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1 Introduction
The CQI definition in LTE is specified based on the assumption of CRS based PDSCH transmission. A number of new features in LTE-A may impact the way how CQI should be defined and calculated. 

In Rel-10, the channel estimation for CQI calculation is based on CSI-RS. Unlike the CRS, CSI-RS is not available in every subframe. In the case of carrier aggregation, the CQI across different component carriers (or cells) may be quite different due to different frequency reuse, carrier frequency, or loading. If almost blank subframes are used in heterogeneous networks, the CQI across subframes can also be quite different. 

In this contribution, we discuss a few aspects of CQI definition for LTE-A.
2 The CQI in LTE
In LTE, the CQI indices and their interpretations are given in Table 1.
Table 1. LTE CQI table

	CQI index
	modulation
	code rate x 1024
	efficiency
	Effective SINR (dB)

	0
	out of range

	1
	QPSK
	78
	0.1523
	-7

	2
	QPSK
	120
	0.2344
	-5.1

	3
	QPSK
	193
	0.3770
	-3.2

	4
	QPSK
	308
	0.6016
	-1.3

	5
	QPSK
	449
	0.8770
	0.6

	6
	QPSK
	602
	1.1758
	2.5

	7
	16QAM
	378
	1.4766
	4.4

	8
	16QAM
	490
	1.9141
	6.2

	9
	16QAM
	616
	2.4063
	8.1

	10
	64QAM
	466
	2.7305
	10.0

	11
	64QAM
	567
	3.3223
	11.9

	12
	64QAM
	666
	3.9023
	13.8

	13
	64QAM
	772
	4.5234
	15.7

	14
	64QAM
	873
	5.1152
	17.6

	15
	64QAM
	948
	5.5547
	19.5


Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CQI reference resource, could be received with a transport block error probability not exceeding 0.1. 

A combination of modulation scheme and transport block size corresponds to a CQI index if:

· the combination could be signalled for transmission on the PDSCH in the CQI reference resource according to the relevant Transport Block Size table, and 

· the modulation scheme is indicated by the CQI index, and 

· the combination of transport block size and modulation scheme when applied to the reference resource results in the effective channel code rate which is the closest possible to the code rate indicated by the CQI index. If more than one combination of transport block size and modulation scheme results in an effective channel code rate equally close to the code rate indicated by the CQI index, only the combination with the smallest of such transport block sizes is relevant.

This CQI definition was designed to ensure the UEs from different vendors to have consistent behavior. In addition, the definition of CQI also took into consideration the testability of CQI. For example, it is required that the combination of modulation scheme and transport block size corresponding to a CQI has to be a combination that can be signaled in the downlink grant so that a UE’s compliance with the CQI definition can be easily tested. For the sake of simplicity, we will use the term “reference transmission format” to refer to the combination of modulation scheme and transport block size corresponding to a CQI.
3 Issues to be addressed in CQI definition for Rel-10
In LTE, there are some inconsistencies between the TBS table and the CQI table. The lowest spectral efficiency in the TBS table is around 0.23, which corresponds to CQI index 2 [1]. At the time, it was thought that no spectral efficiency lower than 0.23 is needed for PDSCH, and CQI index of 1 is only expected for power control of PDCCH transmission. However, due to the testability requirement, the CQI index of 1 will never be used because there is no reference transmission format available to satisfy the testability requirement for CQI index 1.
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Figure 1. Lowest spectral efficiency that can be signaled in Rel-8/9 downlink grant is around 0.23
As a result, the lowest spectral efficiency that can be reported by UE in CQI feedback in Rel-8/9 is 0.23, which corresponds to an effective SINR of about -5dB. Note that in TS 36.213, there is also a provision of a power offset 
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 given by the parameter nomPDSCH-RS-EPRE-Offset configured by the higher layer [2][3]. With the nominal PDSCH-RS-EPRE-Offset, it is possible to map effective SINR values that are lower than -5dB to nonzero CQI indices, thus allowing UE to report channel conditions in low geometry situations. However, due to the testability requirement, even with the nominal PDSCH-RS-EPRE-Offset, CQI index 1 will never be used.

Observation 1: CQI index 1 in Rel-8/9 cannot be reported in CQI feedback and is thus wasted. 
This inconsistency unnecessarily decreases the granularity of the CQI indices and degrades the performance of LTE and LTE-A systems. The current 4-bit CQI table is derived based on an effective SINR step size of 1.892dB with range from -7dB to 19.5dB. If we can fully utilize the 15 indices for the actual range of -5dB to 19.5dB, the effective SINR step size can be reduced to 1.75dB. 
In Rel-10, the dynamic range of SINR across subframes will increase in the case of carrier aggregation or heterogeneous networks. The geometry of a UE in different component carriers is likely to be different due to different frequency reuse, different path loss, and different load in each component carrier. The geometry of a UE can become worse due to range extension or co-channel deployment of macro cell and femto cells. In certain scenarios, a UE would need to operate with very low geometry around -10 ~ -6dB. If the lowest effective SINR that can be reported is -5dB (without nominal PDSCH-RS-EPRE-Offset), the link quality and performance of these UEs will be unnecessarily compromised. For example, a macro UE may experience a very low geometry due to interference from a nearby femtocell. Alternatively, a femto UE that is connected to a femtocell because range extension is applied may experience a very low geometry due to interference from an overlaying macro cell. Though time reuse (or frequency reuse) can be applied to mitigate the situation, it is expected those solutions cannot completely avoid communication in subframes/resources where the UE experiences very low geometry. 
Observation 2: The dynamic range of effective SINR will likely increase in Rel-10 across component carriers in the case of carrier aggregation and across subframe in the case of time-domain reuse (almost blank subframes) in heterogeneous networks.
In Rel-10, CSI-RS is introduced to facilitate the decoupling of channel quality measurement and channel estimation for demodulation. It also facilitates channel quality measurement for a large number of transmit antennas with a low cost. In order to keep the CSI-RS overhead low, CSI-RS is typically not transmitted in every subframe. This will impact the time-domain definition of CQI reference resource.
In the case of time-domain reuse between macro cells and femto cells (a.k.a. the schemes of almost blank subframes), it is still an open question which set of the subframes the CQI report should be based upon. Depending on the configuration of almost blank subframes, it may be advantageous to choose the CQI report based on the almost blank subframes, or the other subframes. In this case, the time-domain definition of CQI reference resource needs to be clarified.
Observation 3: The time-domain definition for CQI reference resources needs to be updated for Rel-10.
4 Conclusions
In this contribution, we discussed the CQI definition of Rel-8 and Rel-10. We make the following observations and proposal: 
Observation:
1. CQI index 1 in Rel-8/9 cannot be reported in CQI feedback and is thus wasted.
2. The dynamic range of effective SINR will likely increase in Rel-10 across component carriers in the case of carrier aggregation and across subframe in the case of time-domain reuse (almost blank subframes) in heterogeneous networks.
3. The time-domain definition for CQI reference resources needs to be updated for Rel-10.
Proposal: RAN1 to consider proper adjustment of CQI definition for Rel-10.
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