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1. Introduction
A MPR scheme for multi cluster transmission on intra band contiguous CA was approved in RAN4 meeting #59. This contribution extends that scheme for multi cluster transmission in single component carrier.
2. Discussion
2.1 Simulation campaign
The allocation ratio is used to determine the MPR for carrier aggregation multi cluster transmission. The same method is used here define MPR for multi cluster transmission in single component carrier.
During the simulation campaign a large set of randomly created allocation scenarios were simulated and appropriate back off value was searched.  Studies were performed for the general case NS_01 and also for the other NS_0X cases when there are additional requirements.
Table 1 shows which bandwidths were used with each NS situation.
Table 1: Bandwidths used in simulations
	NS
	NS-01
	NS-03
	NS-04
	NS-05
	NS-06
	NS-07
	NS-08
	NS-09

	Bandwidths
	All BWs
	All BWs
	All BWs
	All BWs
	1.4MHz, 3MHz,

5MHz,

 10MHz
	10MHz
	5MHz, 10MHz,

15MHz
	5MHz, 10MHz,

15MHz


These simulation scenarios were used with both 16-QAM and QPSK modulations. There was no significant difference when two or three clusters were used, so the results are combined in same figures. Simulations were carried out using a single power amplifier model, the total number of simulation scenarios were in the order of one million.
Simulation assumptions were as follows:

· PA operating point: UTRAACLR1 = 33 dBc with Pout = 22 dBm

· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

PA operating point was set for each bandwidth so that with fully allocated carrier the reported UTRA ACLR1 level was 33 dB when 1 dB of MPR was applied.
In addition to normal SEM, ACRL and spurious emission requirements NS-05, NS-07, NS-08 and NS-09 have additional spectral requirements in specified frequencies. With these cases simulations were performed from the worst case viewpoint, so that signal is always as near to the additional requirement frequency band as possible.
2.2 NS-01
During simulations backoff was added so that finally all SEM, ACLR, and spurious emissions requirements were fulfilled. Table 2 shows the general E-UTRA SEM mask requirements. 
Table 2: General E-UTRA spectrum emission mask 

	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


	UTRA-ACLR1
	33 dBc

	UTRA-ACLR2
	36 dBc

	E-UTRA-ACLR
	30 dBc


ACLR limits are the same for all simulations and were defined as shown in table 4.
Table 3: ACLR requirements

With NS-01 spurious emissions limits are differ according to the used frequency band. The limits are shown in table 4.

Table 4: Spurious Emissions Limits
	Frequency Range
	Maximum Level
	Measurement Bandwidth

	30MHz – 1000 MHz
	-36dBm
	100kHz

	1GHz – 12.75GHz
	-30dBm
	1MHz


Simulations were carried out using both limits. However, the results differed very little from each other and therefore it is proposed to have same mask when below or above 1GHz.
In figure 1 are the result data points from the NS-01 simulations and the proposed MPR mask. 
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Figure 1: Proposed NS-01 mask vs. allocation ratio
The mask shown in figure 1 can be formally written as follows:

MPR = 7





; 0       ≤ A < 0.05


-12A + 7.60


; 0.05
≤ A < 0.30



-2.00A + 4.60


; 0.30  ≤ A ≤ 1,
where A stands for allocation ratio.

2.3 NS-03
NS-03 SEM mask is tighter than NS-01 SEM mask, as shown in table 5.
Table 5: NS-03 SEM
	
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20
	-21 
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.8-5
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	-13
	-13
	1 MHz

	( 15-20
	
	
	
	
	-25
	-13
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


However, when multi cluster transmission is utilized, spurious emissions and ACLR limits are more dominant because third order harmonics hit those frequencies, especially when using larger bandwidths. Therefore there is practically no difference between NS-01 and NS-03 results and same mask can be used in both situations.
Spurious emissions limit used was -30dBm with 1MHz measurement bandwidth. 
In figure 2 are the result data points from the NS-03 simulations and the proposed MPR mask. 
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Figure 2: Proposed NS-03 mask vs. allocation ratio

Formal mask definition is exactly the same for NS-01 and NS-03, because the same mask is proposed for both situations.

