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1
Introduction
In [1], the detailed analysis of Rx core requirements for 4C-HSDPA was provided. This contribution continues the discussion for the remaining topics that were not addressed in [1]. 
2
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 all the carriers becomes -19 dBm. This might be problematic from an analog front-end design point of view. 
Typically the received signal will be handled separately for each band. Therefore, the total maximum input level requirement is desirable to be defined per band. In LTE [2], the requirement is kept at -25 dBm regardless of the channel bandwidth. We would like to keep the same principle for 4C-HSDPA. It is proposed that the maximum input level requirement shall be met with the wanted signal mean power per band of -25 dBm.
Proposal 1: The maximum input level requirement shall be met with the wanted signal mean power per band of -25 dBm.

3
Out-of-band Blocking

Similarly as Rel-8 DC-HSDPA and Rel-9 DB-DC-HSDPA, the requirements can be extended in the same manner. That is, the same requirements shall be met for 4C-HSDPA with the same number of exceptions per received cell allowed. Similarly as Rel-9 DC-HSUPA, we can keep the requirement applicable only for a single uplink frequency operation, since the cross modulation noise falling in the UE receive band might not be affected by the bandwidth of the transmitted signal considering the large distance of the jammer signal from the UE receive band.
Proposal 2:
The existing out-of-band blocking requirements shall be met for 4C-HSDPA with the same number of exceptions per received cell allowed. The requirement is not applicable for dual uplink carrier frequencies.

4
Further Discussion on IP3
As mentioned in [1], for a 15 MHz or 20 MHz receiver (4C-HSDPA scenario with 3 or 4 carriers within a band), self-IM3 noise in the jammer needs to be included in the analysis. The scenario 2 and 3 in a prioritized list from TSG RAN [4] in Table 1 belong to these cases and they are still under investigation.
Table 1: Prioritized 4C-HSDPA band combinations [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


5
Rx Core Requirements
Two changes will be made compared to the results shown in [1].

· The numbers for the scenarios 2 and 3 are replaced with FFS.

· REFÎor for bands II an IV will be corrected. In [1], 1 dB REFSENS relaxation for bands II/IV has been accounted for twice by mistake.
Other than two changes, all the procedures to derive the Rx core requirements are exactly same as in [1]. For the details, refer to [1]. The difference will be highlighted below.
5.1
Single Uplink Operation

Section 5.1 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 5.1.1 and the derivation of each requirement using the steps in [1] 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 [1]
· 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.
5.1.1
Cross Modulation Noise

The cross modulation noise measured from simulation is shown in Table 2.
Table 2: 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
	FFS
	FFS
	-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
	FFS
	FFS
	-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
	FFS
	FFS
	-97.2
	-96.7
	-96.7
	-96.7
	-96.7
	-97.2
	-97.2
	-97.2

	ACS Case 2
	FFS
	FFS
	-69.4
	-69.2
	-69.2
	-69.2
	-69.2
	-69.4
	-69.4
	-69.4


5.1.2
In-band Blocking

The in-band blocking requirements are shown in Table 3. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

Table 3: 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
	FFS
	FFS
	-102.1
	-99.6
	-99.6
	-101.6
	-101.6
	-100.1
	-100.1
	-99.1

	Existing Spec (REFÎor+3dB)
	-99.7
	-99.2
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-96.2

	Relaxation
	FFS
	FFS
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9
	-2.9

	Proposed Requirements
	FFS
	FFS
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-96.2


5.1.3
Narrow-band Blocking

The narrow-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.

Table 4: 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
	-94.3
	-94.3
	-94.8
	-94.8
	-95.1
	-95.1
	-94.3

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-89.7
	-89.7
	-91.7
	-91.7
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	-4.6
	-4.6
	-3.1
	-3.1
	-4.9
	-4.9
	-5.1

	Proposed Requirements
	N/A
	N/A
	N/A
	-89.7
	-89.7
	-91.7
	-91.7
	-90.2
	-90.2
	-89.2


5.1.4
Intermodulation

The intermodulation 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: 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
	FFS
	FFS
	-102.1
	-99.6
	-99.6
	-101.6
	-101.6
	-98.2
	-98.2
	-97.6

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-96.2

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

	Proposed Requirements
	FFS
	FFS
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-96.2


5.1.5
Narrow-band Intermodulation

The narrow-band intermodulation requirements are shown in Table 6. 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 6: 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
	-89.7
	-89.7
	-91.7
	-91.7
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	6.5
	6.5
	8.4
	8.4
	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


5.1.6
ACS Case 1

The ACS Case 1 requirements are shown in Table 7. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

Table 7: 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
	FFS
	FFS
	-95.2
	-93.8
	-93.8
	-94.3
	-94.3
	-94.7
	-94.7
	-94.4

	Existing Spec (REFÎor +14dB)
	-88.7
	-88.2
	-88.2
	-85.7
	-85.7
	-87.7
	-87.7
	-86.2
	-86.2
	-85.2

	Relaxation
	FFS
	FFS
	-7
	-8.1
	-8.1
	-6.6
	-6.6
	-8.5
	-8.5
	-9.2

	Proposed Requirements
	FFS
	FFS
	-88.2
	-85.7
	-85.7
	-87.7
	-87.7
	-86.2
	-86.2
	-85.2


5.1.7
ACS Case 2

The ACS Case 2 requirements are shown in Table 8. It is shown that the existing requirements can be reused for 4C-HSDPA scenarios in Table 1.

