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1. Introduction

In RAN1 meeting #45 the extensive study of MIMO for HSDPA came to a conclusion, and D-TxAA was selected as the FDD HSDPA MIMO scheme to be used in Rel-7. The main recommendation of RAN1 to RAN group was to standardize FDD HSDPA MIMO in Rel-7 [1]. Subsequently, TSG RAN meeting #32 agreed that 3GPP will move forward with the standardization of MIMO for HSDPA. In the following meetings #46 and #46bis, RAN1 discussed different issues related to the specification of the FDD MIMO functionality into Rel-7 [2]
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 \* MERGEFORMAT [3]. In meeting #46bis, RAN1 also agreed to send a LS to the other working groups to inform about the status of FDD MIMO [4].  

In order to support FDD MIMO the existing CQI formats and procedures have to be modified. More concretely these changes are needed to support of the dual stream operation. 
This contribution presents some initial considerations for the CQI requirements.
2. CQI principles for MIMO operation

This section presents a short overview of the working assumptions in RAN1 related to the CQI derivation.

In MIMO operation mode UE shall report, based on its preference, either dual stream CQIs or a single stream CQI.  As it is preferred to transmit the CQI report (either dual or single) during one HS-PDSCH sub-frame, a new CQI format needs to be introduced. To support dynamic switching from single stream to dual stream transmission, the new CQI format needs to be able to support signalling of both (on separate time instants). 

A new CQI reporting scheme has  been agreed to be introduced for FDD MIMO to provide more information to NodeB scheduler. In short an additional CQI pattern is introduced on top of normal CQI reporting cycle, indicating time instants when the single stream CQI will be always reported, even if UE would prefer the  dual stream mode.
RAN1 has not yet agreed the exact details of the CQI information content, but it is agreed that the antenna weigh feedback will be signalled on HS-DPCCH together with the CQI. As antenna weight feedback requires 2 bits and there are only10 bits to convey the whole information, the size of the CQI tables needs to be carefully considered. Consequently, new CQI tables need to be introduced in RAN1 specifications. 
The criterion to derive the CQI report(s) are under discussion in RAN1, but it is expected to remain in principle similar as in earlier releases. Based on current situation it would appear that for singe stream case no changes would be needed for the CQI definition. For purpose of deriving dual stream CQI it has already been agreed that UE shall assume symmetric code allocation across the streams. Therefore the difference between the two dual stream CQIs needs to be covered through changing modulation and transport block size (e.g. coding rate). Due to the limited space for the signalling information it is expected that the granularity of the CQI tables will be larger in dual stream case than in single stream case. It has also been agreed that the dual stream CQI shall be applicable only when NodeB allocates both streams for the UE. 
3. Initial considerations for the creation of the requirements

The requirements for the accuracy and compliance of CQI reporting in AWGN and fading conditions are defined in Section 9.3 of 25.101, which is in divided into various sub-sections covering the different transmit diversity options. These requirements can be considered  to be independent of the receiver performance.
Accuracy of the CQI report and compliance with CQI definition

The accuracy of the UE CQI reporting is verified in AWGN conditions by checking that, for most of the time, the reported CQIs lie within given range of the median CQI. Furthermore the compliance to the target BLER criterion is verified, by confirming that the obtained BLER  crosses the level of 0.1 around the median CQI. 

Based on initial review it would seem that similar verification methods that have been used in earlier releases could be used also for FDD MIMO.  In dual stream case the BLER of each stream can be evaluated separately as independent ACK/NACKs are signaled for each stream.
Due to characteristics of MIMO operation, some modifications are needed for the AWGN requirements scenario to make the  for dual stream case feasible. In order to be able to receive dual stream transmission, we would need to introduce a fixed artificial channel. This could be either a identity matrix (i.e. 
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). Both of these channels are rank 2 channels, latter one being maybe more preferable approach. Thus, receiver should be able to support two streams. However, amplitude imbalance in the actual test set-up affects the selected CQIs. These practical testing imperfections should be accounted, but they should not effect the variance if the imbalance is constant.
As it is foreseen that the CQI granularity will increase, evaluation of the BLER characteristics comes less accurate. Therefore the verification of the compliance would need some further consideration, but would most likely be done in a similar manner as earlier. For single stream case, it would appear to be feasible to verify of the accuracy and the compliance to the CQI definition in a similar scenario as used earlier CL TD case. 
Compliance to the reference period

The compliance of the UE to CQI reference period is verified in fading conditions. This is done by setting requirements to the BLER observed for the measured median CQI and for a 3 steps larger CQI than the median. 
As mentioned earlier in case of MIMO operation UE shall report dual or single stream CQI(s) based on its preference. Therefore two different scenarios (or variations of same scenario) would be needed to be able to evaluate the compliance for both cases. It seems feasible to evaluate the compliance in single stream case utilizing the existing approach. As noted earlier new CQI tables will be defined for dual stream CQI, with larger steps between the CQI’s and possibly with slightly limited dynamic range between the two dual stream CQIs. The effect of these factors needs to be accounted in the test methodology once the details related to it are more mature in RAN1. 
In earlier requirements related to receiver diversity of transmit diversity, the assumption of fully uncorrelated receiver and transmitter antennas have been used. In terms of CQI compliance verification it would seem feasible to use this same assumption . 

As briefly described in Section 2 of this document, according to the new CQI reporting scheme UE shall periodically report single stream CQI based on the defined rate regardless of the preference. This would offer the possibility to evaluate the single stream CQI when preference is given to the dual stream. Thus, if considered feasible, the validity of the UE preference could be verified.
4. Conclusions

In this document we have presented a short overview of some issues related to CQI reporting in FDD MIMO. To initially analyse the feasibility of re-using the scenarios from previous releases for evaluation of FDD MIMO related CQI requirements, short overview of the existing requirements is provided. Based on preliminary evaluation it would seem possible to reutilize similar CQI requirement scenarios as in earlier releases. The changes required need to be confirmed once the details related to the CQI reporting have been defined by RAN1. 
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