the operating band – 30 dB





			Interfering signal centre frequency offset from the lower/upper edge of the wanted signal or edge of sub-block inside a sub-block gap


			± 2.5 MHz



± 7.5 MHz



± 12.5 MHz





			NOTE1:

Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 36.141 provides further guidance regarding appropriate test requirements.



NOTE2:
In certain regions, NOTE1 is not applied in Band 1, 3, 8, 9, 11, 18, 19, 21, 28, 32 operating within 1475.9-1495.9MHz, 34.








Table 7.1.7-1 Transmitter intermodulation requirement for NB-IoT standalone operation


			Parameter


			Value





			Interfering signal type


			CW





			Interfering signal level


			Rated total output power in the operating band – 30dB





			Interfering signal centre frequency offset from the Base Station RF Bandwidth edgeor sub-block edge inside a gap


			> abs(800) kHz for CW interferer





			NOTE:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement.








In MSR specification, additional minimum requirement for BC2 specified in clause 6.7.2 is also applied in BC1 band if NB-IoT standalone operation is present in the BC1 band. This should be clarified in TS 37.104.
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Background


Carrier frequency and RF channel numbering are discussed for NB-IoT. [1][2]


RAN1 informed the restricted carrier transmitting NPSS/NSSS for in-band and guard band operations for the downlink, as well as the possible flexible carrier frequency for the uplink. [3]


Multi-carrier NB-IoT is introduced in RAN1.[4]





[1] R4-162302, “On RF channels for NB-IoT”, Huawei


[2] R4-162244, “Carrier frequency and EARFCN for NB-IoT”, Ericsson


[3] R4-161311, “Reply LS on channel raster for NB-IoT”, RAN WG1


[4] R4-162700, “LS on NB-IoT”, RAN WG1








Proposals


Carrier frequency and RF channel number need to be defined for NB-IoT.


Carrier frequency FDL_loT for the downlink is defined as,


FDL_loT = FDL_low + 0.1(NDL – NOffs-DL) + 0.0025*(2MDL+1), where


FDL_low , NDL and NOffs-DL reuse the Table 5.7.3-1 of both TS36.104 and TS36.101.


NDL is the EARFCN that corresponds to NB-IoT and is different than the value that corresponds to LTE downlink carrier frequency.


MDL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,-0.5,0,1,2,3,4,5,6,7,8,9 represent all of the possible offset of NB-IoT channel number to EARFCN


Carrier frequency FUL_loT for the uplink is defined as,


FUL_loT = FUL_low + 0.1(NUL – NOffs-UL) + 0.0025*(2MUL), where


FUL_low , NUL and NOffs-UL reuse the Table 5.7.3-1 of both TS36.104 and TS36.101


NUL is the EARFCN that corresponds to NB-IoT and is different than the value that corresponds to LTE uplink carrier frequency.


MUL= -10,-9,-8,-7,-6,-5,-4,-3,-2,-1,0,1,2,3,4,5,6,7,8,9 represents all of the possible offset of NB-IoT channel number to EARFCN


Send LS to RAN2 to inform the definition for NB-IoT for signaling design.


RAN4 ask RAN2 to consider the above carrier frequency and RF channel number definition for NB-IoT to come up with efficient signalling design.











‘Way forward on EARFCN
for NB-IoT








