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1
Introduction

In this contribution we provide a text proposal containing a coexistence analysis for the CA_7A-22A configuration and proposed UE requirements. 

The coexistence part is copied from the 36.852-12 [1], the Rel-12 version of the technical report for 2DL/1UL combinations (the work item LTE_CA_B7_B22 has been carried over to Rel-13).
The UE requirements are derived by assuming a reference architecture with an antenna triplexer just as for the combination CA_1-42. The mid-band range of this triplexer extends up to 2.7 GHz and the high-band range starts at 3.4 GHz, which cover the CA_7-22 band arrangement. The characteristics of the triplexer are summarized in [2]. Use of an antenna triplexer implies that the UE relaxations can be determined from the IL incurred by the triplexer if the duplexers can provide sufficient cross-band isolation together with the triplexer.
The shared-pain principle is used as a basis for deriving the requirements for CA_7A-22A.

2
Proposal
It is proposed to include the text proposal below into the latest version of 36.852-13.
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TEXT PROPOSAL:

<start of text proposal>
1
Scope

The present document is a technical report for Inter-band Carrier Aggregation for 2DL/1UL under Rel-13 time frame. The purpose is to gather the relevant background information and studies in order to address Inter-band Carrier Aggregation requirements.
This TR covers relevant background information and studies in order to address Inter-band Carrier Aggregation (2DL/1UL) requirements for the Rel-13 band combinations in table 1-1.
 Table 1-1: Release 13 inter-band carrier aggregation combinations (2DL/1UL)

	WI code
	WI title
	Class

	LTE_CA_B2_B28
	LTE Advanced inter-band Carrier Aggregation of Band 2 and Band 28
	A1

	LTE_CA_B3_B31
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 31
	A2

	LTE_CA_B4_B28
	LTE Advanced inter-band Carrier Aggregation of Band 4 and Band 28
	A2

	LTE_CA_B20_B31
	LTE Advanced inter-band Carrier Aggregation of Band 20 and Band 31
	A3

	LTE_CA_B25_B26
	LTE Advanced inter-band Carrier Aggregation of Band 25 and Band 26
	A1

	LTE_CA_B7_B22
	LTE Advanced inter-band Carrier Aggregation of Band 7 and Band 22
	A5


The scope of the report also covers the 2 DL fallback modes for the 3 DL Carrier Aggregation combinations with single UL configuration [2]. These 3 DL/1UL combinations (with 2 DL fallback modes) are listed in table 1-2. In addition, the report also covers the LTE TDD-FDD joint operation including Carrier Aggregation combinations [3], captured in Table 1-3.
Table 1-2: Release 13 inter-band carrier aggregation combinations (3 DL/1UL)

	WI code
	WI title

	LTE_CA_B2_B5_B29
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 2, Band 5 and Band 29

	LTE_CA_B38_B40_B40
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 38, Band 40 and Band 40

	LTE_CA_B3_B7_B28
	LTE Advanced 3 Band Carrier Aggregation (3DL) of Band 3, Band 7 and Band 28

	LTE_CA_B1_B8_B28
	LTE Advanced 3 band Carrier Aggregation (3DL/1UL) of Band 1, Band 8 and Band 28


Table 1-3: Release 13 inter-band carrier aggregation combinations (LTE TDD-FDD joint operation)

	WI code
	WI title
	Class

	LTE_CA_B1_B40
	LTE Advanced inter-band Carrier Aggregation of Band 1 and Band 40
	-

	LTE_CA_B3_B40
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 40
	A3

	LTE_CA_B21_B42
	LTE Advanced inter-band Carrier Aggregation of Band 21 and Band 42
	A5

	LTE_CA_B7_B40_B40
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 7, Band 40 and Band 40
	-

	LTE_CA_B5_B40
	LTE Advanced inter-band Carrier Aggregation of Band 5 and Band 40
	-

	LTE_CA_B20_B40
	LTE Advanced inter-band Carrier Aggregation of Band 20 and Band 40
	-

	LTE_CA_B3_B41
	LTE Advanced inter-band Carrier Aggregation of Band 3 and Band 41
	-

	LTE_CA_28A-40C
	LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 28, Band 40 and Band 40
	-


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical specifications.
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6.5

Class A5. Combination except for A1 – A4
6.5.1
LTE Advanced Carrier Aggregation of Band X and Band Y (1 UL)
6.5.1.1