2.4 NS-04
The NS-04 SEM mask is significantly stricter than NS-01 as shown in table 6.

Table 6: NS-04 SEM 
	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18 
	-20 
	-21
	30 kHz 

	( 1-2.5
	-13
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 2.8-5.5
	
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 5.5-6
	
	-25
	-25
	-25
	-25
	-25
	1 MHz

	( 6-10
	
	
	-25
	-25
	-25
	-25
	1 MHz

	( 10-15
	
	
	
	-25
	-25
	-25
	1 MHz

	( 15-20
	
	
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	
	
	-25
	1 MHz


Spurious emissions limit used was -30dBm with 1MHz measurement bandwidth. 

In figure 3 are the result data points from the NS-04 simulations and the proposed MPR mask. 
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Figure 3: Proposed NS-04 mask vs. allocation ratio

The mask shown in figure 3 can be formally written as follows:

MPR = -11A + 10.30

; 0       ≤ A < 0.20



-31A + 14.30


; 0.20
≤ A < 0.30



-1.43A + 5.42 

; 0.30  ≤ A ≤ 1,

where A stands for allocation ratio.

In figure 4 proposed mask NS-04 mask is shown together with proposed NS-01 mask. 
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Figure 4: NS-04 mask and NS-01 mask
2.5 NS-05

NS-05 uses the general E-UTRA Spectrum emission mask, but there is an additional requirement, as shown in table 7.
Table 7: Additional requirements
	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	1884.5 f 1919.6*1
	-41
	-41
	-41
	-41
	300 KHz

	1884.5 f 1915.7*2
	-41
	-41
	-41
	-41
	300 KHz

	Note

1. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1919.6 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.

2. Applicable when the lower edge of the assigned E-UTRA UL channel bandwidth frequency is larger than or equal to the upper edge of PHS band (1915.7 MHz) + 4 MHz + the Channel BW assigned, where Channel BW is as defined in Subclause 5.6. Operations below this point are for further study.


Otherwise the used spurious emissions limit was -30dBm with 1MHz measurement bandwidth. 
In figure 5 are the result data points from the NS-05 simulations and the proposed MPR mask. 
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Figure 5: Proposed NS-05 mask vs. allocation ratio

The mask shown in figure 5 can be formally written as follows:

MPR = -11.20A + 9.80


; 0       ≤ A < 0.25



-5.45A + 8.36



; 0.25
≤ A < 0.47



-8.93A + 10.00


; 0.47   ≤ A < 0.75



-3.20A + 5.70 


; 0.75  ≤ A ≤ 1,

where A stands for allocation ratio.

In figure 6 proposed NS-05 mask is shown together with proposed NS-01 mask.
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Figure 6: NS-05 mask with NS-01 mask
2.6 NS-06

NS-06 spectrum emissions mask is shown in table 8.

Table 8: NS-06 SEM 

	
	Spectrum emission limit (dBm)/ Channel bandwidth  

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	Measurement bandwidth

	( 0-0.1
	-13
	-13
	-15 
	-18 
	30 kHz 

	( 0.1-1
	-13
	-13
	-13
	-13
	100 kHz

	( 1-2.5
	-13
	-13
	-13
	-13
	1 MHz

	( 2.5-2.8
	-25
	-13
	-13
	-13
	1 MHz

	( 2.8-5
	
	-13
	-13
	-13
	1 MHz

	( 5-6
	
	-25
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	1 MHz

	( 10-15
	
	
	
	-25
	1 MHz


Compared to NS-01 the mask is stricter when near of the bandwidth edge. However, the mask is not defined for 15MHz and 20MHz channel bandwidths. Therefore the effect of the harmonics is not as strong and less backoff is needed. 
Spurious emissions limit used was -36dBm with 100kHz measurement bandwidth. 

In figure 7 are the result data points from the NS-06 simulations and the proposed MPR mask. 
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Figure 7: Proposed NS-06 mask vs. allocation ratio
The mask shown in figure 7 can be formally written as follows:

MPR = 6.5                                                                            ; 0            ≤ A < 0.05

-16.67A + 7.33                                                       ; 0.05     ≤ A < 0.20

-1.33A + 4.27                                                          ; 0.20     ≤ A < 0.65

-3.14A + 5.44                                                          ; 0.65      ≤ A ≤ 1,

where A stands for allocation ratio.
In figure 8 proposed NS-06 mask is shown together with proposed NS-01 mask.
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Figure 8: NS-06 mask with NS-01 mask

2.7 NS-07
NS-07 uses the same SEM as NS-06 but there is an additional spurious emissions requirement, shown in table 9.

Table 9: Additional requirements 

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10 MHz


	

	769 ≤ f ≤ 775
	-57
	6.25 kHz


Otherwise the used spurious emissions limit was -36dBm with 100kHz measurement bandwidth. 

