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1
Introduction

In this contribution, we discuss the impact of CQI/PCI feedback cycle on MIMO performance. When a UE is configured in DC-HSDPA+MIMO mode, the CQI/PCI feedback cycle is 4 ms (2 TTIs). In [1], [2], proposals have been made to halve the PCI/CQI feedback cycle when one of the two carriers is de-activated for a DC-HSDPA+MIMO UE.

In this contribution, we investigate further the benefits of this proposal, by evaluating the the loss in MIMO cell throughput as a function of CQI/PCI feedback cycle.

2
Summary of Proposals in [1],[2]
In [1], with regard to modification of CQI feedback cycle when DC-HSDPA and MIMO is configured, the following was proposed:

Proposal: Physical layer shall halve the measurement feedback cycle of serving HS-DSCH cell if secondary carrier is deactivated in DC-MIMO operation.
During the discussion of [1], the following was argued:

· There could be scenarios where the network wants the measurement feedback cycle to be the same irrespective of whether the secondary carrier is deactivated or not
· Due to the fact that the minimum CQI feedback cycle = 4ms in the case when 2 MIMO carriers are active, the proposal seems to apply only for this case.

As a compromise, in [2], the following proposal was made with regard to modification of CQI feedback cycle when DC-HSDPA and MIMO is configured:
· If signalled CQI feedback cycle is 2 ms:

· Apply 2 ms cycle when secondary serving HS-DSCH cell is deactivated.

· Apply 4 ms cycle when secondary serving HS-DSCH cell is activated.

· If signalled CQI feedback cycle is >2 ms:

· Apply the signalled CQI feedback cycle.

In the next section, we evaluate the sensitivity in downlink system performance due to the above proposal.
3
System Simulation Assumptions
Table 1: DL 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

	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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                                                                              = 70 degrees,

                                                                       Am = 20 dB

	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 60% 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 PCI, CQI and ACK decoding

CQI feedback cycle = 1, 2, 4 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=1. 

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per cell
	1, 2, 4, 8, 16


3
Effect of CQI/PCI Feedback Cycle

Figure 1 shows the downlink cell throughput as a function of CQI/PCI feedback cycle. Between a CQI feedback cycle of 1 to 2 TTIs (2 ms to 4 ms), the performance degradation is small. As we increase the CQI/PCI feedback cycle from 2 to 4 TTIs (4ms to 8ms), the performance degradation becomes more significant. This is intuitive. 
When the CQI/PCI feedback cycle is 2 ms (1 TTI), each reported CQI/PCI is used only over 1 TTI. When the CQI/PCI feedback cycle is 2 TTIs, each reported CQI/PCI is used over one extra TTI (2 TTIs). However, when the CQI/PCI feedback cycle is increased to 4 TTIs from 2 TTIs, the outdated CQI/PCI will be used for 2 extra TTIs. The scheduler would be using the outdated CQI/PCI over 8 ms as opposed to 4 ms. 

For example, if there are 20 users in a cell, each of the 20 users has an up-to-date CQI/PCI in every TTI when the CQI/PCI feedback cycle is 1 TTI (2ms). With a CQI/PCI feedback cycle of 4ms, there are 10 users in every TTI with the most recent CQI/PCI, causing a small degradation in Proportional Fair scheduling. If the feedback cycle becomes 8 ms, this number falls to 5 users. The degradation resulting from this will be larger than that seen when the CQI/PCI feedback cycle increases from 2 ms to 4 ms.
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Figure 1. MIMO cell throughput Vs Number of Users per Cell

Figure 2 and Table 2 show the loss in throughput as a function of users per cell. As the number of users per cell increases, the loss reduces, as multi-user diversity kicks in. 
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Figure 2: Loss in Cell throughput Vs Number of Users/Cell
	Users per Cell
	Cell Throughput Loss (%)

(CQI/PCI FBC 2 Vs 1)
	Cell Throughput Loss (%)

(CQI/PCI FBC 4 Vs 2)
	Cell Throughput Loss (%)

(CQI/PCI FBC 4 Vs 1)

	1
	1.8
	4.5
	6.2

	2
	1.5
	3.9
	5.3

	4
	1.3
	3.2
	4.4

	8
	1
	2.6
	3.6

	16
	0.6
	1.9
	2.5


Table 2: Loss in Cell Throughputs Vs Number of Users per Cell

Cell throughput loss shown in [2] is in the ballpark of our observation. The BLER gains shown in [2] are likely the result of lack of an HS-PDSCH outer-loop. Without an outer loop, the BLER for different feedback cycles is expected to be different and the comparison done in [2] is therefore likely to be unfair. The BLER gain shown in [2] is actually quite small and not significant enough to warrant support for the proposals in [2]. 
4
Conclusion

A single carrier downlink system simulation was performed to evaluate the sensitivity in MIMO cell throughput as a function of CQIPCI feedback cycle. The MIMO cell throughput loss when CQI/PCI feedback cycle is increased from 1 TTI to 2 TTIs is small. The loss increases when we increase the CQI/PCI feedback cycle from 2 TTIs to 4 TTIs. The loss in cell throughput reduces with increase in number of users per cell, due to multi-user diversity. 
Hence, based on this evaluation, the benefit associated with the proposal in [2] appears to be quite limited. Furthermore, in the case of DC-HSDPA+MIMO, if a minimum CQI feedback cycle = 4ms is deemed good enough when 2 carriers are active, we wonder why it is not good enough when the secondary carrier is de-activated.
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