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1 Introduction
In TSG-RAN#46 a new work item, “Four Carrier HSDPA”, was approved [1]. Initial discussion on the impact on UE requirements has been presented in [2],[3],[4]. In this contribution we analyse and discuss values of new RX core requirements for 4C-HSDPA for the initial scenarios defined in [5], listed below in Table 1.

	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


Table 1  Initial list of scenarios to study for 4C-HSDPA

2 Methodology for setting UE RX core requirements 
In [4], a detailed proposal was presented to derive UE RX core requirements in a systematic way. The derivation is based on effects of

· Thermal noise

· Cross-modulation noise for the different blocker signals

· RX band noise due to TX spectral regrowth. 

We agree to this methodology in principle, but details on specific numbers must of course be reviewed carefully in order to come up with appropriate levels for the requirements. Also, already existing requirements for DC-HSDPA, DB-DC-HSDPA, and DC-HSUPA should be considered where they can be reused. A 4C-HSDPA capable terminal should be expected to fulfill also these requirements where applicable, and thus it may not be necessary to derive new requirements solely for 4C-HSDPA in all cases. This is especially the case when single carrier UL is used, since this will closely relate to the DC-HSDPA and DB-DC-HSDPA cases. However, dual carrier UL has not been defined in Rel.9 in connection with dual-band operation. As a consequence changes caused by increased insertion losses may be needed.

The proposed methodology does not include all phenomena that affect the UE performance in the presence of blocker signals. Several other physical effects not accounted for may be more or less relevant for different tests in different bands, thus one cannot expect the proposed methodology to cover all cases with equal precision. Especially for single carrier UL, both the cross-modulation noise and the TX noise are relatively less dominant compared to the dual carrier case. Thus we tentatively propose to reuse the relevant test cases for DC-HSDPA and DB-DC-HSDPA when operating with a single carrier UL, at least for the band scenarios that are currently defined in Table 1. However, effects due to increased bandwidth on e.g. filtering requirements may have to be reconsidered before this assumption can be finally accepted. For dual carrier UL, it is proposed that the methodology in [4] is adopted. Since the requirements agreed in [6] were derived based on erroneous simulation results, it is proposed to revisit these, both for DC-HSUPA and for 4C-HSDPA. Furthermore, a difference between the DC-HSUPA and the 4C-HSDPA requirements is the potential increase of an additional 1 dB insertion loss for the Band II+IV scenarios.

The parameters that were used when deriving the blocking and intermodulation requirements for DC-HSUPA will be used also in this work, see the table below. 
	Tx power @ antenna
	20 dBm

	Tx Insertion loss 
	4 dB

	Rx Insertion loss
	4 dB

	Duplexer isolation at RX frequency
	45 dB

	Duplexer isolation at TX frequency
	50 dB

	RX IIP3
	-10 dBm


The following values of Rx band noise due to Tx spectral regrowth were used:

	Band V
	-96.1 dBm/3.84 MHz


For Rel.9 DB-DC-HSDPA operation in Band II+IV, it was acknowledged that 1 dB additional insertion loss could be assumed as a consequence of including a quadplexer in a typical front-end architecture. This was reflected in a REFSENS relaxation of 1 dB compared to legacy single band operation. It has been proposed in [4] to add also 0.5 dB insertion loss for the Band I+V and Band I+VIII scenarios, and in [7] to have the insertion losses also impose an additional MPR. However, since these proposals have not been agreed upon, we suggest that they are not accounted for in this work. If RAN4 agrees to these changes, the results in this contribution need to be revisited accordingly. 
2.1 Reference sensitivity level
It was suggested in [3] that the requirements for reference sensitivity that were developed for previous dual-carrier modes in Rel.8 and 9 can be reused for 4C-HSDPA. This includes the additional reference sensitivity relaxation for terminals supporting specific band combinations. This currently applies only to the combination of Band II+IV where 1 dB relaxation is specified, but relaxations for other band combinations may be specified in the future. It is proposed that the reference sensitivity levels defined using a single carrier UL are reused, and that they be used as the reference point for the wanted signal levels in the blocking and intermodulation requirements. 
No receiver sensitivity requirement was derived in Rel.9 for DC-HSUPA operation, and currently it is assumed to hold also for dual carrier UL operation in the 4C-HSDPA case. This may however be reconsidered in the future. 
2.2 Adjacent channel selectivity
For single carrier UL operation, it is tentatively proposed to reuse the DC-HSDPA and DB-DC-HSDPA requirements, including the relation between the wanted signal level and REFSENS. 
For dual carrier UL operation, no requirement was included in Rel.9, and tentatively we propose not to introduce any requirements for 4C-HSDPA either. Should this be reconsidered, however, the methodology in [4] may be used as a starting point. 
2.3 In-band blocking 
For single carrier UL operation, it is proposed to reuse the DC-HSDPA and DB-DC-HSDPA requirements, including the relation between the wanted signal level and REFSENS.
For dual carrier UL operation, simulations of the cross-modulation noise and the corresponding requirements using the methodology in [4] are listed below. The 1 dB increased insertion loss has been used for bands II and IV. Note that no requirement is specified for band VIII, since dual carrier operation in this band is not included in the scenarios in Table 1. 
	Band
	I
	II
	IV
	V

