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1. Introduction
In this contribution specifying A-MPR for CA_1C with CA_NS_02 and CA_NS_03 additional requirements, i.e. protecting TDD bands 33, 34 and 39, is discussed. Simulation results are presented with both multicluster and contiguous allocation.
2. Discussion
2.1 General Discussion
CA configuration in CA_1C can be used in the whole band (1920 – 1980 MHz) under CA_NS_02 and CA_NS_03 constraints. With CA_NS_02 TDD band 33 at 1900-1920 MHz and TDD band 34 at 2010-2015 MHz have to be protected from the CA_1C emission. With CA_NS_03 the protected bands are 39 (1880 MHz – 1920 MHz) and 34 as in CA_NS_02. The emission requirements for rel.10 were agreed on in [1] and are captured in a table below.

Table 1: Rel.10 CA_1C emission requirements for CA_NS_02 and CA_NS_03
	Spurious emission 

	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Other

	E-UTRA band 34
	FDL_low
(2010)
	-
	FDL_high
(2025)
	-50
	1
	CA_NS_02 CA_NS_03

	Frequency range
	1900
	-
	1915
	-15.5
	5
	CA_NS_02

	Frequency range
	1915
	-
	1920
	+1.6
	5
	CA_NS_02 CA_NS_03

	Frequency range
	1880
	-
	1895
	-40
	1
	CA_NS_03

	Frequency range
	1895
	-
	1915
	-15.5
	5
	CA_NS_03


For band 34 it is assumed that duplexer will provide 15dB additional attenuation, including insertion loss. Therefore the tightest requirements are almost the same level in both lower and higher frequencies. 

It should be also noted that requirements for CA_NS_03 below band 1are equal to CA_7C CA_NS_06 requirements. Therefore we have studied whether protection of band 34 will need more A-MPR than protection of band 39 with the aforementioned requirements. If no additional A-MPR is needed to protect band 34, then CA_7C CA_NS_06 multicluster A-MPR can be directly re-used here. 

For contiguous allocation the situation is significantly more complex, because A-MPR for contiguous allocation is has been specified before using either the start or end index and the length of the allocation. Because we now have additional requirements both below and above CA_1C the CA_7C CA_NS_06 A-MPR for contiguous allocation cannot be re-used. Therefore required A-MPR has been studied with allocation in both lower and upper edge of band 1. If a single specification is wanted for the whole band, then it should fulfil both requirements simultaneously.  

With CA_NS_02 the requirements above the band 1 are significantly stricter than below it. Therefore it is assumable, that transmission at the upper edge of band 1 will define the worst case A-MPR. To be sure, simulations have also been performed with the allocation at the lower edge. 
2.2 Simulation campaign
In addition the emission requirements introduced in table 1, also general E-UTRA CA spectrum emission mask, ACLR requirements and general spurious emission mask have to be fulfilled. These requirements are gathered below.

Table 2: General E-UTRA CA spectrum emission mask
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	29.9
MHz
	30
MHz
	34.85 MHz
	39.8
MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

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

	( 5-29.9
	-13
	-13
	-13
	-13
	1 MHz

	( 29.9-30
	-25
	-13
	-13
	-13
	1 MHz

	( 30-34.85
	-25
	-25
	-13
	-13
	1 MHz

	( 34.85-34.9
	-25
	-25
	-25
	-13
	1 MHz

	( 34.9-35
	
	-25
	-25
	-13
	1 MHz

	( 35-39.8
	
	
	-25
	-13
	1 MHz

	( 39.8-39.85
	
	
	-25
	-25
	1 MHz

	( 39.85-44.8
	
	
	
	-25
	1 MHz


The following ACLR limits were used.

· UTRAACLR1 = 33dBc
· UTRAACLR2 = 36dBc
· CA E-UTRAACRL = 30dBc
Spurious emissions limit was -30dBm with 1MHz measurement bandwidth, combined with the additional requirements presented in table 1.
Simulation assumptions were as follows:

· PA operating point: with fully allocated REL-8 100RB QPSK signal UTRAACLR1 = 33 dBc with Pout = 22 dBm.
· Modulator IQ – image = 25 dB

· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

When setting the PA operating point it was checked that all ACLR limits are passing the requirements.

