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1
Introduction
This contribution contains a text proposal with requirements for (TIB,c and (RIB for the Rel-11 specification of the Band 4 + Band 7 combination.

In the absence of filter data for the Band 4 + Band 7 combination, we use data for Band 3 + Band 7 and Band 1 + Band 7 as proxy: the Band 4 TX is a subset of the Band 3 TX and the Band 4 RX is a subset of the Band 1 RX. Furthermore the frequency separation between the Band 4 RX and the Band 7 TX is slightly larger than the separation the Band 1 RX and the Band 7 TX, which is crucial for a diplexer implementation. The band arrangements are shown in Table 1.
Table 1: Band arrangement for bands 1, 3, 4 and 7 
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	1
	1920 MHz 
	–
	1980 MHz 
	2110 MHz  
	–
	2170 MHz
	FDD

	3
	1710 MHz 
	–
	1785 MHz
	1805 MHz 
	–
	1880 MHz
	FDD

	4
	1710 MHz
	–
	1755 MHz 
	2110 MHz 
	–
	2155 MHz
	FDD

	7
	2500 MHz
	–
	2570 MHz
	2620 MHz 
	–
	2690 MHz
	FDD


We propose the use of CA_1-7 and CA_3-7 data as approximations in order to specify CA_4-7 in the Rel-11 timeframe. The specification of CA_4-7 can then be updated as part of maintenance should it turn out that the estimates for the requirements presented herein are contradicted by actual filter data for CA_4-7. 

2
Background
The IL reported for the Band 1 + Band 7 combination and the resulting average are shown in Table 2 and Table 3 [1],
Table 2: Additional IL values for band 1 + 7 diplexer and quadplexers (under ETC) 

	E-UTRA bands
	IL (dB)
	IL (dB)

	1 Tx
	0.4
	0.7

	1 Rx
	0.37
	0.7

	7 Tx
	0.63
	1.2

	7 Rx
	0.58
	1.2


Table 3: Average additional Tx and Rx IL for combining band 1 and band 7 (under ETC)

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]

	
[image: image1.wmf]IL


	1
	0.54
	0.54

	
	7
	0.9
	0.9


and the corresponding data for the Band 3 + Band 7 combination is Table 4 and Table 5 [1]:

Table 4: Reported additional ILs for band 3 + 7 diplexer and quadplexers for ETC

	E-UTRA bands
	IL (dB)
	IL (dB)
	IL (dB)
	IL (dB)

	3
	0.93
	0.85
	0.5
	0.8

	7
	1.08
	0.8
	0.4
	1.0


Table 5: Average Tx and Rx additional IL for combining band 3 and band 7 for ETC

	Inter-band CA Configuration
	E-UTRA Band
	Tx IL  [dB]
	Rx IL  [dB]
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	3
	0.77
	0.77

	
	7
	0.82
	0.82


For the Band 4 + Band 7 combination
1. the response for Band 7 TX needs to supply large attenuation at Band 4 RX and Band 7 RX, where Band 4 RX is a subset of Band 1 RX (cf. the Band 1 + Band 7 combination);
2. the response for Band 4 TX, a subset of Band 3 TX, needs to supply large attenuation at Band 4 RX and Band 7 RX, where Band 4 RX is at larger separation from the Band 4 TX compared to Band 3 RX;
3. the response for Band 7 RX needs to supply large attenuation at Band 4 TX and Band 7 TX, where Band 4 TX is a subset of Band 3 TX (cf. the Band 3 + Band 7 combination).
4. the response for Band 4 RX, a subset of Band 1 TX, needs to supply large attenuation at Band 4 TX and Band 7 TX, where Band 4 TX is at larger separation compared to Band 1 RX 
For the Band 7 TX of the Band 4 + Band 7 combination (Item 1), we propose the same requirement as for Band 7 TX of the Band 3 + Band 7 combination, which the has the same average reported IL as the Band 1 + Band 7 combination. 

