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1
Introduction

In [1], a work item on 4C-HSDPA was recently introduced in RAN#46. As per the WI objective in [1], the following is stated:

Work should address the following main areas:

· 3-4 carrier solutions configured adjacent in one band where MIMO operation is configured for zero, some or all carriers

· 3-4 carrier solutions across 2 bands where carriers on each band are configured adjacent and where MIMO operation is configured for zero, some or all carriers. 

· Operation of non-adjacent carriers within single band arising from the deactivation of one or more configured carriers should be supported if considered feasible by RAN4
In this contribution, we study the distribution of the total power incident on a UE receive antenna (Io), when traffic is bursty. Rx carrier power imbalance is analyzed from the distribution of the ratio of Io on one carrier to the Io on all other carriers.
2
System Simulation Assumptions
System simulation assumptions are summarized in Table 1.
Table 1. System Simulation Assumptions

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Number of carriers per sector
	2, 4

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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	Channel Model
	PA3

Fading across all pairs of antennas is completely uncorrelated.

	Penetration loss
	10 dB

	CPICH Ec/Ior
	-10 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

- Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER, or 

	HS-DPCCH 
	9 slot CQI delay

CQI quantization is modeled

Error-free CQI and ACK decoding

CQI feedback cycle = 1 TTI

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	UE capabilities
	15 SF 16 codes capable per carrier

	UE Receiver Type
	Type 3

	Maximum Sector 

Transmit Power
	43 dBm per carrier

	Other Sector Transmit Power
	OCNS=realistic. All 57 cells are loaded with users and OCNS is time varying.

	Traffic model
	Bursty Traffic (with a fixed burst size of 1 Mb and exponential inter-arrival time of 5 sec)

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	44 users for 4MC simulation (around 50% slot utilization)
24 users for DC simulation (around 50% slot utilization)


3
Total power received by UE antenna
A downlink 4C-HSDPA system simulation was performed using the simulation assumptions shown in Table 1, where we did not apply any constraint for adjacent carrier operation in a UE.
Define R as follows, for a UE configured to receive on N-carriers on the DL:
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where i is the receive antenna and j is the carrier. 
Figure 1 shows that more than 80% of time R is less than 10 dB in 4C-HSDPA. We believe that the current state of the art RF and analogue technology can easily handle the amount of carrier power imbalance shown in the study without causing any performance degradation. 
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Figure 1. CDF of “R” (over 1 Rx Ant) for a DC and 4C UE (UE has RxDiv).
Note that while the simulations performed here did not assume activation or de-activation of the secondary carriers, from a UE front end receiver point of view, all that matters is the UE received power across the 3 remaining carriers, while the NodeB schedules a UE in a particular carrier. In other words, the UE does not distinguish between the following cases:
· All 3 secondary carriers are activated, and UE is scheduled on all 4 carriers

· All 3 secondary carriers are activated, and UE is scheduled on less than 4 carriers

· Less than 3 secondary carriers are activated, a de-activated yet configured carrier lies between a pair of activated carriers and the UE is scheduled on at least one activated carrier.

4
Conclusion

Based on the distribution of the ratio of Io on one carrier to the Io on all other carriers in 4C-HSDPA obtained via system simulation, we conclude that it is feasible to support operation of non-adjacent carriers within a single band arising from the deactivation of one or more configured carriers in 4C-HSDPA.
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