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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 Rel-10 time frame for 4C-HSDPA. In [5] and [6], the feasibility of each scenario in Table 1 was provided and concluded to be feasible.
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, impact on UE Rx core requirements due to the introduction of 4C-HSDPA is provided. 
2
Pre LNA Assumptions for 4C-HSDPA
A typical UE RF architecture pre-LNA is shown in Figure 1. The pre LNA loss in typical UMTS device is typically 3.5 dB and worst case ~4 dB. With introduction of dual band 4C-HSDPA, the architecture of the RF front-end changes slightly. In place of a normal duplexer, a diplexer/triplexer/quadplexer will be needed depending on the band combinations in Table 1.
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Figure 1: Typical UE RF front-end architecture
Table 2 summarizes the additional insertion loss assumed due to the use of a diplexer/triplexer/quadplexer for each scenario in 4C-HSDPA. These values will be used for the analysis of Rx core requirements in the remainder of the contribution.
Table 2: Additional insertion loss for 4C-HSDPA band combinations [4]

	Scenario
	Band A
	Band B
	Additional insertion loss [dB]

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

	2
	I
	3
	N/A
	N/A
	0

	3
	I
	3
	VIII
	1
	0.5

	5
	I
	2
	VIII
	1
	0.5

	8
	I
	2
	V
	2
	0.5

	9
	I
	2
	V
	1
	0.5

	11
	II
	2
	IV
	2
	1

	12
	II
	2
	IV
	1
	1

	13
	II
	1
	IV
	2
	1


3
Reference Sensitivity
We propose that any UE which supports the scenario in Table 2 be allowed to increase the reference sensitivity by the amount of corresponding additional insertion loss irrespective of carrier configuration. It also should be noted that for a dual band 4C-HSDPA capable UE, even if the UE is operating in a single band mode, the reference sensitivity is still limited by the diplexer/triplexer/quadplexer.
When a dual band 4C-HSDPA capable UE is operating with dual uplinks, we propose not having reference sensitivity requirements consistently as Rel-9 DC-HSUPA.
Proposal 1: Increase the reference sensitivity by the amount of corresponding additional insertion loss for a dual-band 4C-HSDPA capable UE as shown in Table 2.
Proposal 2: Reference sensitivity requirement is not specified (or not applicable) with dual uplink frequency operation in 4C-HSDPA.

During Rel-9 DB-DC-HSDPA study, reference sensitivity was relaxed by 1 dB only for the bands II/IV combination. For bands I/VIII and I/V combinations, reference sensitivity remains the same as in Rel-8 DC-HSDPA, which means that it effectively tightens the requirements. Since it is desirable to have a consistent framework to derive the minimum requirements, we also propose relaxing the reference sensitivity for bands I/VIII and I/V combinations by 0.5 dB.
Proposal 3: Increase the reference sensitivity of bands I/VIII and I/V combinations for Rel-9 DB-DC-HSDPA by 0.5 dB.

4
Maximum Input Level
In Rel-8 DC-HSDPA and Rel-9 DB-DC-HSDPA, the maximum input level has been kept the same per carrier as the single carrier HSDPA requirement. This means that the total maximum input level across carriers becomes -22 dBm in both DC-HSDPA and DB-DC-HSDPA. If we are adopting the same expansion, in 4C-HSDPA, the total maximum input level across carriers becomes -19 dBm. This might be problematic from an analog front-end design point of view. Mostly what matters is the total maximum input level per band, but the detailed requirements need to be further studied.
5
Derivation of Rx Core Requirements

Potential impacts on Adjacent Channel Selectivity (ACS), in-band blocking, narrow-band blocking, intermodulation and narrow-band intermodulation requirements are expected due to the introduction of 4C-HSDPA. The impacts will be analyzed based on the cross modulation noise due to the Tx signal and jammer signal(s). In subsequent sections, the methodology to simulate the cross modulation noise and to derive Rx core requirements will be presented. 