List of specific combination issues

6.5.1.1.1
Channel bandwidths per operating band for CA
6.5.1.1.2
Co-existence studies for 2DL/1UL
6.5.1.1.3
ΔTIB,c and ΔRIB values

6.5.x
LTE Advanced Carrier Aggregation of Band 7 and Band 22 (1 UL)
Table 6.5.x-1: Inter-band CA operating bands
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low – FUL_high 
	
	FDL_low – FDL_high 
	
	

	CA_7-22
	7
	2 500 MHz
	–
	2 570 MHz
	5, 10, 15, 20
	2 620 MHz
	–
	2 690 MHz
	5, 10, 15, 20
	FDD

	
	22
	3 410 MHz
	–
	3 490 MHz
	5, 10, 15, 20
	3 510 MHz
	–
	3 590 MHz
	5, 10, 15, 20
	


6.5.x.1

List of specific combination issues
The CA band CA_7-22 is a combination of two FDD bands one of which has a frequency arrangement above 2.7 GHz; the combination therefore belongs to class A5. There is no harmonic relationship between the bands combined.
6.5.x.1.1
Channel bandwidths per operating band for CA
Table 6.5.x.1.1-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	E-UTRA CA Configuration
	E-UTRA Bands
	1,4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	
	

	CA_7A-22A
	7
	
	
	
	Yes
	Yes
	Yes
	40
	0

	
	22
	
	
	Yes
	Yes
	Yes
	Yes
	
	


6.5.x.1.2
Co-existence studies for 2DL/1UL
Table 6.5.x.1.2-1 gives the intermodulation products for band 7 + band 22 CA with 2 DLs. For the 3-tone IMD analysis the maximum transmission as defined in table 6.5.x.1.1-1 is considered. None of the harmonics of one band fall into the receive band of the other. 

It can be seen in the table that 2nd order IMD products may fall into BS receive band 5, 6, 8, 18, 19, 20, 26 and 27. The 3rd order IMD products may fall into BS receive bands of 2, 3, 4, 7, 9, 10, 22, 24, 25, 35, 38, 41, 42 and 43. However, when the impact of maximum bandwidth is considered, the 3rd order IMD products do not fall into the BS receive of Band 7 and 22. 
It should be noted that bands 6, 9, 18, 19, 24, 25, 35, 41 and 42 are not intended for use in the same geographical area (country) as the band combination Band 7 and Band 22. This leaves bands 2, 3, 5, 7, 8, 20, 22, 26, 38 and 43 to consider for IMD products.

It is recommended that Bands 7 and 22 BS transmitters do not share the same antenna with band 2, 3, 5, 8, 20, 26, 38 and 43 BS receivers so that the antenna PIM will not cause Band 2, 3, 5, 8, 20, 26, 38 and 43 BS receiver desensitization. 

Table 6.5.x.1.2-1: 2DLs B7 + B22 IMD products 

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2 620
	2 690
	3 510
	3 590

	2nd order harmonics frequency range (MHz)
	5 240 to 5 380
	7 020 to 7 180

	3rd order harmonics frequency range (MHz)
	7 860 to 8 070
	10 530 to 10 770

	Two-tone 2nd order IMD products
	(f2_low – f1_high(
	(f2_high – f1_low(
	(f2_low + f1_low(
	(f2_high + f1_high(

	IMD frequency range (MHz)
	820 to 970
	6 130 to 6 280

	Two-tone 3rd order IMD products
	(2*f1_low – f2_high(
	(2*f1_high – f2_low(
	(2*f2_low – f1_high(
	(2* f2_high – f1_low(

	IMD frequency range (MHz)
	1 650 to 1 870
	4 330 to 4 560

	Two-tone 3rd order IMD products
	 (2*f1_low + f2_low)
	 (2*f1_high + f2_high)
	 (2*f2_low + f1_low)
	 (2*f2_high + f1_high)

	IMD frequency range (MHz)
	8 750 to 8 970
	9 640 to 9 870

	3rd order IMD products
	(f1_low – f2_high + f2_low)
	(f1_high + f2_high – f2_low)
	(f2_low – f1_high + f1_low)
	(f2_high + f1_high – f1_low)

	
	2 540 to 2 770
	3 440 to 3 660

	Three-tone 3rd order IMD products
	(f1_low – 
max BW f2)
	(f1_high + 
max BW f2)
	(f2_low – 
max BW f1)
	(f2_high + 
max BW f1)

	IMD frequency range (MHz)
	2 600 to 2 710
	3 490 to 3 610


Table 6.5.x.1.2-2 gives the intermodulation products for band 7+ band 22 CA with 1UL. None of the harmonic products fall into the own band and any other receive bands. 

