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1
Introduction
In RAN4#57, Rx core requirements for 4C-HSDPA including REFSENS, maximum input level, ACS, in-band blocking, narrow-band blocking, out-of-band blocking, intermodulation, and narrow-band intermodulation, were introduced [1]. Some of the requirements for I/VIII and I/V band combinations are still under discussion and left as TBD. In addition, one open issue was also stated in [1] as follows: 

For the Rx core requirements with single uplink operation, the requirement is defined relative to REFSENS. In this case, whenever there is an additional loss in the terminal due to the support of DB-DC-HSDPA or dual and 4C-HSDPA, certain amount of de-sensitization is applied. This will correspondingly result in other Rx core requirements relaxation.

On the other hand, for the Rx core requirements with dual uplink operation, the requirement is specified in absolute number. In this case, no REFSENS is available for dual uplink operation and there is no way to apply this additional relaxation due to additional insertion loss. This issue will be addressed in the next RAN4 meetings.
In TS 25.101, the Rx core requirements are specified with dual uplink operation for the following cases:

· DC-HSUPA
· Single band 4C-HSDPA

· Dual band 4C-HSDPA

In case of dual band 4C-HSDPA, Rx core requirements are already specified accounting for the additional insertion loss due to the use of a diplexer/quadplexer. However, DC-HSUPA and single band 4C-HSDPA requirements are specified with the assumption that the UE is capable of only single band operation for that band. Therefore, when the UE also supports DB-DC-HSDPA or dual band 4C-HSDPA, the DC-HSUPA and single band 4C-HSDPA Rx core requirements for the corresponding bands need to be re-specified accounting for the additional insertion loss. In this contribution, DC-HSUPA and single band 4C-HSDPA Rx core requirements with dual uplink operation will be analyzed for a dual band capable UE.
2
Assumptions

Rx core requirements will be derived based on the cross modulation noise, thermal noise and Rx band noise. The detailed methodology is described in [2]. The following additional insertion loss will be assumed for each dual band capable UE.
Table 1: Additional insertion loss for a dual band capable UE

	Band Combination
	DB-DC-HSDPA Configuration
	Dual Band 4C-HSDPA Configuration
	Additional Insertion Loss

[dB]

	I/VIII
	1
	I-2-VIII-1

I-3-VIII-1
	0.5

	II/IV
	2
	II-1-IV-2

II-2-IV-1

II-2-IV-2
	1

	I/V
	3
	I-1-V-2

I-2-V-1

I-2-V-2
	0.5


3
DC-HSUPA Rx Core Requirements for a Dual Band Capable UE
In this section, DC-HSUPA Rx core requirements of bands I, II, IV, V and VIII for a dual band capable UE will be presented.
· Band I requirement is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of I/VIII or I/V band combinations.
· Band II requirement is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of II/IV band combination.

· Band IV requirement is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of II/IV band combination.

· Band V requirement is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of I/V band combination.

· Band VIII requirement is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of I/VIII band combination.

3.1
In-band Blocking
Table 2 shows in-band blocking requirements together with input-referred thermal, cross modulation and Rx band noise at the LNA input.

· Blue letter in the “Relaxation” row means less relaxation than the assumed additional insertion loss.

· Black letter in the “Relaxation” row means relaxation is the same as the assumed additional insertion loss.

· Red letter in the “Relaxation” row means more relaxation than the assumed additional insertion loss.

Table 2: DC-HSUPA in-band blocking requirements for a dual band capable UE

	Bands
	Unit
	I
	II
	IV
	V
	VIII

	Thermal Noise
	dBm/3.84MHz
	-103.2
	-101.2
	-103.2
	-101.2
	-100.2

	Xmod Noise
	dBm/3.84MHz
	-105.4
	-104.9
	-104.9
	-105.4
	-105.4

	Rx Band Noise
	dBm/3.84MHz
	N/A
	N/A
	N/A
	-95.8
	-91.8

	Existing Requirements
	dBm/3.84MHz
	-99.7
	-97.7
	-99.7
	-94
	-90.8

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-99.7
	-96.7
	-98.7
	-93.3
	-90

	Relaxation
	dB
	0
	1
	1
	0.7
	0.8


3.2
Narrow-band Blocking

Table 3 shows narrow-band blocking requirements together with input-referred thermal, cross modulation and Rx band noise at the LNA input.

Table 3: DC-HSUPA narrow-band blocking requirements for a dual band capable UE

	Bands
	Unit
	II
	IV
	V
	VIII

	Thermal Noise
	dBm/3.84MHz
	-101.2
	-103.2
	-101.2
	-100.2

	Xmod Noise
	dBm/3.84MHz
	-92.5
	-92.5
	-93
	-91.7

	Rx Band Noise
	dBm/3.84MHz
	N/A
	N/A
	-95.8
	-91.8

	Existing Requirements
	dBm/3.84MHz
	-90.7
	-92.5
	-90.6
	-88.2

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-89.7
	-90.6
	-89.7
	-87.4

	Relaxation
	dB
	1
	1.9
	0.9
	0.8


3.3
Intermodulation

Table 4 shows intermodulation requirements together with input-referred thermal, cross modulation and Rx band noise at the LNA input.