5.1
Cross Modulation Noise Simulation
The cross modulation noise in the Rx band between the Tx signal and jammer signal(s) due to the nonlinearity of the analog front-end will be measured, where the Rx band noise due to the spectral regrowth at the Tx PA is not incorporated. This is a reasonable assumption in most of the bands for which the Tx-Rx frequency separation is large. For those bands, in which the Tx-Rx frequency separation is small, the Rx band noise impact on the carrier to noise ratio (C/N) in the receive chain depends upon the level of transmit power of the UE and may not be negligible. In that case, the Rx band noise will be incorporated into the final Rx core requirements derivation. The details will be explained in section 5.2.
General assumptions used in the simulation are as follows:

· Rx xmod IIP3 = -10 dBm

· Duplexer isolation at the Tx frequency = 50 dB
· Tx insertion loss = 4 dB + additional insertion loss due to diplexer/triplexer/quadplexer
· Rx insertion loss = 4 dB + additional insertion loss due to diplexer/triplexer/quadplexer

· a3 for the 3rd order cross mod nonlinearity in the LNA and beyond = 2/(3*10^(IIP3/10)) = 20/3

· Gain of the receive path from the LNA input to the baseband input = 1
· UE Tx power at the antenna port = 20 dBm [7]
When the UE transmits at 20 dBm at the antenna port, the transmit power at the PA output is (20+X) dBm assuming the Tx insertion loss of X dB. Then, the Tx signal at the LNA input becomes (20+X-50) dBm. Similarly the jammer signals at the antenna port will experience the Rx insertion loss of X dB when it reaches the LNA input assuming the same Rx insertion loss of X dB. The simulation set-up is shown in Figure 2. In this simulation, the cross modulation noise measurements (Nxmod) will be made at the “Filtered Cross Mod” point in the figure.
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Figure 2: Simulation set-up to measure the cross modulation noise in the Rx band

5.2
Derivation of Rx Core Requirements

Once the cross modulation noise (Nxmod) is obtained from simulation, Rx core requirements including ACS, in-band blocking, narrow-band blocking, intermodulation and narrow-band intermodulation can be derived via the following steps:

1. NIR-LNA,th = Nth + NFpost 
· NFpost = NFtot – IL
· NFtot = NFBand1 + BO
2. NIR-LNA,rxb = Nrxb
3. NIR-LNA,xmod = Nxmod
4. NIR-LNA,tot = NIR-LNA,th & NIR-LNA,rxb & NIR-LNA,xmod 
5. NIR-ANT,tot = NIR-LNA,tot + IL
6. ReqÎor = NIR-ANT,tot + G + IM
where
· +/- is addition/subtraction in dB domain and & is addition in linear domain
· NIR-LNA,th : Input referred thermal noise at the LNA input
· Nth : Thermal noise at room temperature = -174 dBm/Hz
· NFpost : Noise figure LNA and beyond
· NFtot : Noise figure of whole RF system in Rx receive chain (from antenna port to baseband input)
· IL : Pre LNA insertion loss (switchplexer + duplexer)
· NFBand1 : Noise figure of whole RF system for Band I (e.g., it is 9 dB for the legacy device). Additional insertion loss due to diplexer/triplexer/quadplexer will be added for a dual-band capable UE.
· BO : Band offset applied to noise figure for each band
· NIR-LNA,rxb : Input referred Rx band noise at the LNA input
· Nrxb : Rx band noise measured at the LNA input due to the spectral regrowth at the Tx PA
· NIR-LNA,xmod : Input referred cross modulation noise at the LNA input
· Nxmod : Cross modulation noise measured from simulation
· NIR-LNA,tot : Input referred total noise at the LNA input
· NIR-ANT,tot : Input referred total noise at the antenna port
· ReqÎor : Required received signal power for the requirements
· G : Required Geometry of the reference measurement channel [8]= -5.5 dB
· IM : Implementation margin = 2 dB
The steps to derive the Rx core requirements can be explained in Figure 3. At the antenna port, the signal level is Îor, and the thermal noise is Nth. At the LNA input, the signal is attenuated by IL, the thermal noise remains same, and Rx band noise is Nrxb. At the baseband input, the signal remains same as Îor-IL, Rx band noise remains same as Nrxb, the thermal noise becomes Nth+NFpost, and the cross modulation noise is Nxmod. It should be noted that unity gain is assumed for the receive path from the LNA input to the baseband input. Carrier to Noise ratio (C/N) at the baseband input is then, Îor – IL – [(Nth+NFpost) & Nrxb & Nxmod]. Therefore, the input referred total noise at the antenna port, NIR-ANT,tot, is given by
NIR-ANT,tot = IL + [(Nth+NFpost) & Nrxb & Nxmod].
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Figure 3: Derivation of Rx core requirements with Jammer signal(s)
5.3
Two-tone IM3 Noise

