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1. Introduction
RAN1#49 agreed to the following way forward for the CQI reporting needs:

· The time and frequency resources that can be used by the UE to report CQI are controlled by the eNB

· Baseline is periodic CQI reporting. The possibility of linking the configuration of a periodic reporting cycle to a persistent scheduling cycle should be considered. Trigger-based CQI reporting, in addition to periodic CQI reporting, is FFS.
· Types of CQI reporting: 

· Wideband CQI report: up to 5 bits (assuming SIMO)

· Multi-band CQI report: equivalent resolution up to 5 bits per sub-band (assuming SIMO)

· Sub-band is defined as the band to which a CQI value is related

· CQI reports for applicable MIMO schemes

· Combination of the above types of CQI reporting is FFS

· Overhead is added, e.g. from compression schemes or due to combination of different CQI reports

· Total number of CQI bits (including overhead) in a PUCCH subframe per UE shall not exceed approximately 10 bits (independently from the system bandwidth) assuming QPSK and an approximate code rate of up to 1/2, actual modulation and coding FFS

Furthermore, RAN1 has received an LS ‎[1] from RAN4 where it is proposed to adopt a CQI definition based on the UE’s view of the supportable transport format, i.e. a similar definition as the one used in HSDPA.

This contribution discusses further the contents of the CQI reports.
2. Discussion
2.1. CQI report size

In ‎[2], we propose to make the size of the CQI reports dependent on other UE uplink activity, i.e., one size is used for scheduled inband
 CQI reports transmitted when the UE is anyway transmitting data in uplink, and another size is used for periodic outband CQI reports.

For periodic outband CQI reports, if larger sizes than ~10 bits are needed, e.g. in case of multi-band CQI reports or CQI reports for applicable MIMO schemes, a straightforward solution is to apply subframe concatenation. However, large reports should preferably be transmitted on the scheduled resource.

For scheduled inband CQI reports, the size can be significantly larger which often makes it possible to accommodate detailed multi-band CQI reports without any subframe concatenation.

2.2. Contents of CQI

It is proposed that the CQI reports are expressed as a “recommended transport block size”, similarly to HSDPA, rather than a SNR value. This simplifies defining the relevant test cases in RAN4 and is also recommended by RAN4.

2.3. Measurement bandwidth

The eNodeB may restrict the measurement bandwidth for the UE in accordance with the system bandwidth and furthermore e.g. in order to support fractional frequency reuse. In this case the UE should only base its CQI report (and reports of PMI and rank) on measurements performed within this measurement bandwidth.

2.4. CQI compression scheme

To report one CQI value per RB would give a large overhead. For 10 MHz bandwidth, equivalent to ~50 RBs, some 250 bits would be required, assuming 5-bit CQI reports without compression.

However, the CQIs can be calculated and reported for subbands larger than one RB. If each subband consists of 5 RBs, the number of bits is brought down from 250 bits to 50 bits. We refer to the approach of reporting the CQIs for all these subbands as Scanning. The subband size could be eNodeB configurable. The benefit with the Scanning approach is that it is simple and robust. The eNodeB can successively build up an increasingly improved knowledge about the channel, since Scanning always provides eNodeB with information about all subbands, something which may be particularly useful in scenarios with low mobility, where it seems most likely to have large frequency scheduling gains.

Another approach known as Best M has been proposed, where the idea is to reduce the overhead by only reporting the CQI values for the best M subbands (or just the average CQI for the best M subbands) and the average CQI for the other subbands. The subband size and M could be eNodeB configurable. With a subband size of 2 RBs and M=4, the required number of bits is reduced from the original 250 bits to 39 bits ‎[3]. If Best M is chosen, we see it as important that the average value of the other subbands is reported since we don’t want the scheduler to be completely blind in these subbands.

As pointed out in ‎[4], the distance-dependent path loss and shadowing variation are correlated in the frequency and spatial domains, why significant overhead reduction can be achieved by using (joint) differential coding within a TTI. One possibility is to report an absolute wideband CQI and differential values for the different subbands and, in case of MIMO, for the different transport blocks. Note that the wideband CQI report should be an average in e.g. the mutual information domain, not a linear average SNR.

DCT-based schemes have been proposed. These schemes seem less straightforward to combine with differential reporting. For example, in case of MIMO, separate DCT coding of CQIs for the two transport blocks would waste bits since CQIs are correlated between transport blocks. Normally, differential coding of transport block CQIs should be employed.
2.5. Interference averaging

As indicated by the results in ‎[5], it is important to minimize the impact of inter-cell interference on the CQI reports, since the interference may be highly bursty and appears to be hard to predict.

Therefore we propose to add support for reporting CQIs where interference averaging over frequency as well as over time is performed by the UE. The averaging window sizes in frequency and in time should be eNodeB configurable. For example, the window sizes could depend on the measurement bandwidth.

Note that interference averaging in the time domain may have a negative impact on the possibility to do DRX in the UE. On the other hand, reporting CQIs with a shorter period in order to accommodate needed filtering on the eNodeB side seems to reduce the possibility for DRX as well as DTX.

Interference averaging seems to be particularly important for the Best M schemes, where there could otherwise be a risk that the UE sends CQI reports for subbands with momentarily low inter-cell interference rather than for subbands where the channel quality can be expected to remain good a few TTIs later when the UE is to be scheduled.

3. Conclusion
It is proposed to

· Follow RAN4’s recommendation to adopt a CQI definition based on the UE’s view of the supportable transport format (TBS, modulation, number of RBs, power offset), similarly as in HSDPA.

· Add support for basic periodic CQI reports outband, possible complemented by subframe concatenation if needed, and more detailed CQI reports on the scheduled resource.

· Add support for configurable measurement bandwidth for CQI reports.

· Add support for CQI reports with subband scanning with configurable subband size.

· Add support for reporting CQIs where interference averaging over frequency as well as over time is performed by the UE.
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� The term ”inband” is used herein and refers to transmission of the CQI reports on the scheduled resource (i.e., the PUSCH), although it is a misuse of terminology. The CQI reports can be coded separately from the user data (and are in that sense outband).