Simulations were performed with 100 RB + 100 RB and 75 RB + 75 RB configurations. 100 RB + 100 RB configuration was simulated with center frequencies 1940 MHz and 1960. 75 RB+75 RB configuration was simulated with center frequencies 1935 MHz and 1965 MHz. Therefore both configurations were used in both upper and lower edge of the band 1. 
2.2 Simulation results

All simulated RB allocations are shown in the following Figures. 
CA_NS_02 with multicluster allocation
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Figure 1: CA_NS_02: 100+100RB, Fc = 1960 MHz
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Figure 2: CA_NS_02: 75 + 75 RB, Fc = 1965 MHz
It can be seen that with CA_NS_02 requirements 100+100RB configuration requires significantly more A-MPR. This is because 3rd order IMD falls on top of the protected band 34. When 75+75RB configuration is used only 3rd order IMD cannot reach that far and 5th order IMD is the limiting factor.

When transmission is at the lower edge of band 1 significantly lower backoff is sufficient as seen from Figure 3. 
[image: image3.png], 100+100RB, Fc = 1940 MHz
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Figure 3: Backoff in 100 + 100RB Fc =1940 MHz
Based on the simulation results a mask for 100+100RB multicluster transmission at the upper edge of the band 1 is enough to protect both bands 33 and 34 Therefore a mask presented in Figure 4 is proposed for CA_1C CA_NS_02 with multicluster allocation.
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Figure 4: CA_NS_02: Proposed mask for multicluster allocation
It can be seen that CA_NS_01 mask for multicluster allocations is almost exactly the same as would be required here. Therefore we propose CA_NS_01 mask to be reused here. The CA_NS_01 multicluster mask has been formally defined as follows
A-MPR = CEIL {MA, 0.5}
Where MA is defined as follows 
MA = -22.5 A + 17

; 0
 ≤ A < 0.20











-11.0 A + 14.70


; 0.20  ≤ A < 0.70

   
-1.67 A + 8.17


  ; 0.70  ≤ A ≤ 1

Where A = NRB_alloc / NRB_agg.
CA_NS_03 with multicluster allocation
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Figure 5: CA_NS_03: 100+100RB, Fc = 1960 MHz
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Figure 6: CA_NS_03: 75+75RB, Fc = 1960 MHz
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Figure 7: CA_NS_03: 100+100 RB, Fc = 1940 MHz
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Figure 8: CA_NS_03: 75+75 RB, Fc = 1935 MHz

It can be seen that more A-MPR is required at the low edge of the band. There the emission requirement is similar to the one in CA_7C CA_NS_06 and simulation results are in line with the CA_NS_06 A-MPR. Therefore we propose that CA_7C CA_NS_06 A-MPR for multicluster allocation is re-used here. 
Figure 9 shows CA_7C CA_NS_06 mask plotted over CA_1C CA_NS_03 simulation results

[image: image9.png]CA_1C: CA_NS_03

NS-06 |

7C: CA

CA

RO

O OO 00 M~ O v < O «
—

(gp) yoxoeg

Allocation ratio




Figure 9: Proposed mask for CA_1C: CA_NS_03
The mask shown in Figure 5 can be formally written as follows

A-MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = -23.33A + 17.5

; 0 ≤ A < 0.15

-7.65A + 15.15



; 0.15  ≤ A ≤ 1

CA_NS_02 with contiguous allocation, 100+100 RB transmission configuration
[image: image10.png], 100+100RB, 16-QAM
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Figure 10: CA_NS_02 with contiguous allocation, 100+100RB, 16-QAM, Fc = 1960MHz
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Figure 11: CA_NS_02 with contiguous allocation, 100+100RB, QPSK, Fc = 1960MHz

At the low edge of the band there are some allocations (RB_end 100-140, RB_size near to maximum) which require more A-MPR than at the upper edge.
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Figure 12: CA_NS_02 with contiguous allocation, 100+100RB, 16-QAM, Fc = 1940MHz
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Figure 13: CA_NS_02 with contiguous allocation, 100+100RB, QPSK, Fc = 1940MHz

