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1 Introduction

In TSG RAN # 66 a new work item was approved in [1]. The objective of the work item is [1]

· Specify core requirements for the support of the following Dual Band UL carrier aggregation combinations (RAN4) (release independent):
Table 1: Band combinations for DB-DC-HSUPA

	UL/DL Band A
	UL/DL Band B

	I
	VIII

	I
	V

	II
	V


Note:
· One UL carrier configured on each UL band is assumed.
· The operation implies at least two carriers configured simultaneously in downlink (paired with the UL carriers). 

· Introduce the functionality in relevant UTRAN protocols and specifications, e.g.

· L2/L3 protocols, procedures and signaling (RAN2)
· UTRAN network signalling (RAN3)
According to the plan RAN 4 needs to start the work in Q1 2015. In this document we provide the computation of the frequencies at which harmonics and intermodulation products happen for the three band combinations which have been included in the WID.

2 Introduction

LTE has been recently discussed the introduction of inter-band uplink carrier aggregation. The outcome of the study is summarized in TR 36.860, [2]. Several combinations have been studied in LTE, among which band combination B1+B5 and B1+B8. Band combination B2+B5 has not been introduced in LTE.

Most of the analysis done in the context of LTE for band B1+B5 and B1+B8 can be reused for band combinations BI-BV  and BI-BVIII for DB-DC-HSUPA. 

In particular the harmonics and intermodulation products analysis is applicable to DB-DC-HSUPA. In the following, for band combination BI-BV  and BI-BVIII we summarize the findings in [2] (note that in some cases impact on different bands wrt those mentioned in [2] has been seen). The same analysis is provided for band combination BII-BV.

In particular for two bands with frequencies fx and fy the following quantities are computed
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Also the impact on its own receive spectrum is checked.

Moreover we check whether the band combinations proposed in the WID might have an impact on bands used by positioning systems or on ISM following in the footstep of what was done  in [2]
Table 2 shows the bands used by positioning systems and the ISM bands.

Table 2: bands used by positioning systems and the ISM bands

	Victim Systems
	Frequency range [MHz]
	Regions

	COMPASS (Beidou)
	1559
	-
	1591
	 

	Galileo
	1559
	-
	1591
	 

	GLONASS
	1591
	-
	1610
	 

	GPS
	1563
	-
	1587
	 

	ISM band (2.4GHz)
	2400
	-
	2483.5
	US/Europe

	
	2400
	-
	2494
	Asia

	ISM band (5GHz)
	5150
	-
	5925
	US

	
	5150
	-
	5350
	Europe

	
	5470
	-
	5725
	

	
	5150
	-
	5825
	Asia


3  BI-BV

The harmonics and the IMD products are reported in Table 3.

Table 3: Harmonics and IMD products for band combination I-V

	Band combo
	I-V
	
	
	

	UE UL carrier
	fxlow
	fx high
	fylow
	fyhigh

	UL frequency
	824
	849
	1920
	1980

	2nd harmonic
	1648
	1698
	3840
	3960

	3rd harmonic
	2472
	2547
	5760
	5940

	2nd order IMD
	1071
	1156
	2744
	2829

	3rd order IMD (-)
	332
	222
	2991
	3136

	3rd order IMD (+)
	3568
	3678
	4664
	4809

	4th order IMD (3,1 -)
	492
	627
	4911
	5116

	4th order IMD (3,1 +)
	4392
	4527
	6584
	6789

	4th order IMD (2,2 -)
	2312
	2142
	2142
	2312

	4th order IMD (2,2 +)
	5488
	5658
	5488
	5658

	5th order IMD (3,2 -)
	1488
	1293
	4062
	4292

	5th order IMD (3,2 +)
	6312
	6507
	7408
	7638

	5th order IMD (1,4 -)
	1316
	1476
	6831
	7096

	5th order IMD (1,4 +)
	5216
	5376
	8504
	8769


Band combination I-V affects the following bands
	E-UTRA Band 41
	3nd Harmonics

	UTRA and E-UTRA Band XXII, 22, 42, 43
	IM3

	UTRA and E-UTRA band I, IV, X, 1, 4, 10, 23
	IM4

	UTRA and E-UTRA band XI, XXI, 11, 21
	IM5


It is important to note that the 4th order IMD falls into DL band I and hence it might affect its own receiver spectrum. However, when considering fiwed TX-RX distance it can be shown that none of the 4th order IMD products fall exactly into its own DL 5MHz.  However, it might happen that some of the IMD 4 falls into the first 5 or 10MHz below of above its own DL spectrum or anyway in the downlink band. It should be noted that the IMD components are in general wider than the component carrier. Hence, this might affect the rx requirements and might require some analysis.

