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1 Introduction
One of the fundamental elements in insuring LTE performance is channel dependent scheduling. However, to make this link adaptation work, accurate CQI measurement is crucial, so that we can meet the QoS requirement, make full use of the channel, and avoid excessive H-ARQ and link breakdown.
In the latest two meetings, UE CQI measurement was addressed in [1] and [2]. The main focus was how to obtain more stable and hence accurate interference measurement. In this contribution, we will try to cover other three remaining measurement aspects, namely MU-MIMO, channel aging, and ESINR based CQI measuring.
2 Discussion
2.1 The MU-MIMO issue

Up to now, it is not clear whether a UE should assume MU-MIMO in its CQI measurement. Obviously, when the precoding vector perfectly matches the channel, whether to assume MU-MIMO in CQI measurement is not an issue, because it does not affect the final outcome. However, in reality, since the number of codewords in the precoding codebook is limited to 6 or 4 (rank-1), we do not have this perfect match. When this is the case, whether to assume a UE is in MU-MIMO does make a difference, as the transmission for the 2nd UE is no longer in the null space of the 1st UE, and hence resulting in new inter-UE interference. Since the UE knows what precoding vector it is to use, it can estimate the loss due to the inter-UE interference caused by this mismatch, which in most cases is predictable.
So this brings up a question: should a UE assume it is in MU-MIMO or not when it measures CQI? If yes, it will always assume that the 2nd UE is there, regardless of whether MU-MIMO is actually implemented, and this will cause pessimistic estimation when the system does not schedule UEs as MU-MIMO, because in this case, precoding vector mismatch only causes signal energy loss, but not inter-UE interference. If no, then the estimated CQI will in some cases be far more optimistic, thus result in excessive H-ARQ and unreliable link.
To address this issue, we need to have an RRC slow signal letting the UEs know whether they should assume MU-MIMO when measuring CQI. In this way, a UE assumes MU-MIMO when the system is actually implementing it, so that the CQI can be more accurately measured; otherwise, it will assume that it has the resource alone, and no assumption of inter-UE interference is necessary.
2.2 ESINR based CQI reporting
CQI measurement depends not only on the C/I at the receiver, but also on the receiver itself. In addition to whether to assume MU-MIMO as discussed above, some other factors include
· MIMO receiver – MMSE or ML based.
· Interference mitigation – when interference is estimated and interference whitening is implemented.
· Mode dependent – CQI measurement should be based on the transmission mode, e.g. CL/OL and rank. How to initiate this report mode change is still a question. On the one hand, since the UE has all the information, it should up to the UE to initiate this CQI report change; on the other hand, it is up to the eNB to decide which mode the UE should use, and if a UE initiates the change by itself, eNB would have little choice but to follow, because it on longer has the up-to-date information about the DL.

One possible solution to this dilemma is for the UE to periodically initiate this reporting mode change, and then quickly resume the “old” reporting mode. If the eNB schedules according to UE’s new reporting mode, then the UE switches to this new mode, until it needs to switch again. Since the eNB knows when to expect this change, possible false alarm due to signalling error is reduced.
· Channel fluctuation – since the post-processing SINR fluctuates across the resource blocks carrying data for the same FEC block, average SINR is over optimistic. In this case, effective SINR mapping is needed to identify the accurate CQI.

In other words, the measured CQI needs to reflect the signal processing chain that the transmitted data will go through.
2.3 The channel aging effect
When the UE does not move, channel changes slowly, and the signal energy part of CINR can be estimated accurately; when UE moves fast, the UE will not be able to track the channel anyway, and it will report its CINR based on average received signal. However, when the UE moves at a speed that causes channel change, but it can still track this change to certain extent, channel aging effect needs to be taken into account.

By channel aging, we mean two things: one is precoding vector/matrix aging, another is the channel. For the first part, when precoding vector/matrix becomes less matching the channel, we will have CQI loss. A UE may estimate this loss and adjust this measured CQI accordingly. For example, it can apply an “old” (the delay that matches the time lapse between PMI being reported and applied) precoding vector/matrix to the current channel to estimate this loss, which is obviously a function of channel variation. However, regardless of what the UE does in addressing this channel aging effect, the eNB needs to be aware of it, so that it does not attempt to compensate this channel aging effect again.
Since the UE has all the information, like interference estimation, the channel aging issue is best addressed at the UE.
3 Summary 
In this contribution, we discussed three areas in CQI measuring
· The need to define whether UE needs to assume that it is in MU-MIMO

· CQI needs to be mode dependent and who should initiate this mode change

· Channel aging in CQI reporting – an issue that eNB needs to be aware

All need to be addressed to insure accurate CQI report.
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