In essence, two-tone IM3 noise due to two-tone IP3 also should be considered together with the cross modulation noise. Two-tone IIP3 numbers tend to be lower than xmod IIP3, however, the numbers are still under investigation for the receive chain design with a wider bandwidth. For up to a 10 MHz receiver (DC-HSDPA), two-tone IM3 noise was negligible compared to the cross modulation noise. Therefore, two-tone IM3 noise was not considered when the Rx core requirements were derived for it. Once a two-tone IIP3 number is determined, the two-tone IM3 noise level should be examined and if non-negligible, included in the derivation of Rx core requirements.
6
Rx Core Requirements
6.1
Single Uplink Operation

Section 6.1 investigates the Rx core requirements for 4C-HSDPA with single uplink operation, including in-band blocking, narrow-band blocking, intermodulation, narrow-band intermodulation and ACS requirements. The simulation results of the cross modulation noise are shown in section 6.1.1 and the derivation of each requirement using the steps in section 5.2 follows. The results are shown with respect to the DL band of each scenario in Table 1. That is:
· Scenario 2 corresponds to the column of DL band I, band operation SB and number of carriers 3.

· Scenario 3 corresponds to the column of DL band I, band operation DB and number of carriers 3, and the column of DL band I, band operation DB and number of carriers 1.

· Scenario 5 corresponds to the column of DL band I, band operation DB and number of carriers 2, and the column of DL band I, band operation DB and number of carriers 1.

· Scenario 8 corresponds to the column of DL band I, band operation DB and number of carriers 2, and the column of DL band V, band operation DB and number of carriers 2.

· Scenario 9 corresponds to the column of DL band I, band operation DB and number of carriers 2, and the column of DL band V, band operation DB and number of carriers 1.

· Scenario 11 corresponds to the column of DL band II, band operation DB and number of carriers 2, and the column of DL band IV, band operation DB and number of carriers 2.

· Scenario 12 corresponds to the column of DL band II, band operation DB and number of carriers 2, and the column of DL band IV, band operation DB and number of carriers 1.

· Scenario 13 corresponds to the column of DL band II, band operation DB and number of carriers 1, and the column of DL band IV, band operation DB and number of carriers 2.

The UL carrier frequency was assumed in the closer UL band to the DL band of interest out of the UL bands in each scenario. However, the UL band assumption does not impact the cross modulation noise, as long as there is only negligible Rx band noise, which is the case for all the scenarios in Table 1 assuming the single uplink operation. Therefore, the results shown in the contribution can be generalized to either of UL bands.
For each requirement, the following informations are shown:

· Requirements derived from the cross modulation noise using the steps in section 5.2
· Existing requirements defined from REFÎor (e.g., REFÎor+3dB or REFÎor+10dB)
· Relative relaxation compared against the existing requirements