Proposal 1: even if the IMD4 does not fall exactly into the DL spectrum, they can fall in the vicinity of it. This might affect the rx requirements and might require some analysis.
Table 4 provides the impact of band combination I-V on bands used for positioning or ISM bands.
Table 4. Impact of band combination I-V on bands used for positioning or ISM bands, (reproduced from [2]).

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS (Beidou)
	1559
	-
	1591
	No
	 
	 

	Galileo
	1559
	-
	1591
	No
	 
	 

	GLONASS
	1591
	-
	1610
	No
	 
	 

	GPS
	1563
	-
	1587
	No
	 
	 

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	H3 Band V

	
	2400
	-
	2494
	Yes
	Asia
	H3 Band V

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3 Band I (not used in US), IMD 4, IMD 5

	
	5150
	-
	5350
	No
	Europe
	 

	
	5470
	-
	5725
	Yes
	
	 IMD4, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3 Band I , IMD 4, IMD5


The effect of the harmonics and IMD falling into those bands need to be evaluated.
4 Band combination I-VIII

The harmonics and the IMD products are reported in Table 5.

Table 5: Harmonics and IMD products for band combination I-VIII

	Band combo
	I-VIII
	
	
	

	UE UL carrier
	Fxlow
	fx high
	fylow
	fyhigh

	UL frequency
	880
	915
	1920
	1980

	2nd harmonic
	1760
	1830
	3840
	3960

	3rd harmonic
	2640
	2745
	5760
	5940

	2nd order IMD
	1005
	1100
	2800
	2895

	3rd order IMD (-)
	220
	90
	2925
	3080

	3rd order IMD (+)
	3680
	3810
	4720
	4875

	4th order IMD (3,1 -)
	660
	825
	4845
	5060

	4th order IMD (3,1 +)
	4560
	4725
	6640
	6855

	4th order IMD (2,2 -)
	2200
	2010
	2010
	2200

	4th order IMD (2,2 +)
	5600
	5790
	5600
	5790

	5th order IMD (3,2 -)
	1320
	1095
	3930
	4180

	5th order IMD (3,2 +)
	6480
	6705
	7520
	7770

	5th order IMD (1,4 -)
	1540
	1740
	6765
	7040

	5th order IMD (1,4 +)
	5440
	5640
	8560
	8835


The bands which are affected are provided in table 6.
Table 6. Affected bands

	UTRA Band III, 3
	2nd Harmonics

	UTRA and E-UTRA Band VII, 7, 41
	3rd Harmonics

	E-UTRA Band 43
	IM3

	UTRA and E-UTRA Bands I, V, X, XII,XIII,XIV, XXVI, 1, 5, 10, 12, 13, 14, 17, 18, 23, 26 27, 28, 29, 34, 44
	IM4

	UTRA and E-UTRA Band III,IV,X, 3, 4, 10, 24,
	IM5


As for band combination I-V, alsdo for band combination I-VIII the  4th order IMD falls into DL band I and hence it might affect its own receiver spectrum. When considering fixed TX-RX distance it can be shown that for some carrier position within band I  the 4th order IMD products fall exactly into the UE own DL 5MHz.  In addition, for all the other cases the presence of 4th order IMD falling into DL band I might affect some receiver requirements.  
Proposal 2: In certain cases the IMD4 products fall exactly into the DL spectrum, and in other cases they can fall in the vicinity of it. This affects REFSENS requirements and in general it might affect the rx requirements. Analysis is required.

Table 7 provides the impact of band combination I-VIII on bands used for positioning or ISM bands (reproduced from [2])..

Table 7. Impact of band combination I-VIII on bands used for positioning or ISM bands, (reproduced from [2]).

	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	No
	 
	 

	Galileo
	1559
	-
	1591
	No
	 
	 

	GLONASS
	1591
	-
	1610
	No
	 
	 

	GPS
	1563
	-
	1587
	No
	 
	 

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	Yes
	US/Europe
	H3 Band V

	
	2400
	-
	2494
	Yes
	Asia
	H3 Band V

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	H3 Band I (not used in US), IMD4, IMD 5

	
	5150
	-
	5350
	No
	Europe
	 

	
	5470
	-
	5725
	YES
	
	 IMD4, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3 Band I, IMD 4, IMD5


The effect of the harmonics and IMD falling into those bands need to be evaluated.
5 Band Combination II-V

The harmonics and the IMD products are reported in Table 8.

