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1 Introduction

CSI feedback mechanisms in LTE have been designed to optimize the performance in environments associated with macro deployments scenarios defined by 3GPP, but in more realistic scenarios, and in current foreseen HetNet deployments, new CSI reporting procedures could be designed best adapted to the actual operational conditions.
As exposed in [1] more realistic scenarios, in dense urban areas with hot spot zones (scenarios in which high order MIMO are more used), the coherence bandwidth presented by the channel could be much higher than within macro deployment assumptions.

In this contribution we propose a new way to report the CQI parameter in both periodic and aperiodic procedures for LTE-Advanced systems, targeting to take advantage of large coherence bandwidth scenarios. To do so, we define a new parameter denominated ABW (Allocable BandWidth), aiming to resources saving in the previously mentioned realistic scenarios with high coherence bandwidth.

2 Discussion

In order to diminish the CQI reporting bits, in high coherence bandwidth scenarios a new parameter ABW (Allocable BandWidth ) is proposed, being its definition: “the bandwidth over which adjacent uplink resources can be allocated with a CQI that is better than the wideband CQI” (ABW_CQI > Wideband CQI), where Wideband CQI is the CQI to be used if all the resources in the uplink were assigned to a single UE.
In order to complete the feedback information, the ABW_CQI report is proposed to be composed of three values:

· CQI value, which takes a value between 0 and 15, and is coded with 4 bits. It has the same meaning as the standard CQI defined in [1].
· Starting PRB. It corresponds to the PRB with the lowest value that defines the ABW.
· Number of adjacent PRBs that constitute the ABW. It should roughly correspond to the coherence bandwidth of the channel.
The ABW_CQI report may be supported for both periodic and aperiodic CQI reporting.
In order to be effective the reduction of resources needed to code the ABW_CQI report (compared with current standard), a minimum size of the ABW is needed, depending on the system bandwidth employed. The following table collects the minimum ABW size values as a function of the system bandwidth for both periodic and aperiodic CQI reporting (i.e., transmitted over the PUCCH or the PUSCH, respectively).
	System bandwidth
	ABW minimum size (RBs)

	6-7
	NA

	8-10
	2

	11-26
	6

	27-63
	15

	64-110
	24


The ABW_CQI report needs only two bytes to be coded. Starting PRB and Number of PRBs are coded together with a 12 bit identifier, the remaining four bits being reserved for the CQI value. Therefore the UE reports the ABW size and location and the CQI value, which could be estimated in such a way that the capacity is maximized for the UE, ie this will be the case if:
P = Max(Size(ABWi)•Bit rate(CQIi))   for all feasible combinations (i)
Depending on the coherence bandwidth of the channel seen by the UEs in actual deployment scenarios, a significant saving in resources is possible with this CSI reporting mechanism. To elucidate this, simulations were carried out over a real scenario in Barcelona, considering both macro and micro cells located at their actual sites. The macro scenario comprised 50 real macro cells, and the micro, 98 cells. A ray-tracing propagation tool was used to obtain the wideband channel frequency response at each point, and a number of users were randomly (and uniformly) distributed throughout the cell in a Monte Carlo fashion. The number of users in each cell was varied between 20 and 50 simultaneous users. 

If the number of RBs where the channel could be considered as flat was greater than the ABW minimum size previously mentioned, the proposed ABW_CQI report was used, and the simulator noted the number of bits needed to send that report. Otherwise, the conventional scheme was applied as described in [2], both for the cases of “UE-selected subband feedback” and “Higher-layer configured subband feedback” in aperiodic CQI reporting mode.
These simulation scenarios are the same used in [1], in which the delay spread values obtained were presented, as shown in next two figures. In these scenarios the coherence bandwidth, accordingly with the definitions given in [4], are:

· For the macro scenario (mean ISD 420m ), corresponding with time delays of  aprox. 0.120 s, coherence bandwidth will range between 167kHz (for 90% correlation) and 1,7MHz (for 50% correlation)

· For micro scenario (mean ISD 250 m),  corresponding with time delays of aprox, 0.08 s coherence bandwidth will range between 250kHz (for 90% correlation) and 2.5MHz (for 50% correlation)
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The following figure shows the percentage of users whose coherence bandwidth is high enough so as to apply the proposed ABW_CQI reporting mechanism. In the macro case about 31% users would use the proposed scheme, and in the micro case more than 65% users would use it.
There is therefore a significant number of users that could benefit on the proposed CSI feedback reduction in the analyzed real deployment scenario.
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If the proposed mechanism is adopted, there will be a reduction of bits needed for CSI feedback information (maintaining of course the same performance) which will depend on the scenario and on the CQI feedback mechanism of reference. 
The mean associated number of overhead signaling bits that could be reduced on CQI messages per each user are represented in the next figure, for both scenarios and the two reference feedback mechanisms. It is apparent that the highest resource saving is obtained in the micro scenario, with 7.8 saved bits and 5.2 saved bit per user for the cases of higher-layer configured and UE-selected subband feedback, respectively. The macro case achieves a lower saving, with 3.8 saved bits for higher-layer subband feedback and 2.5 saved bits for UE-selected subband feedback. This is consistent with the fact that micro cells have a reduced rms delay spread.
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3 Conclusion
The analysis of real deployment scenarios with the aid of 3D ray tracing techniques show that:

· The ray-tracing propagation tools estimate rms delay spread values which are lower than in the usual ITU channel models.
· The use of alternative CSI reporting modes, such as the one proposed in this contribution, may achieve a significant saving in resources, especially in micro scenarios where the coherence bandwidth is higher. 

Based on these results, we propose two actions:
· Verify that there are a significant number of operational scenarios where the conditions of high coherence bandwidth are met. Beyond small intersite distance macro cells and outdoor micro cells, indoor deployment scenarios are also candidates.

· Take into consideration new alternative CSI reporting mechanisms, such as the one proposed in the present contribution, which may take advantage of the high coherence bandwidths encountered in practice in order to reduce the amount of signalling bits in PUCCH or PUSCH.
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