· Positive value means a spec relaxation would be required for 4C-HSDPA.
· Negative value means the current spec can be re-used.
· Proposed requirements which are the maximum between the requirements from simulation and the existing requirements.
6.1.1
Cross Modulation Noise

The cross modulation noise measured from simulation is shown in Table 3.
Table 3: Cross modulation noise with single uplink frequency operation

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Insertion Loss
	4
	4.5
	4.5
	5
	5
	5
	5
	4.5
	4.5
	4.5

	In-band Blocking
	-142.8
	-141.4
	-143.5
	-142.1
	-142.1
	-142.1
	-142.1
	-136.8
	-136.8
	-136.8

	Narrow-band Blocking
	 N/A
	 N/A
	N/A
	-97.3
	-97.3
	-97.3
	-97.3
	-97.8
	-97.8
	-97

	Intermod
	-128.8
	-129.5
	-129.6
	-129.9
	-129.9
	-129.9
	-129.9
	-103.8
	-103.8
	-103.8

	Narrow-band Intermod
	 N/A
	 N/A
	N/A
	-84.9
	-84.9
	-84.9
	-84.9
	-85.4
	-85.4
	-84.6

	ACS Case 1
	-97.7
	-97.2
	-97.2
	-96.7
	-96.7
	-96.7
	-96.7
	-97.2
	-97.2
	-97.2

	ACS Case 2
	-69.5
	-69.4
	-69.4
	-69.2
	-69.2
	-69.2
	-69.2
	-69.4
	-69.4
	-69.4


6.1.2
In-band Blocking

The in-band blocking requirements are shown in Table 4. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band. These cases are shaded by orange color in the tables below.
Table 4: In-band blocking requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	-102.6
	-102.1
	-102.1
	-98.6
	-98.6
	-100.6
	-100.6
	-100.1
	-100.1
	-99.1

	Existing Spec (REFÎor+3dB)
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-96.2

	Relaxation
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9

	Proposed Requirements
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-96.2


6.1.3
Narrow-band Blocking

The narrow-band blocking requirements are shown in Table 5. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

Table 5: Narrow-band blocking requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	N/A
	N/A
	N/A
	-94
	-94
	-94.5
	-94.5
	-95.1
	-95.1
	-94.3

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.7
	-90.7
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	-5.3
	-5.3
	-3.8
	-3.8
	-4.9
	-4.9
	-5.1

	Proposed Requirements
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.7
	-90.7
	-90.2
	-90.2
	-89.2


6.1.4
Intermodulation

The intermodulation requirements are shown in Table 6. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 6: Intermodulation requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	-102.6
	-102.1
	-102.1
	-98.6
	-98.6
	-100.6
	-100.6
	-98.2
	-98.2
	-97.6

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-96.2

	Relaxation
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-1
	-1
	-1.4

	Proposed Requirements
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-96.2


6.1.5
Narrow-band Intermodulation

The narrow-band intermodulation requirements are shown in Table 7. It is shown that the existing requirements need to be relaxed by 5.5 dB to 7.4 dB for 4C-HSDPA scenarios in Table 1.

Table 7: Narrow-band intermodulation requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	N/A
	N/A
	N/A
	-83.2
	-83.2
	-83.3
	-83.3
	-84.2
	-84.2
	-83.4

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.7
	-90.7
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	5.5
	5.5
	7.4
	7.4
	6
	6
	5.8

	Proposed Requirements
	N/A
	N/A
	N/A
	-83.2
	-83.2
	-83.3
	-83.3
	-84.2
	-84.2
	-83.4


6.1.6
ACS Case 1

The ACS Case 1 requirements are shown in Table 8. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 8: ACS Case 1 requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	-96.1
	-95.2
	-95.2
	-93.5
	-93.5
	-94.1
	-94.1
	-94.7
	-94.7
	-94.4

	Existing Spec (REFÎor +14dB)
	-88.7
	-88.2
	-88.2
	-84.7
	-84.7
	-86.7
	-86.7
	-86.2
	-86.2
	-85.2