CA_NS_02 with contiguous allocation, 75+75 RB transmission configuration
[image: image14.png], 75+75RB, 16-QAM
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Figure 14: CA_NS_02 with contiguous allocation, 75+75RB, 16-QAM, Fc = 1965MHz
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Figure 15: CA_NS_02 with contiguous allocation, 75+75RB, QPSK, Fc = 1965MHz

[image: image16.png]CA_1C: CA_NS_02, fc = 1935 MHz, 75+75RB, 16-QAM
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Figure 16: CA_NS_02 with contiguous allocation, 75+75RB, 16-QAM, Fc = 1935MHz
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Figure 17: CA_NS_02 with contiguous allocation, 75+75RB, QPSK, Fc = 1935MHz

Based on the simulation results the A-MPR solution presented in table 3 is proposed for CA_1C CA_NS_02.
Table 3: CA_1C CA_NS_02 A-MPR table
	CA_1C: CA_NS_02
	RB_End
	L_CRB [RBs]
	A-MPR for QPSK and 16-QAM[dB]

	100 RB / 100 RB
	0 - 19
	n/a
	≤ 1 dB

	
	20 - 99
	> RB_End - 20
	≤ 3 dB

	
	100 - 184
	> 80
	≤ 6 dB

	
	185 - 199
	n/a
	≤ 10 dB

	75 RB / 75 RB
	0 - 19
	n/a
	≤ 1 dB

	
	20 - 80
	> RB_End - 20
	≤ 2 dB

	
	81 - 129
	> 60
	≤ 4 dB

	
	130 - 149
	1 - 85
	≤ 2 dB

	
	130 - 149
	> 86
	≤ 6 dB


CA_NS_03 with contiguous allocation, 100+100RB transmission configuration
[image: image18.png], 100+100RB, 16-QAM
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Figure 18: CA_NS_03 with contiguous allocation, 100+100RB, 16-QAM, Fc = 1960MHz
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Figure 19: CA_NS_03 with contiguous allocation, 100+100RB, QPSK, Fc = 1960MHz
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Figure 20: CA_NS_03 with contiguous allocation, 100+100RB, 16-QAM, Fc = 1940MHz
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Figure 21: CA_NS_03 with contiguous allocation, 100+100RB, QPSK, Fc = 1940MHz
CA_NS_03 with contiguous allocation, 75+75RB transmission configuration
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Figure 22: CA_NS_03 with contiguous allocation, 75+75RB, 16-QAM, Fc = 1965MHz
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Figure 23: CA_NS_03 with contiguous allocation, 75+75RB, QPSK, Fc = 1965MHz
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Figure 24: CA_NS_03 with contiguous allocation, 75+75RB, 16-QAM, Fc = 1935MHz
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Figure 25: CA_NS_03 with contiguous allocation, 75+75RB, QPSK, Fc = 1935MHz
Based on the simulation results the A-MPR solution presented in table 4 is proposed for CA_1C CA_NS_03.

Table 4: CA_1C CA_NS_03 A-MPR table
	CA_1C: CA_NS_03
	RB_End
	L_CRB [RBs]
	A-MPR for QPSK and 16-QAM[dB]

	100 RB / 100 RB​​
	0 - 22
	n/a
	≤ 10 dB

	
	23 - 99
	> RB_End - 20
	≤ 8 dB

	
	100 - 178
	> 70
	≤ 7 dB

	
	179 - 199
	n/a
	≤ 10 dB

	75 RB / 75 RB
	0 - 5
	> 0
	≤ 11 dB

	
	6 - 20
	> RB_End - 6
	≤ 10 dB

	
	21 - 73
	> RB_End - 13
	≤ 4 dB

	
	74 - 149
	> 60
	≤ 7 dB

	
	130 - 149
	1 - 60
	≤ 4 dB


3.  Conclusion

In this contribution we have presented simulation results for A-MPR for CA_1C with CA_NS_02 and CA_NS_03. In the simulations protection of TDD bands 33, 34 and 39 is assumed. Simulation results are presented with both multicluster and contiguous allocation.
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