	Xmod noise [dBm]
	-106.0
	-106.0
	-106.0
	-106.0

	Simulated Ior [dBm] 
	-100.9
	-99.2
	-100.5
	-99.4

	Single UL Ior requirement [dBm]
	-99.7
	-96.7
	-98.7
	-97.7


Since in all cases, the simulations indicate a lower input level than the ones corresponding to single carrier UL signal, we propose that the latter be used also when using a dual carrier UL signal in the particular band.

2.4 Narrow-band blocking

For single carrier UL operation, it is proposed to reuse the DC-HSDPA and DB-DC-HSDPA requirements, including the relation between the wanted signal level and REFSENS.

For dual carrier UL operation, simulations of the cross-modulation noise and the corresponding requirements using the methodology in [4] are listed below. The 1 dB increased insertion loss has been used for bands II and IV. Note that no requirement is specified for band VIII, since dual carrier operation in this band is not included in the scenarios in Table 1.
	Band
	II
	IV
	V

	Xmod noise [dBm]
	-95.0
	-95.0
	-95.0

	Simulated Ior [dBm] 
	-92.8
	-93.0
	-93.6

	Single UL Ior requirement [dBm]
	-89.7
	-91.7
	-90.7


Since in all cases, the simulations indicate a lower input level than the ones corresponding to single carrier UL signal, we propose that the latter be used also when using a dual carrier UL signal in the particular band.
2.5 Intermodulation

For single carrier UL operation, it is proposed to reuse the DC-HSDPA and DB-DC-HSDPA requirements, including the relation between the wanted signal level and REFSENS.

For dual carrier UL operation, simulations of the cross-modulation noise and the corresponding requirements using the methodology in [4] are listed below. The 1 dB increased insertion loss has been used for bands II and IV. Note that no requirement is specified for band VIII, since dual carrier operation in this band is not included in the scenarios in Table 1.

	Band
	I
	II
	IV
	V

	Xmod noise [dBm]
	-96.6
	-96.6
	-96.6
	-96.6

	Simulated Ior [dBm] 
	-95.2
	-94.0
	-94.4
	-94.8

	Single UL Ior requirement [dBm]
	-99.7
	-96.7
	-98.7
	-97.7


Since in all cases, the simulations indicate a higher input level than the ones corresponding to single carrier UL signal, we propose that the former be used also when using a dual carrier UL signal in the particular band.
2.6 Narrow-band intermodulation
For single carrier UL operation, it is proposed to reuse the DC-HSDPA and DB-DC-HSDPA requirements, including the relation between the wanted signal level and REFSENS.

For dual carrier UL operation, simulations of the cross-modulation noise and the corresponding requirements using the methodology in [4] are listed below. The 1 dB increased insertion loss has been used for bands II and IV. Note that no requirement is specified for band VIII, since dual carrier operation in this band is not included in the scenarios in Table 1.

	Band
	II
	IV
	V

	Xmod noise [dBm]
	-77.2
	-77.2
	-77.2

	Simulated Ior [dBm] 
	-75.7
	-75.7
	-76.7

	Single UL Ior requirement [dBm]
	-89.7
	-91.7
	-90.7


Since in all cases, the simulations indicate a higher input level than the ones corresponding to single carrier UL signal, we propose that the former be used also when using a dual carrier UL signal in the particular band.

3 Conclusion

This contribution presents proposals for new RX core requirements. It is tentatively proposed to reuse the existing requirements for DC-HSDPA and DB-DC-HSDPA where applicable for the case when single carrier UL signal is used. Simulations have been performed to derive new requirements for blocking and intermodulation when dual carrier UL signal is used. It is FFS whether also other phenomena and design considerations need to be considered before finalizing the RX core requirements for 4C-HSDPA. 
4 References

[1] RP-091438, “Four carrier HSDPA”, Work item description
[2] R4-100825, “4C-HSDPA Introduction – Impact on UE requirements”, Ericsson, ST-Ericsson
[3] R4-101247, “Analysis of UE Requirements for Introducing 4C-HSDPA”, Ericsson, ST-Ericsson
[4] R4-101296, “Rx core requirements for 4C-HSDPA”, Qualcomm incorporated
[5] RP-100394, “Feedback on Band Combination Scenarios for Four Carrier HSDPA”, TSG RAN
[6] R4-101060, “Introduction of Rx core requirements for DC-HSUPA”, Qualcomm Incorporated, ST-Ericsson, Nokia, Ericsson
[7] R4-101297, “Tx core requirements for 4C-HSDPA”, Qualcomm incorporated































































































































































































































































































































