	Relaxation
	-7.4
	-7
	-7
	-8.8
	-8.8
	-7.4
	-7.4
	-8.5
	-8.5
	-9.2

	Proposed Requirements
	-88.7
	-88.2
	-88.2
	-84.7
	-84.7
	-86.7
	-86.7
	-86.2
	-86.2
	-85.2


6.1.7
ACS Case 2

The ACS Case 2 requirements are shown in Table 9. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 9: ACS Case 2 requirements with single uplink frequency

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	1
	1

	Requirements from simulation
	-68.9
	-68.3
	-68.3
	-67.6
	-67.6
	-67.6
	-67.6
	-68.3
	-68.3
	-68.3

	Existing Spec (REFÎor +41dB)
	-61.7
	-61.2
	-61.2
	-57.7
	-57.7
	-59.7
	-59.7
	-59.2
	-59.2
	-58.2

	Relaxation
	-7.2
	-7.1
	-7.1
	-9.9
	-9.9
	-7.9
	-7.9
	-9.1
	-9.1
	-10.1

	Proposed Requirements
	-61.7
	-61.2
	-61.2
	-57.7
	-57.7
	-59.7
	-59.7
	-59.2
	-59.2
	-58.2


6.2
Dual Uplink Operation

Section 6.2 investigates the Rx core requirements for 4C-HSDPA with dual uplink operation. The simulation results of the cross modulation noise are shown in section 6.2.1, the Rx band noise due to DC-HSUPA transmission is presented in section 6.2.2, and the derivation of each requirement using the steps in section 5.2 follows. The UL carrier frequencies were assumed at the closest frequencies possible in the closer UL band to the DL band of interest, except band V with 2 DL carriers. In that case, there is a separate simulation for the uplink assumption in band I and band V, since the Rx band noise will create significant difference depending on whether dual uplinks are transmitted in band V or band I. For all other cases, the UL band will not make any noticeable difference. Therefore, the results shown in the contribution can be generalized to either of UL bands except band V with 2 DL carriers.

6.2.1
Cross Modulation Noise

The cross modulation noise measured from simulation is shown in Table 10.
Table 10: Cross modulation noise with dual uplink frequency operation

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Insertion Loss
	4
	4.5
	4.5
	5
	5
	5
	5
	4.5
	4.5
	4.5
	4.5

	In-band Blocking
	-105.8
	-105.3
	-105.3
	-104.8
	-104.8
	-104.8
	-104.8
	-105.3
	-105.3
	-105.3
	-105.3

	Narrow-band Blocking
	 
	 
	
	-92.5
	-92.5
	-92.5
	-92.5
	-93
	-93
	-93
	-91.5

	Intermod
	-96.9
	-96.4
	-96.4
	-95.9
	-95.9
	-95.9
	-95.9
	-95.7
	-95.7
	-95.7
	-95.7

	Narrow-band Intermod
	 
	 
	
	-76
	-76
	-76
	-76
	-76.5
	-76.5
	-76.5
	-75.5

	ACS Case 1
	-88.2
	-87.7
	-87.5
	-87
	-87
	-87
	-87
	-87.5
	-87.5
	-87.5
	-87.5

	ACS Case 2
	-61
	-60.6
	-60.4
	-60
	-60
	-60
	-60
	-60.4
	-60.4
	-60.4
	-60.4


6.2.2
Rx Band Noise due to DC-HSUPA transmission
The Rx band noise for band V DL is shown in Table 11, where DC-HSUPA waveform is transmitted in band V. The additional insertion loss due to the use of a diplexer will cause Pout at the PA to increase by 0.5 dB compared to the non dual-band capable UE. Rx band noise will approximately increase by 1 dB assuming the slope of 0.5 dB/Pout dB. Therefore, Rx band noise is 1 dB higher than the non dual-band capable UE which has -95.1 dBm/3.84 MHz.
Table 11: Rx band noise due to the transmission

