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1. Introduction
In RAN4#54, the combination of band 1and 3 is approved [1]. Before that, there are some discussions on the DB-DC-HSDPA [2][3]. In this contribution, we analyze the feasibility for the combination of band 1and 3. 
2. Scenarios of Band I/ III Combinations 
In [1], scenarios were approved for 4C-HSDPA in RAN4#54. Here we list the combination schemes of band 1 and 3 with different UL carriers. 
Table 1: List of scenarios, each scenario comprises of band combination and DL/UL carriers in each band
	Scenario
	Band A
	Band B

	
	Band number
	Number of DL adjacent carriers
	Number of UL adjacent carriers
	Band number 
	Number of DL adjacent carriers
	Number of UL adjacent carriers

	1
	I
	2
	N/A
	III
	2
	1

	2
	I
	2
	N/A
	III
	2
	2

	3
	I
	2
	1
	III
	2
	N/A

	4
	I
	2
	2
	III
	2
	N/A

	5
	I
	2
	N/A
	III
	1
	1

	6
	I
	2
	N/A
	III
	1
	2

	7
	I
	2
	1
	III
	1
	N/A

	8
	I
	2
	2
	III
	1
	N/A

	9
	I
	3
	N/A
	III
	1
	1

	10
	I
	3
	N/A
	III
	1
	2

	11
	I
	3
	1
	III
	1
	N/A

	12
	I
	3
	2
	III
	1
	N/A


Table 2 lists existing UTRA FDD frequency bands as specified in [4].

Table 2: UTRA FDD frequency bands

	Operating Band
	UL Frequencies

UE transmit, Node B receive
	DL frequencies

UE receive, Node B transmit

	I
	1920 - 1980 MHz
	2110 -2170 MHz

	III
	1710 -1785 MHz
	1805 -1880 MHz


UTRA/FDD is designed to operate with the TX-RX frequency spacing as listed in Table 3 for each band.
Table 3: Duplex Spacing relative to passband and relative to carrier frequency 

	Operating Band
	Duplex spacing relative to carrier frequency [MHz]

	I
	190

	III
	95


3. Feasibility of combining Band 1 and Band 3

The two different bands combination is considered here for the purpose of feasibility evaluation. Figure1 gives spectrum location of band 1/3 combinations.Based on the criteria defined in the previous section [2], we investigate the feasibility of band 1 and 3 combinations.
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Figure 1: spectrum location of band 1/3 combination

3.1 UE RF Antenna Assumption
There are two candidate UE RF front end transceiver types to help evaluate the feasibility of band 1/3 combination for 4C-HSDPA. 
3.1.1   Separate antenna per band
As in Figure 2[2], the performance below should be considered seriously.
· The duplexer Tx-Rx noise isolation
· The coupling loss between the 2 antennas
· Duplexer Insertion Loss
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Figure 2: UE RF Front End Type 1, Separate antenna per band
3.1.2   Sharing antenna across 2 bands using diplexer
As in Figure 3[2], the performance below should be considered seriously.

· Diplexer Insertion Loss
· Duplexer Tx-Rx noise isolation in one band and in the other one
· Duplexer Insertion Loss
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Figure 3: UE RF Front End Type 2: Sharing antenna across 2 bands using a diplexer
3.2 Rx Sensitivity Impact
The scenarios of band 1/3 combination are list in Table 1, comprises of band combination and DL/UL carriers in each band. Now we discuss the Rx sensitivity impact for different scenarios.
3.2.1   UE transmits in band 3
For scenarios 1,2,5,6,9,10 in table 1, the UE transmits in band3, and there is no carrier transmitter in band 1, as in figure 4. The Tx-Rx spacing across bands is much larger than the spacing within a band. 

If a UE were to transmit in Band 3 (1710-1785 MHz) and receive in both Bands 3 (1805-1880 MHz) and Band 1 (2110-2170 MHz), the Tx-Rx frequency separation between Band 1 and Band 3 is now no less than 325 MHz and is much larger than the Tx-Rx frequency spacing of 95MHz. Therefore, the Rx band noise due to Tx leakage noise may be ignored.

[image: image4]
Figure 4: scenarios for UE transmitter in band 3

3.2.2   UE transmits in band 1

For scenarios 3, 4,7,8,11,12 in table 1, the UE transmits in band 1, as in Figure 5. The Tx-Rx spacing across bands is smaller than the spacing within a band. 

If a UE were to transmit in Band 1 (1920-1980 MHz) and receive in Bands 3 (1805-1880 MHz) and Band 1(2110~2170MHz), for the worst scenario, the nearest separation is 40MHz across band1 and band3.

Up to date, the performance of duplexer for band 1[6][7], the Tx leakage rejection is no less than 45 dB, frequency 2110-2170 MHz. But in the low side, Rx frequency in 1805-1880 MHz, TX leakage rejection is no more than 40dB. Then, the Tx leakage noise may impact the Rx band seriously.

[image: image5]
Figure 5: scenarios for UE transmitter in band 3

We propose the following solutions consider the different UE RF Antenna Assumption.

· UE RF Front End Type 1: separate antenna per band
If the duplexer reuses the existing one, we propose 20dB isolation more or less for the antenna design. Normally, the antenna isolation is 6-10dB; there might be a tradeoff between the antenna isolation and duplexer Tx-Rx isolation. The duplexer should improve noise isolation design, ensure the total Tx-Rx isolation be no less than 45dB.

· UE RF Front End Type 2: sharing antenna across 2 bands using diplexer
For this architecture, due to the diplexer can’t provide additional isolation, then, the duplexer should not reuse the existing one. We propose that the Rx noise blocking of duplexer for band 3 in frequency 1805-1880MHz is no less than 45 dB. So that to satisfy the Tx-Rx noise isolation problems.
However, we haven't to perform a detailed Rx noise analysis for this band combination. It is FFS to determine if any relaxation may be needed with regard to the REFSENS requirement.
3.3 Harmonic Interference
In Table 4, we list the harmonics of both UL and DL frequencies in each of Bands 1 and 3. As observed in the Table 3, there is no interference introduced by the harmonics in either band. Also, given that existing spurious emissions requirements in 25.104 [4] ensure the protection of NodeB receiver from other bands, and requirements in 25.101 [5]; we conclude that there is no issue due to DL or UL harmonic interference.
Table 4: Impact of UL/DL Harmonic Interference

	 
	 
	 
	 
	 
	2nd Harmonic
	3rd Harmonic
	2nd Harmonic
	3rd Harmonic

	Band
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	UL Low Band Edge
	UL High Band Edge
	DL Low Band Edge
	DL High Band Edge
	DL Low Band Edge
	DL High Band Edge

	1
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	6510

	3
	1710
	1785
	1805
	1880
	3420
	3570
	5130
	5355
	3610
	3760
	5415
	5640


4. Conclusion

We have evaluated the feasibility of 4C-HSDPA on combinations of band 1 and 3. The issue of ensuring that the UE receiver in a particular band is protected from the UE transmitter in the other band was raised. Based on the UE RF front end type, and proposed solutions for the special scenarios, we conclude that the combination of band 1and 3 is feasible.
Also, we evaluated the interference impact due to UL and DL harmonics. It is feasibility for the combination of band 1and 3. However, it is FFS for the REFSENS and other RF requirements due to the band combination. 
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