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1
Introduction
In [1], a work item on 4C-HSDPA was recently introduced in RAN #46. Furthermore in [2], an initial list of band combinations for the 4C-HSDPA work item was proposed. In RAN4 #54, two lists of scenarios comprising of band combinations and downlink carriers in each band were agreed and the LS [3] was sent to RAN, RAN WG1, RAN WG2 and RAN WG3. During RAN #47, the lists in [3] were further prioritized and the LS [4] was sent back to RAN4. The following scenarios were prioritized for the Rel-10 time frame for 4C-HSDPA.
Table 1: Band combinations of 4C-HSDPA for Rel-10 time frame [4]
	Scenario
	Band A
	Band B

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

	2
	I
	3
	N/A
	N/A

	3
	I
	3
	VIII
	1

	5
	I
	2
	VIII
	1

	8
	I
	2
	V
	2

	9
	I
	2
	V
	1

	11
	II
	2
	IV
	2

	12
	II
	2
	IV
	1

	13
	II
	1
	IV
	2

	Note: this table is a subset of the priority #1 table in RP-100089/R4-101042; scenario number is based on RP-100089/R4-101042 and does not imply any further prioritization.


In this contribution, we evaluate the feasibility of each scenario assuming the single uplink frequency operation in terms of reference sensitivity and UL/DL harmonic interference. The scenarios in Table 1 will be grouped as following for the analysis:
· Band I: scenario 2

· Bands I/VIII: scenarios 3, 5

· Bands I/V: scenarios 8, 9

· Bands II/IV: scenarios 11, 12, 13

2
Reference Sensitivity
This section uses the following two quantities for the analysis of reference sensitivity impact due to the introduction of 4C-HSDPA: duplex spacing and duplex gap.
· Duplex spacing: The closest distance between configured DL carrier frequencies and UL carrier frequency
· Duplex gap: The distance between DL and UL bands

2.1
Band I
In the case of aggregating 3 adjacent carriers in band I (scenario 2 in Table 1), the duplex spacing can be reduced by 5 MHz compared to Rel-8 DC-HSDPA due to the increased DL bandwidth. The minimum duplex spacing is 180 MHz, which is larger than 46 times of UL Tx bandwidth (3.84 MHz). Therefore, it can be assumed that Rx band noise does not impact reference sensitivity.
2.2
Bands I/VIII Combination
For the bands I/VIII combination (scenarios 3 and 5 in Table 1), the use of a diplexer will be assumed. Since scenario 5 is a subset of scenario 3, the analysis will be based on scenario 3, which is 3 adjacent carriers in band I and 1 carrier in band VIII.
In the case of aggregating carriers across bands I and VIII, the duplex spacing across bands is much larger than the spacing within a band. If a UE were to transmit in band I and receive in both band I and band VIII, the duplex gap between band I UL and band VIII DL is equal to 960 MHz which is much larger than the duplex gap of 130 MHz between band I UL and band I DL. The minimum duplex spacing between band I UL and band VIII DL is 965 MHz which is again much larger than the minimum duplex spacing of 180 MHz between band I UL and band I DL (3 carriers).
Similarly, if a UE were to transmit in band VIII and receive in both band I and band VIII, the duplex gap between band VIII UL and band I DL is equal to 1195 MHz which is much larger than the duplex gap of 10 MHz between band VIII UL and band VIII DL. The minimum duplex spacing between band VIII UL and band I DL is 1200 MHz which is again much larger than the duplex spacing of 45 MHz between band VIII UL and band VIII DL.
Therefore, Rx band noise between cross band can be ignored. The operation within a band looks feasible from previous analysis for scenario 2 in band I and the legacy operation in band VIII.
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Figure 1: Frequency spectrum when band I and band VIII are combined
2.3
Bands I/V Combination
For the bands I/V combination (scenarios 8 and 9 in Table 1), the use of a diplexer will be assumed. Since scenario 9 is a subset of scenario 8, the analysis will be based on scenario 8, which is 2 adjacent carriers in band I and 2 adjacent carriers in band V.
In the case of aggregating carriers across bands I and V, the duplex spacing across bands is much larger than the spacing within a band. If a UE were to transmit in band I and receive in both band I and band V, the duplex gap between band I UL and band V DL is equal to 1026 MHz which is much larger than the duplex gap of 130 MHz between band I UL and band I DL. The minimum duplex spacing between band I UL and band V DL is 1031 MHz which is again much larger than the minimum duplex spacing of 185 MHz between band I UL and band I DL (2 carriers).
Similarly, if a UE were to transmit in band V and receive in both band I and band V, the duplex gap between band V UL and band I DL is equal to 1261 MHz which is much larger than the duplex gap of 20 MHz between band V UL and band V DL. The minimum duplex spacing between band V UL and band I DL is 1266 MHz which is again much larger than the minimum duplex spacing of 40 MHz between band V UL and band V DL (2 carriers).
Therefore, Rx band noise between cross band can be ignored. The operation within a band looks feasible from Rel-8 DC-HSDPA operation.
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Figure 2: Frequency spectrum when band I and band V are combined