	Band
	Rx band noise
	Unit
	Note

	V
	-95.1
	dBm/3.84 MHz
	50 dB duplexer/diplexer isolation


6.2.3
In-band Blocking

The in-band blocking requirements are shown in Table 12. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1, except the scenario 8 with DC-HSUPA transmission in band V, where 4.4 dB relaxation is needed in band V.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 12: In-band blocking requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	-100.7
	-100.1
	-100.1
	-97.4
	-97.4
	-98.7
	-98.7
	-98.7
	-92.8
	-98.7
	-104.5

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-97.2
	-96.2

	Relaxation
	-1
	-0.9
	-0.9
	-1.7
	-1.7
	-1
	-1
	-1.5
	4.4
	-1.5
	-8.3

	Proposed Requirements
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-92.8
	-97.2
	-96.2


6.2.4
Narrow-band Blocking

The narrow-band blocking requirements are shown in Table 13. It is shown that the scenarios 11/12/13 need 0.2 dB relaxation in band IV irrespective of the band in which DC-HSUPA waveform is transmitted, and the scenario 8 with DC-HSUPA transmission in band V needs 0.7 dB relaxation in band V.
Table 13: Narrow-band blocking requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	N/A
	N/A
	N/A
	-90.3
	-90.3
	-90.5
	-90.5
	-91.3
	-89.5
	-91.3
	-89.9

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.7
	-90.7
	-90.2
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	-1.6
	-1.6
	0.2
	0.2
	-1.1
	0.7
	-1.1
	-0.7

	Proposed Requirements
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.5
	-90.5
	-90.2
	-89.5
	-90.2
	-89.2


6.2.5
Intermodulation

The intermodulation requirements are shown in Table14. It is shown that the existing requirements need to be relaxed by 2.7 dB to 6.4 dB for 4C-HSDPA scenarios in Table 1.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 14: Intermodulation requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	-95.4
	-94.5
	-94.5
	-93
	-93
	-93.4
	-93.4
	-93.6
	-90.8
	-93.6
	-93.3

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-95.7
	-95.7
	-97.7
	-97.7
	-97.2
	-97.2
	-97.2
	-96.2

	Relaxation
	4.3
	4.7
	4.7
	2.7
	2.7
	4.3
	4.3
	3.6
	6.4
	3.6
	2.9

	Proposed Requirements
	-95.4
	-94.5
	-94.5
	-93
	-93
	-93.4
	-93.4
	-93.6
	-90.8
	-93.6
	-93.3


6.2.6
Narrow-band Intermodulation

The narrow-band intermodulation requirements are derived in Table 15. It is shown that the existing requirements need to be relaxed by 14.3 dB to 16.3 dB for 4C-HSDPA scenarios in Table 1.

Table 15: Narrow-band intermodulation requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	N/A
	N/A
	N/A
	-74.4
	-74.4
	-74.4
	-74.4
	-75.4
	-75.4
	-75.4
	-74.4

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-88.7
	-88.7
	-90.7
	-90.7
	-90.2
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	14.3
	14.3
	16.3
	16.3
	14.8
	14.8
	14.8
	14.8

	Proposed Requirements
	N/A
	N/A
	N/A
	-74.4
	-74.4
	-74.4
	-74.4
	-75.4
	-75.4
	-75.4
	-74.4


6.2.7
ACS Case 1

The ACS Case 1 requirements are derived in Table 16. It is shown that the scenario 2 needs 1.2 dB relaxation, the scenario 3 needs 1.7 dB in band I, the scenarios 5/8/9 need 1.9 dB in band I, and scenarios 11/12/13 need 1.4 dB in band IV irrespective of the band in which DC-HSUPA waveform is transmitted. The scenario 8 needs 0.6 dB of relaxation in band V with DC-HSUPA transmission in band V.
It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 16: ACS Case 1 requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	-87.5
	-86.5
	-86.3
	-85.2
	-85.2
	-85.3
	-85.3
	-86.3
	-85.6
	-86.3
	-86.2