In figure 9 are the result data points from the NS-07 simulations and the proposed MPR mask. [image: image9.png]backoff (dB)
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Figure 9: Proposed NS-07 mask vs. allocation ratio

The mask shown in figure 9 can be formally written as follows:

MPR = -11.82A + 17.30


; 0       ≤ A < 0.22



-3.95A + 15.57


; 0.22
≤ A < 0.65



13 






; 0.65  ≤ A ≤ 1,

where A stands for allocation ratio.

In figure 10 proposed NS-07 mask is shown together with proposed NS-01 mask.
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Figure 10: NS-07 mask with NS-01 mask
2.8 NS-08
NS-08 uses the general spectrum emissions mask but there is an additional spurious emissions requirement, shown in table 10.

Table 10: Additional requirement

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	5MHz
	10MHz
	15MHz
	

	860 ≤ f ≤ 895
	-40
	-40
	-40
	1 MHz


Otherwise the used spurious emissions limit was -36dBm with 100kHz measurement bandwidth. 

In figure 11 are the result data points from the NS-08 simulations and the proposed MPR mask. 
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Figure 11: Proposed NS-08 mask vs. allocation ratio
The mask shown in figure 11 can be formally written as follows:

MPR = -7.50A + 10.30


; 0       ≤ A < 0.20



-3.50A + 9.50



; 0.20  ≤ A ≤ 1,

where A stands for allocation ratio.

In figure 12 NS-08 mask is shown together with NS-01 mask.
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Figure 12: NS-08 mask with NS-01 mask
2.9 NS-09

NS-09 uses the general spectrum emissions mask, but there is an additional spurious emissions requirement, shown in table 11. 

Table 11:Additional requirement

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth

	
	5MHz
	10MHz
	15MHz
	

	1475.9 ≤ f ≤ 1510.9
	-35
	-35
	-35
	1 MHz


Otherwise the used spurious emissions limit was -36dBm with 100kHz measurement bandwidth.

In figure 13 are the result data points from the NS-09 simulations and the proposed MPR mask.
[image: image13.png]backoff (dB)

10

0.1

0.2

All datapoints from NS-09 with proposed mask

03 04 05 06 07
Allocation ratio

0.8

0.9



 Figure 13: Proposed NS-09 mask vs. allocation ratio

The mask shown in figure 13 can be formally written as follows:

MPR = 8.5





; 0       ≤ A < 0.05



-8.00A + 8.90



; 0.05
≤ A < 0.20



-3.25A + 7.95 


; 0.20  ≤ A ≤ 1,

where A stands for allocation ratio.

In figure 14 NS-09 mask is shown together with NS-01 mask.
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Figure 14: NS-09 mask with NS-01 mask
2.10 Comparison of all masks
In figure 15 all the proposed masks are shown together.
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Figure 15: All proposed masks together

2.11 How to write the specification
For normal LTE single cluster transmission we have the baseline MPR which is used in when no additional restrictions are needed on top of SEM, ACLR and general spurious emission limit. When there are additional restriction to be fulfilled then network signalling value is sent on SIB and UE can use A-MPR to be able to comply with these additional restriction. MPR and A-MPR are scalars and A-MPR is applied on top of MPR. Now we are proposing that the baseline NS_01 is a mask and also NS_0X A-MPR definitions are masks. If we follow the way that MPR and A-MPR are defined for single cluster transmission we would need to define an difference mask which is applied on top of NS_01 mask to get NS_0X mask. This would be quite awkward way of defining the NS_0X A-MPR so we are proposing following. MPR for general case NS_01 is a mask based on allocation ratio similarly like for CA. Then A-MPR definitions for NS_0X cases are also allocation ratio masks of their own right hence there is no baseline MPR where the A-MPR mask in added on top. This way the A-MPR masks are more informative and simple and can be easily compared against each other and CA masks.
3. Conclusion

In this contribution we have provided our initial simulation results for required MPR and A-MPR for multi cluster transmission on a single carrier. These results are done using single PA model and further work will be done with another PA model and those results will be provided on next RAN4 meeting.
A discussion in RAN4 should occur whether there is a need to define multi-cluster A-MPR for all the NS_0X cases because the needed back off for some of the NS_0X cases is rather high.
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