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1. Introduction
One challenging task for a UE in MIMO mode is the CQI estimation and the corresponding interpretation of the CQI in the network. It has been proposed that the UE report not only the two CQIs needed for dual stream transmission, but also a CQI representing the quality for single stream transmission ‎[1]. This will give the scheduler the freedom to make the appropriate selection between single and dual stream transmission. Note that the preferred mode do not only depend on the link quality, but also on e.g. amount of data in the scheduling buffer, time constraints etc. Even if this CQI reporting scheme gives maximum flexibility, it comes with very large overhead. In principle a 50% higher feedback load can be expected compared to the case when only 2 CQIs representing the dual stream case is feedback.

In contrast to the single antenna transmission case, reporting CQI estimated from a “nominal” code and power setting  in MIMO operation, does not give the scheduler sufficient information for taking appropriate actions. For example, the code reuse interference will depend on the instantaneous channel and power (and code) allocation.
In this contribution we propose to create a new MIMO control which can carry information to all or a group of users in order to inform them on e.g. CQI reporting scheme, instantaneous allocation of code and power etc. This new channel can also be used for “broadcasting” viable information such as data-to-pilot power allocation.

2. Identified issues
One important parameter for correct CQI estimation is the current data-to-pilot power. In non-MIMO operation, the network can scale the reported CQI by the current power and code allocation. Due to the code-reuse interference present at dual stream transmission, accurate scaling is not possible in the MIMO case. Hence, it is no longer enough to assume a nominal allocation from which the CQI estimation is done.

Due to the uncorrelated UL and DL in FDD operation, the DL channel quality can only be estimated by the UE. However, since the UE is not aware of the current load in the network, the constraints in the scheduler etc. the final scheduling decision, and hence, the choice of single or dual stream transmission, must be taken by the network. To provide the scheduler with all this information requires a substantial feedback rate, and might therefore be prohibited. A potential solution to this problem is that the schedular can inform the UE about the most appropriate parameters to use when estimating the CQI.
In MIMO operation one can distinguish to typical groups of users; one group that has favorable conditions and therefore can receive a dual stream transmission and one group of users that experience less favorable conditions. The latter group would then prefer single stream transmission. For a non-MIMO system this distinction is not really necessary since the link adaptation, coding and modulation, will adapt to the current situation. In a MIMO system, this can be seen as “spatial” adaptation.
3. Possible solutions
One possible solution to the above identified problems is to incorporate some signaling that can guide the UE when it comes to e.g. CQI estimation and reporting. This signaling could also be used for informing the UE about the current conditions in the scheduler. More precisely, the following signaling can be seen as very beneficial for obtaining good and accurate CQI estimates, and thus good performance of the network.

A new MIMO shared control channel is proposed to carry L1 control information which is needed or is changed faster then higher layer signaling can provide. This control channel can address one or several UEs at a time. If several UEs should be notified, a group UE ID can be used. This group UE ID can be signaled to respective UE by higher layers. There can be one or several of these group IDs within a cell. For example, one group can consist of users that the scheduler expects to serve with single stream transmission, hence they only need to report a single stream CQI. 

To assist the CQI estimation in the terminals, the current data-to-pilot power ratio can be signaled with some reporting rate. If transmit diversity is applied in the network, not only the data-to-pilot power, but also e.g. common channels-to-pilot power ratio needs to be signaled or “broadcasted” in order to have accurate CQI estimates. It is further noted that the CQI should reflect the conditions that apply when the user gets scheduled. In single antenna operation, this can be solved by scaling the reported CQI (or corresponding MCS) according to the used code and power allocation. When operating in MIMO mode, this scaling may not be possible due to code reuse interference. To solve this scaling issue, the network can signal (or broadcast) an expected code allocation for a particular UE, or group of UEs. By using this value in the CQI estimation, the scaling in the network becomes more accurate.
4. Conclusion
We have identified that accurate CQI estimation in the UE is difficult when operating in MIMO mode. One reason for this is that code reuse is applied when transmitting more than one stream. This code reuse interference term will depend on the instantaneous channel realization as well as of the current code and power allocation. It is also noted that scaling the CQI, which is estimated using a nominal code and power allocation, is very difficult in the network

To overcome these problems, a MIMO control or broadcast channel can be used. This MIMO control channel can carry information such that data-to-pilot power ratio and current code allocation to assist the UE to estimate a CQI that reflects the current channel conditions. The exact content and how to quantify the information is FFS.
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