Table 8: 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
	FFS
	FFS
	-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
	-58.7
	-58.7
	-60.7
	-60.7
	-59.2
	-59.2
	-58.2

	Relaxation
	FFS
	FFS
	-7.1
	-8.9
	-8.9
	-6.9
	-6.9
	-9.1
	-9.1
	-10.1

	Proposed Requirements
	FFS
	FFS
	-61.2
	-58.7
	-58.7
	-60.7
	-60.7
	-59.2
	-59.2
	-58.2


5.2
Dual Uplink Operation

Section 5.2 investigates the Rx core requirements for 4C-HSDPA with dual uplink operation. The simulation results of the cross modulation noise are shown in section 5.2.1, the Rx band noise due to DC-HSUPA transmission is presented in section 5.2.2, and the derivation of each requirement using the steps in [1] 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.

5.2.1
Cross Modulation Noise

The cross modulation noise measured from simulation is shown in Table 9.
Table 9: 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
	FFS
	FFS
	-105.3
	-104.8
	-104.8
	-104.8
	-104.8
	-105.3
	-105.3
	-105.3
	-105.3

	Narrow-band Blocking
	 N/A
	N/A 
	N/A
	-92.5
	-92.5
	-92.5
	-92.5
	-93
	-93
	-93
	-91.5

	Intermod
	FFS
	FFS
	-96.4
	-95.9
	-95.9
	-95.9
	-95.9
	-95.7
	-95.7
	-95.7
	-95.7

	Narrow-band Intermod
	 N/A
	N/A 
	N/A
	-76
	-76
	-76
	-76
	-76.5
	-76.5
	-76.5
	-75.5


5.2.2
Rx Band Noise due to DC-HSUPA transmission
The Rx band noise for band V DL is shown in Table 10, 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 -94.1 dBm/3.84 MHz.
Table 10: 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


5.2.3
In-band Blocking

The in-band blocking requirements are shown in Table 11. 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.

Table 11: 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
	FFS
	FFS
	-100.1
	-98.1
	-98.1
	-99.4
	-99.4
	-98.7
	-92.8
	-98.7
	-104.5

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-97.2
	-96.2

	Relaxation
	FFS
	FFS
	-0.9
	-1.4
	-1.4
	-0.7
	-0.7
	-1.5
	4.4
	-1.5
	-8.3

	Proposed Requirements
	FFS
	FFS
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-92.8
	-97.2
	-96.2


5.2.4
Narrow-band Blocking

The narrow-band blocking requirements are shown in Table 12. 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 12: 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
	-90.4
	-90.4
	-90.6
	-90.6
	-91.3
	-89.5
	-91.3
	-89.9

	Existing Spec (REFÎor +10dB)
	N/A
	N/A
	N/A
	-89.7
	-89.7
	-91.7
	-91.7
	-90.2
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	-0.7
	-0.7
	1.1
	1.1
	-1.1
	0.7
	-1.1
	-0.7

	Proposed Requirements
	N/A
	N/A
	N/A
	-89.7
	-89.7
	-90.6
	-90.6
	-90.2
	-89.5
	-90.2
	-89.2


5.2.5
Intermodulation

The intermodulation requirements are shown in Table13. 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.

Table 13: 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
	FFS
	FFS
	-94.5
	-93.2
	-93.2
	-93.6
	-93.6
	-93.6
	-90.8
	-93.6
	-93.3

	Existing Spec (REFÎor +3dB)
	-99.7
	-99.2
	-99.2
	-96.7
	-96.7
	-98.7
	-98.7
	-97.2
	-97.2
	-97.2
	-96.2

	Relaxation
	FFS
	FFS
	4.7
	3.5
	3.5
	5.1
	5.1
	3.6
	6.4
	3.6
	2.9

	Proposed Requirements
	FFS
	FFS
	-94.5
	-93.2
	-93.2
	-93.6
	-93.6
	-93.6
	-90.8
	-93.6
	-93.3


5.2.6
Narrow-band Intermodulation

The narrow-band intermodulation requirements are derived in Table 14. 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 14: 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
	-89.7
	-89.7
	-91.7
	-91.7
	-90.2
	-90.2
	-90.2
	-89.2

	Relaxation
	N/A
	N/A
	N/A
	15.3
	15.3
	17.3
	17.3
	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
Conclusions
This contribution continues the discussion for the remaining topics for 4C-HSDPA Rx core requirements that were not addressed in [1]. Maximum input level and out-of-band blocking requirements were discussed and the following proposals have been made:
Proposal 1: The maximum input level requirement shall be met with the wanted signal mean power per band of -25 dBm.

Proposal 2:
The existing out-of-band blocking requirements shall be met for 4C-HSDPA with the same number of exceptions per received cell allowed. The requirement is not applicable for dual uplink carrier frequencies.

In addtion, the numbers for Rx core requirements in [1] have been corrected.
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