Table 6.5.x.1.2-2: 1UL B7 + B22 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	2 500
	2 570
	3 410
	3 490

	2nd order harmonics frequency range (MHz)
	5 000 to 5 140
	6 820 to 5 380

	3rd order harmonics frequency range (MHz)
	7 500 to 7 710
	10 230 to 10 470


6.5.x.1.3
ΔTIB,c and ΔRIB values
The UE reference architecture used for deriving the minimum requirements is based on front-end with an antenna triplexer with characteristics given by that used for CA_21-42 in Clause 7.2.10. Given the antenna triplexer it is assumed that standard duplexers can be used for the two constituent bands or with designs tailored for meeting the necessary cross-band isolation requirements for the particular band combination.
Provisional characteristics for the antenna triplexer are shown in Table 6.5.x.1.3-1; the entries are averaged insertion loss obtained from that provided by three vendors and displayed in Table 7.2.10.1.3-2. The vendor data is obtained under ETC and includes the effects of 1.5GHz bands. The isolation between the low-, mid- and high bands is at least 15 dB. 
Table 6.5.x.1.3-1: Antenna triplexer data at ETC
	Parameter
	Low band
	Mid band
	High band

	
	< 960
MHz
	1710-1920 MHz
	1920-2496 MHz
	2496-2690 MHz
	 > 3400

MHz

	IL (average)
	0.60 dB
	0.72 dB
	0.72 dB
	0.98 dB
	1.13 dB

	NOTE 1:    there is at least 15 dB isolation between the low-, mid- and high-bands at ETC.


For meeting standard cross-band isolation requirements, the 15 dB triplexer isolation implies that the TX duplexer must supply an attenuation of 30 dB at the RX band supporting the Scell, and the RX duplexer of the Scell an attenuation of 40 dB at the TX band (supporting the Pcell). While this may be typical performance in many cases, it does not always reflect guaranteed performance in production.
The duplexer for B22 is most likely implemented in FBAR or BAW technology given the narrow duplex gap. B22 was specified under the assumption of a split duplexer arrangement. Using FBAR technology a broadband rejection of 30 dB can be guaranteed with e.g. 60 MHz constituent filters with a 40 MHz overlap. A guaranteed rejection of 40 dB can be achieved by design but may result in increased pass-band insertion loss in the RX path. 
For a B7 duplexer a typical broadband attenuation of 40 dB in the RX path can be achieved in certain ranges; traces at room temperature are shown in Figure 6.5.x.1.3-1 for TX- and RX-filters in SAW technology. Nevertheless, room for additional insertion loss should be given for the duplexers for achieving a guaranteed rejection of 40 dB at B22 frequencies in view of the compatibility requirements for B38 and ISM coexistence.
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Figure 6.5.x.1.3-1: example broadband response for a B7 TX-filter (left) and B7 RX-filter (right).
The ΔTIB,c and ΔRIB,c are essentially determined by the antenna triplexer performance assuming that the cross-band requirements are met. Using the shared-pain principle, the results in Table 6.5.x.1.3-1 would suggest TX and RX relaxtions in the range 0.5-0.6 dB for both B7 and B22. Now, in order to give headroom in the B7 and B22 duplex filter designs for achieving the required cross-band attenuation, the values of ΔTIB,c and ΔRIB,c thus derived are increased for both B7 and B22 to obtain the round numbers displayed in Table 6.5.x.1.3-2 and Table 6.5.x.1.3-3. Nevertheless, these relaxations do not fully compensate for the increased insertion loss incurred by the antenna triplexer.
For the UE that supports CA_7A-22A the ΔTIB,c is defined for applicable bands in table 6.5.x.1.3-2.
Table 6.5.x.1.3-2: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_7A-22A
	7
	0.8

	
	22
	0.8


For the UE that supports CA_7A-22A the ΔRIB,c is defined for applicable bands in table 6.5.x.1.3-3.
Table 6.5.x.1.3-3: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_7A-22A
	7
	0.8

	
	22
	0.8
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