2.4
Bands II/IV Combination
For bands II/IV combination (scenarios 11, 12 and 13 in Table 1), the use of a quadplexer will be assumed. Since the scenarios 12 and 13 are subset of scenario 11, the analysis will be based on the scenario 11, which is 2 adjacent carriers in band II and 2 adjacent carriers in band IV.
If a UE were to transmit in band II and receive in both band II and band IV, the duplex gap between band II UL and band IV DL is equal to 200 MHz which is much larger than the duplex gap of 20 MHz between band II UL and band II DL. The minimum duplex spacing between band II UL and band IV DL is 205 MHz which is again much larger than the minimum duplex spacing of 75 MHz between band II UL and band II DL (2 carriers).
If a UE were to transmit in band IV and receive in both band II and band IV, the duplex gap between band IV UL and band II DL is equal to 175 MHz which is smaller than the duplex gap of 355 MHz between band IV UL and band IV DL. The minimum duplex spacing between band IV UL and band II DL is 180 MHz which is again smaller than the minimum duplex spacing of 395 MHz between band IV UL and band IV DL (2 carriers).
This band combination is more challenging than previous 4C-HSDPA scenarios. However, the minimum duplex spacing in cross bands in this case (180 MHz) is same as Rel-9 DB-DC-HSDPA bands II/IV combination. In addition, this minimum duplex spacing is larger than 46 times of Tx bandwidth (3.84 MHz). Considering a fact that bands II/IV combination in Rel-9 DB-DC-HSDPA is feasible as well as Rel-8 DC-HSDPA in these bands each, this scenario can be assumed to be feasible with a reasonable design of a quadplexer.

[image: image3]
Figure 3: Frequency spectrum when band II and band IV are combined
3
Harmonic Interference
3.1
Band I
Since this scenario is a single band operation, the harmonic analysis can be skipped.

3.2
Bands I/VIII Combination
In Table 2, the harmonics of both UL and DL frequencies in each of Bands I and VIII are listed. As observed in the Table 2, there is no impact due to harmonics of the UL/DL frequencies in Bands I/VIII.
Table 2: UL/DL harmonics for bands I/VIII
	 
	 
	 
	 
	 
	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

	VIII
	880
	915
	925
	960
	1760
	1830
	2640
	2745
	1850
	1920
	2775
	3840

	I
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	8680


3.3
Bands I/V Combination
In Table 3, the harmonics of both UL and DL frequencies in each of Bands I and V are listed. As observed in the Table 3, there is no impact due to harmonics of the UL/DL frequencies in Bands I/V.

Table 3: UL/DL harmonics for bands I/V
	 
	 
	 
	 
	 
	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

	V
	824
	849
	869
	894
	1648
	1698
	2472
	2547
	1738
	1788
	2607
	2682

	I
	1920
	1980
	2110
	2170
	3840
	3960
	5760
	5940
	4220
	4340
	6330
	8680


3.4
Bands II/IV Combination
In Table 4, the harmonics of both UL and DL frequencies in each of Bands II and IV are listed. As observed in the Table 4, there is no impact due to harmonics of the UL/DL frequencies in Bands II/IV.

Table 4: UL/DL harmonics for bands II/IV
	 
	 
	 
	 
	 
	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

	IV
	1710
	1755
	2110
	2155
	3420
	3510
	5130
	5265
	4220
	4310
	6330
	8620

	II
	1850
	1910
	1930
	1990
	3700
	3820
	5550
	5730
	3860
	3980
	5790
	7960


4
Conclusions
We have performed feasibility study for the 4C-HSDPA scenarios recently recommended by TSG RAN [4] assuming the single uplink frequency operation. We have concluded that all the scenarios in [4] are feasible. The detailed RF core requirements need to be further studied.
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