For the Band 4 TX of the Band 4 + Band 7 combination (Item 2), we propose the same requirement as for Band 3 TX in the Band 3 + Band 7 combination: even if the narrower Band 4 RX is at larger separation than the wider Band 3 RX, duplexer characteristics typically display fly-back, a decreased attenuation as the frequency is increased above the TX passband. One example of a commercially available Band 4 SAW TX duplexer is shown Figure 1. The response for the Band 4 + Band 7 multiplexer needs to supply high attenuation for both Band 4 RX and Band 7 RX that are both at a separation ≥ 400 MHz from the Band 4 TX, and we therefore assume a similar penalty for Band 4 TX as for Band 3 TX in the Band 3 + Band 7 combination. Furthermore, Band 4 is difficult from an antenna matching perspective.
[image: image3.emf]
Figure 1: SAW duplexer response for Band 4 TX.

For the Band 7 RX of the Band 4 + Band 7 combination (Item 3), one could possibly the same requirements as for Band 7 RX of the Band 3 + Band 7 combination. However, the average reported insertion losses for Band 7 RX in Table 3 and Table 5 are > 0.7 dB, and in particular, 0.9 dB for the Band 1 + Band 7 combination with the same frequency separation between the lower receive band and the high transmit band. We therefore propose a penalty of ΔRIB = 0.5 dB for Band 7 RX.
For the Band 4 RX of the Band 4 + Band 7 combination (Item 4), we propose a ΔRIB = 0.5 dB in 0.5 dB penalty for Band 4 RX in view of the challenging matching for Band 4 and the legacy Band 4 reference sensitivity requirements.
The proposed requirements are summarized in Table 6 and Table 7.
Table 6: Requirements for ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_4A-7A
	4
	0.5

	
	7
	0.5


Table 7: Requirements for ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_4A-7A
	4
	0.5

	
	7
	0.5


3
Proposal

We propose to include the text below into the TR 36.850.
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6.3.6
LTE inter-band Carrier Aggregation Band 4 and Band 7 (1 UL)

Table 6.3.6.1 shows the operating bands for CA Band 4 and Band 7.

Table 6.3.6.1: Inter band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

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

	
	
	FUL_low   –  FUL_high
	
	FDL_low   –  FDL_high
	
	

	CA_4-7
	4
	1710 MHz
	–
	1755 MHz
	5, 10
	2110 MHz
	–
	2155 MHz
	5, 10
	FDD

	
	7
	2500 MHz
	–
	2570 MHz
	5, 10, 15, 20
	2620 MHz
	–
	2690 MHz
	5, 10, 15, 20
	FDD


6.3.6.1

List of specific combination issues

6.3.6.1.1
Channel bandwidths per operating band for CA

Table 6.3.6.1.1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	E-UTRA band / channel bandwidth

	E-UTRA 
CA Band
	E-UTRA Bands
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	CA_4A-7A
	4
	
	
	Yes
	Yes
	
	

	
	7
	
	
	Yes
	Yes
	Yes
	Yes


6.3.6.1.2
Co-existence studies for CA_4-7

Table 6.3.6.1.2-1 includes the 2nd and 3rd order harmonic products for band 3 + band 7 CA with 1 UL. Table 6.3.6.1.2-2 shows the 2nd and 3rd order harmonics and IMD products identified for Band 4 and Band 7 DL:

Table 6.3.6.1.2-1: Band 4 and Band 7 UL harmonics products

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1710
	1735
	2500
	2570

	2nd harmonics frequency limits (MHz)
	3420
	3510
	5000
	5140

	3rd harmonics frequency limits (MHz)
	5130
	5265
	7500
	7710


Table 6.3.6.1.2-2: Band 4 and Band 7 DL harmonics and IMD products

	BS DL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	DL frequency (MHz)
	2110
	2155
	2620
	2690

	2nd harmonics frequency limits (MHz)
	4220
	4310
	5240
	5380

	3rd harmonics frequency limits (MHz)
	6330
	6465
	7860
	8070

	2nd order IMD products
	(f2_low – f1_low) / f2_low – f1_high
	(f2_high – f1_ high) / (f2_high – f1_ high)
	(f2_low + f1_low) / f2_low + f1_ high)
	(f2_high + f1_low) / f2_high + f1_high)