Table 8: Harmonics and IMD products for band combination I-VIII

	Band combo
	II-V
	
	
	

	UE UL carrier
	Fxlow
	fx high
	fylow
	fyhigh

	UL frequency
	824
	849
	1850
	1910

	2nd harmonic
	1648
	1698
	3700
	3820

	3rd harmonic
	2472
	2547
	5550
	5730

	2nd order IMD
	1001
	1086
	2674
	2759

	3rd order IMD (-)
	262
	152
	2851
	2996

	3rd order IMD (+)
	3498
	3608
	4524
	4669

	4th order IMD (3,1 -)
	562
	697
	4701
	4906

	4th order IMD (3,1 +)
	4322
	4457
	6374
	6579

	4th order IMD (2,2 -)
	2172
	2002
	2002
	2172

	4th order IMD (2,2 +)
	5348
	5518
	5348
	5518

	5th order IMD (3,2 -)
	1348
	1153
	3852
	4082

	5th order IMD (3,2 +)
	6172
	6367
	7198
	7428

	5th order IMD (1,4 -)
	1386
	1546
	6551
	6816

	5th order IMD (1,4 +)
	5146
	5306
	8224
	8489


The bands which are affected are provided in table 9.

Table 9. Affected bands

	E-UTRA Band 24
	2nd Harmonics

	UTRA/E-UTRA Band VII, 7
	3rd Harmonics

	UTRA/E-UTRA Band VII, 7
	IM2

	E-UTRA Band 42, 43
	IM3

	EUTRA and E-UTRA band I, 1, 23, 24
	IM4

	UTRA and E-UTRA Band XI, XXI, 11, 21, 24, 32 (DL only)
	IM5


For this band combination no harmonics or IMD products fall into its own receive band. Hence it can be assumed that the is no need to study the effect of this band combination on reference sensitivity.

Table 10 provides the impact of band combination II-V on bands used for positioning or ISM bands. 
Proposal 3: no harmonics or IMD products fall into its own receive band. Hence it can be assumed that the is no need to study the effect of this band combination on receiver requirements.

Table 7. Impact of band combination II-V on bands used for positioning or ISM bands.
	Victim Systems
	Frequency range [MHz]
	Impact
	Regions
	Comments

	COMPASS
(Beidou)
	1559
	-
	1591
	NO
	 
	-

	Galileo
	1559
	-
	1591
	NO
	 
	-

	GLONASS
	1591
	-
	1610
	NO
	 
	-

	GPS
	1563
	-
	1587
	NO
	 
	-

	ISM band
 (2.4GHz)
	2400
	-
	2483.5
	yes
	US/Europe
	 H3

	
	2400
	-
	2494
	Yes
	Asia
	 H3

	ISM band
 (5GHz)
	5150
	-
	5925
	Yes
	US
	IMD5

	
	5150
	-
	5350
	Yes
	Europe
	 IMD4, IMD5

	
	5470
	-
	5725
	Yes
	
	H3, IMD4, IMD5

	
	5150
	-
	5825
	Yes
	Asia
	H3, IMD4, IMD5


The effect of the harmonics and IMD falling into those bands need to be evaluated.
6 Conclusions

This paper provides the analysis of the harmonics and intermodulation products for the three band combinations included in the WID. Band combination I-V and I-VIII have been studied already in [2] and the analysis has been reported here for completeness. The computations for band II-V have been also provided. In summary

· Band combination I-V:

· Proposal 1: even if the IMD4 does not fall exactly into the DL spectrum, they can fall in the vicinity of it. This might affect the rx requirements and might require some analysis.

· Band combination I-VIII:

· Proposal 2: In certain cases the IMD4 products fall exactly into the DL spectrum, and in other cases they can fall in the vicinity of it. This affects REFSENS requirements and in general it might affect the rx requirements. Analysis is required.

· Band combination II-V:

· Proposal 3: no harmonics or IMD products fall into its own receive band. Hence it can be assumed that there is no need to study the effect of this band combination on reference sensitivity.

The above band combinations do not impact GPS systems, but they can impact ISM bands. The effect of the harmonics and IMD falling into those bands need to be evaluated.
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