	Existing Spec (REFÎor +14dB)
	-88.7
	-88.2
	-88.2
	-84.7
	-84.7
	-86.7
	-86.7
	-86.2
	-86.2
	-86.2
	-85.2

	Relaxation
	1.2
	1.7
	1.9
	-0.5
	-0.5
	1.4
	1.4
	-0.1
	0.6
	-0.1
	-1

	Proposed Requirements
	-87.5
	-86.5
	-86.3
	-84.7
	-84.7
	-85.3
	-85.3
	-86.2
	-85.6
	-86.2
	-85.2


6.2.8
ACS Case 2

The ACS Case 2 requirements are derived in Table 17. It is shown that the scenario 2 needs 1.3 dB relaxation, the scenario 3 needs 1.7 dB in band I, the scenarios 5/8/9 need 1.9 dB in band I, and scenarios 11/12/13 need 1.3 dB in band IV irrespective of the band in which DC-HSUPA waveform is transmitted.

It should be noted that two-tone IM3 noise should be further investigated and included when the UE receives more than 2 carriers within a band.

Table 17: ACS Case 2 requirements with dual uplink frequency

	UL Band
	I
	I
	I
	II
	IV
	IV
	II
	I
	V
	I
	I

	DL Band
	I
	I
	I
	II
	II
	IV
	IV
	V
	V
	V
	VIII

	Band Operation
	SB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB
	DB

	Number of Carriers
	3
	3
	2
	2
	1
	2
	1
	2
	2
	1
	1

	Requirements from simulation
	-60.4
	-59.5
	-59.3
	-58.4
	-58.4
	-58.4
	-58.4
	-59.3
	-59.3
	-59.3
	-59.3

	Existing Spec (REFÎor +41dB)
	-61.7
	-61.2
	-61.2
	-57.7
	-57.7
	-59.7
	-59.7
	-59.2
	-59.2
	-59.2
	-58.2

	Relaxation
	1.3
	1.7
	1.9
	-0.7
	-0.7
	1.3
	1.3
	-0.1
	-0.1
	-0.1
	-1.1

	Proposed Requirements
	-60.4
	-59.5
	-59.3
	-57.7
	-57.7
	-58.4
	-58.4
	-59.2
	-59.2
	-59.2
	-58.2


7
Conclusions
In this contribution, the impacts on UE Rx core requirements due to the introduction of 4C-HSDPA have been provided in detail. 
Additional insertion loss due to the diplexer/triplexer/quadplexer has been investigated. 
The following proposals have been made for reference sensitivity requirements.

Proposal 1: Increase the reference sensitivity by the amount of corresponding additional insertion loss for a dual-band 4C-HSDPA capable UE as shown in Table 2.
Proposal 2: Reference sensitivity requirement is not specified (or not applicable) with dual uplink frequency operation in 4C-HSDPA.

Proposal 3: Increase the reference sensitivity of bands I/VIII and I/V combinations for Rel-9 DB-DC-HSDPA by 0.5 dB.

The potential problem has been raised for the maximum input level requirements.

The potential impact on Adjacent Channel Selectivity (ACS), in-band blocking, narrow-band blocking, intermodulation and narrow-band intermodulation requirements have been analyzed in detail based on the cross modulation noise due to the Tx signal and jammer signal(s). The methodologies to simulate the cross modulation noise and to derive Rx core requirements have been presented. 

The potential impact on Rx core requirements due to IM3 noise from two-tone IP3 when the received signal is larger than 10 MHz, has been pointed out.  Once a two-tone IIP3 number is determined, the two-tone IM3 noise level should be examined and if non-negligible, included in the derivation of Rx core requirements.
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