	MD frequency limits (MHz)
	510 / 465
	580 / 545
	4730 / 4775
	 4800 / 4845

	2nd order IMD frequency range (MHz)
	465-580
	4730-4845

	3rd order IMD products
	(2*f1_low – f2_low)/
(2*f1_low – f2_high)
	(2*f1_high – f2_low) /
(2* f1_high – f2_high)
	(2*f2_low – f1_low) /
2*f2_low – f1_high)
	(2*f2_high – f1_low) /
2*f2_high – f1_high)

	IMD frequency limits (MHz)
	1600 / 1530
	1690 / 1620
	3130 / 3085
	3270 /3225

	3rd order IMD products 
	(2*f1_low + f2_low) /
2*f1_low + f2_high)
	(2*f1_high + f2_low) /
(2* f1_high + f2_high)
	(2*f2_low + f1_low) /
2*f2_low + f1_high)
	(2*f2_high + f1_low) /
2*f2_high + f1_high)

	IMD frequency limits (MHz)
	6840 / 6910
	6930 / 7000
	7350 / 7395
	7490 / 7535 

	3rd order IMD frequency range (MHz)
	1530 – 1690

6840 - 7000
	3085 – 3270

7350 - 7535


With reference to the above tables, it can be seen that there are neither harmonic nor inter-modulation products falling within inter-band CA_4+7 operating frequency ranges. 2nd harmonics from the UE can fall into Band 22. However, it can be assumed that the harmonics will be attenuated by the duplex filter. It can be concluded that there is no issue on harmonic and intermodulation interference.

6.3.6.1.3
∆TIB and ∆RIB values
The insertion loss and TIB and RIB values for CA_4-7 are derived by using the requirements and data for the configurations CA_1-7 and CA_3_7 as proxy.
For CA_4-7

1. the response for Band 7 TX needs to supply large attenuation at Band 4 RX and Band 7 RX, where Band 4 RX is a subset of Band 1 RX (cf. CA_1-7);

2. the response for Band 4 TX, a subset of Band 3 TX, needs to supply large attenuation at Band 4 RX and Band 7 RX, where Band 4 RX is at larger separation from the Band 4 TX compared to Band 3 RX;

3. the response for Band 7 RX needs to supply large attenuation at Band 4 TX and Band 7 TX, where Band 4 TX is a subset of Band 3 TX (cf. CA_3-7).

4. the response for Band 4 RX, a subset of Band 1 TX, needs to supply large attenuation at Band 4 TX and Band 7 TX, where Band 4 TX is at larger separation compared to Band 1 RX. 

For the Band 7 TX of CA_4-7 (Item 1), the same requirement as for Band 7 TX of CA_3-7 is proposed: CA_3-7 has the same average reported IL as CA_1-7 for Band 7 TX (Table 6.3.5.1.3-2). 

For the Band 4 TX of CA_4-7 (Item 2), the same requirement as for Band 3 TX of CA_3-7 is proposed (Table 6.3.1.1.4-3): even if the narrower Band 4 RX is at larger separation than the wider Band 3 RX, duplexer characteristics typically display fly-back, a decreased attenuation as the frequency is increased above the TX passband.
For the Band 7 RX of CA_4-7 (Item 3), the same requirement as for Band 7 RX of CA_3-7 could possibly be used. However, a penalty of ΔRIB = 0.5 dB for Band 7 RX is proposed in view of the average reported IL of Band 7 RX for CA_1-7 (Table 6.3.5.1.3-2) with the same frequency separation between the lower receive band and the high transmit band.
For the Band 4 RX of CA_4-7 (Item 4), a ΔRIB = 0.5 dB is proposed for Band 4 RX in view of the challenging matching for Band 4 and the legacy Band 4 reference sensitivity requirements.

For two simultaneous DL(s) and one UL the (TIB,c and (RIB values are shown in Table 6.3.6.1.3-1 and Table 6.3.6.1.3-2 [23]:

	Table 6.3.6.1.3-1: ΔTIB,c
Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_4A-7A
	4
	0.5

	
	7
	0.5


Table 6.3.6.1.3-2: ΔRIB
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_4A-7A
	4
	0.5

	
	7
	0.5




6.4

Class A4. Low-low or high-high band combination with intermodulation problem (low order IM)

<end of text proposal>
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