Table 4: DC-HSUPA intermodulation requirements for a dual band capable UE

	Bands
	Unit
	I
	II
	IV
	V
	VIII

	Thermal Noise
	dBm/3.84MHz
	-103.2
	-101.2
	-103.2
	-101.2
	-100.2

	Xmod Noise
	dBm/3.84MHz
	-96.4
	-95.9
	-95.9
	-96.4
	-96.4

	Rx Band Noise
	dBm/3.84MHz
	N/A
	N/A
	N/A
	-95.8
	-91.8

	Existing Requirements
	dBm/3.84MHz
	-94.4
	-94.1
	-94.4
	-91.7
	-89.5

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-94.4
	-93.2
	-93.6
	-91.4
	-89

	Relaxation
	dB
	0
	0.9
	0.8
	0.3
	0.5


3.4
Narrow-band Intermodulation

Table 5 shows narrow-band intermodulation requirements together with input-referred thermal, cross modulation and Rx band noise at the LNA input.

Table 5: DC-HSUPA narrow-band intermodulation requirements for a dual band capable UE

	Bands
	Unit
	II
	IV
	V
	VIII

	Thermal Noise
	dBm/3.84MHz
	-101.2
	-103.2
	-101.2
	-100.2

	Xmod Noise
	dBm/3.84MHz
	-76
	-76
	-76.5
	-75.5

	Rx Band Noise
	dBm/3.84MHz
	N/A
	N/A
	-95.8
	-91.8

	Existing Requirements
	dBm/3.84MHz
	-76.4
	-76.4
	-76.4
	-75.3

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-74.4
	-74.4
	-75.4
	-74.3

	Relaxation
	dB
	2
	2
	1
	1


4
Single Band 4C-HSDPA Rx Core Requirements with Dual Uplink Operation for a Dual Band Capable UE

In this section, single band 4C-HSDPA Rx core requirements of bands I with dual uplink operation will be presented for a dual band capable UE.

· Single band 4C-HSDPA I-3 requirement in this section is for a UE that supports any DB-DC-HSDPA or dual band 4C-HSDPA configurations comprising of I/VIII or I/V band combinations.

4.1
In-band Blocking

Table 6 shows in-band blocking requirements. In this case, single band 4C-HSDPA I-3 requirement becomes same as band I requirement in dual band 4C-HSDPA I-3-VIII-1 requirement.
Table 6: Single band 4C-HSDPA in-band blocking requirements for a dual band capable UE

	Single band 4C-HSDPA Configuration
	Unit
	I-3

	Existing Requirements
	dBm/3.84MHz
	-99.7

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-99.7

	Relaxation
	dB
	0


4.2
Intermodulation

Table 7 shows intermodulation requirements. In this case, single band 4C-HSDPA I-3 requirement becomes same as band I requirement in dual band 4C-HSDPA I-3-VIII-1 requirement.
Table 7: Single band 4C-HSDPA intermodulation requirements for a dual band capable UE

	Single Band 4C-HSDPA Configuration
	Unit
	I-3

	Existing Requirements
	dBm/3.84MHz
	-95.4

	Dual Band Capable UE Requirements
	dBm/3.84MHz
	-94.6

	Relaxation
	dB
	0.8


5
Way Forward

For the Rx core requirements with single uplink operation, the requirement is defined relative to REFSENS. In this case, whenever there is REFSENS de-sensitization in the terminal due to the support of DB-DC-HSDPA or dual and 4C-HSDPA, it will correspondingly result in the relaxation of other Rx core requirements.
As shown in Section 4 and 5, the amount of needed relaxation in DC-HSUPA or single band 4C-HSDPA Rx core requirements with dual uplink operation is not exactly same as the assumed additional insertion loss. Particularly if the cross mod noise is dominant over thermal and Rx band noise, the amount of needed relaxation is twice the additional insertion loss. For example, narrow band intermod requirement needs 2 dB relaxation for bands II and IV assuming 1 dB additional insertion loss.
However, in order not to make the specification too complicated, we can still consider applying the simple rule similarly as in the case of single uplink operation. For the case when we need more relaxation than the assumed additional insertion loss, the vendor needs to absorb it into their implementation margin. Therefore, it is proposed that, for a dual band capable UE, DC-HSUPA and single band 4C-HSDPA Rx core requirements with dual uplink operation be introduced with the relaxation corresponding to the additional insertion loss assumed in Table 1.
6
Conclusions

In this contribution, DC-HSUPA and single band 4C-HSDPA Rx core requirements with dual uplink operation have been analyzed for a dual band capable UE.

Proposal: For a dual band capable UE, introduce DC-HSUPA and single band 4C-HSDPA Rx core requirements with dual uplink operation with the relaxation corresponding to the additional insertion loss assumed in Table 1.
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