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1. Introduction

In RAN1 meeting #45 the extensive study of MIMO for HSDPA came to a conclusion, D-TxAA selected as the FDD HSDPA MIMO scheme and with agreement to recommend to specify a FDD HSDPA MIMO to Rel-7 [1]. Subsequently,  TSG RAN meeting #32  agreed that 3GPP will move forward with the standardization of MIMO for HSDPA. In following meetings #46 and #46bis RAN1 discussed different issues related to the specification of FDD MIMO functionality to Rel-7 [2]
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[4]. RAN1 meeting #46bis an LS was agreed to be sent to other working groups to inform on the status of the FDD MIMO [5].  
This contribution briefly discusses the different areas that would require RAN4 attention when the FDD HSDPA MIMO is being specified. This contribution introduces the FDD HSDPA MIMO scheme and covers the status of the Rel-7 FDD MIMO [5]. 
2. HSDPA MIMO scheme
The basic concept of the selected FDD HSDPA MIMO scheme, also known as D-TxAA, is given in Figure 1. It is a dual-codeword multiantenna transmission scheme with two operation modes: dual stream transmission mode, and single stream transmission mode 

In dual stream transmission, two data streams (or payload packets) are encoded and modulated separately, but transmitted on the same orthogonal spreading code(s). The two data streams are simultaneously transmitted through both antennas using stream specific antenna weights creating two orthogonal beams (as shown in Figure 1 a). The antenna weights are selected from the existing closed loop transmit diversity codebook so, that antenna weight vectors v1 = [v11   v21] T  and v2 = [v12   v22] T  are orthogonal to each other. As v11 and v12 are constant scalars and v21=-v22, UE needs to feed back only single weight (v21) to NodeB. This is similar as in case of Rel’99 CL TD with the difference that the delivery of antenna weight information shall be done by using HS-DPCCH. As a part of MIMO scheme selection, it was agreed that UTRAN shall signal to the UE the antenna weight used on the HS-PDSCH sub-frame on the corresponding HS-SCCH.  
In single stream transmission mode, one data stream is encoded and transmitted similarly as with R’99 CL transmit diversity, but by using the D-TxAA specific feedback mechanism. The closed loop transmit diversity also benefits from the feedback required by D-TxAA. This operation mode is turned on when it is more advantageous (e.g. from cell or link throughput maximization point of view) to transmit with full power on one beam.
As noted earlier the approach taken by RAN1 is that the antenna weight feedback is carried on HS-DPCCH. Furthermore, to support NodeB scheduler operation with MIMO, UE will need to report dual steam CQIs or single stream CQI in uplink depending on the preference. Additional changes are needed on HS-DPCCH to allow the dual-codeword operation utilizing independent ACK/NACK signalling for each stream. 
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Figure 1. TxAA based MIMO scheme

3. Different areas for new MIMO related requirements

The current DL HSDPA requirements in TS25.101 cover separately three areas related to HSPDA DL receiver performance. These are:

· Demodulation requirements for HS-DSCH.

· Minimum requirements for Channel Quality Indicator reporting.

· HS-SCCH detection requirements.
The introduction of FDD MIMO would require RAN4 to evaluate the need of new requirements for the aforementioned areas and to derive new requirements for those cases that are deemed necessary.  Below we shortly discuss these areas. Some earlier discussion related to HSDPA MIMO requirements have been presented in [6].
HS-DSCH demodulation requirements
The existing minimum performance requirements for different HSDPA UE categories are based on Fixed Reference Channels (FRC’s), that aim to cover the necessary aspects of each category. A similar approach would also be feasible in case of FDD MIMO.  RAN1 has agreed to introduce different UE categories that support FDD MIMO. RAN1 working assumption for these two different MIMO capable UE categories,  is that they will to correspond to 2 times the existing HSDPA UE categories 10 and 9. Thus one doubling the possible maximum peak data rate with 28 Mbps and another lower one for 20 Mbps maximum throughput, respectively. In principle single FRC could be defined to cover requirements for both of these categories similarly as has been done in case of performance requirements for categories 7 and 8. This needs to be confirmed once the details of the MIMO capable UE categories are finalized. It has also been agreed that UE’s supporting either of these aforesaid categories for MIMO operation, will support one of the existing categories supporting 15 codes when not operating in MIMO mode.  As currently no separate performance requirements for HSDPA UE categories 9 and 10 have been defined, it might be desirable to introduce these. The HS-DCH demodulation requirements are discussed in more detail in [8].
HS-SCCH detection requirements

The support of MIMO operation in FDD HSDPA affects the existing HS-SCCH structure. To ensure a proper performance, requirements to the new HS-SCCH formats would be needed. The main changes on HS-SCCH are related to increased signalling payload and introduction of two different formats to Part2 to enable more efficient single/dual stream operation. However the introduction of MIMO does not have major impact to the HS-SCCH basic structure, i.e. Part1/Part2 division remains. Therefore it seems that the existing scenarios could be modified to allow testing for MIMO signalling.  More detailed discussion on HS-SCCH detection requirements is given in [7].
CQI reporting
In earlier releases the accuracy of the CQI report (variance) and compliance of the report to RAN1 definition (BLER, reference period) have been verified. The same aspects would need to be verified also in case of FDD MIMO. From CQI reporting perspective the FDD MIMO introduces a need to support the dynamic dual/single-stream operation. As a consequence, new dual stream CQI format will be defined. Based on the UE preference, UE may report dual or single stream CQIs. Additional pattern to report single stream CQI is also planned to be introduced [4]. As both CQI reporting options will be carried on HS-DPCCH together with the antenna weights, new CQI tables need to be defined in to TS25.214. Once the details of the CQI reporting are more clear the verification of the performance in a similar manner as in earlier releases should assessed.
Additional notes

The introduction of MIMO leads to some changes in HS-DPCCH. Independent  ACK/NACK signaling for both streams needs to be introduced in order to support dual codeword operation. The exact physical layer details of HS-DPCCH are still open, but  compared to Rel-5 no changes are expected in aspects related to UE transmitter performance (modulation, spreading and number of channelisation codes remain unchanged). Therefore new UE TX requirements are not likely to be required. The general compliance to the new HS-DPCCH structure would be covered as a part of discussed DL requirements (FRC, HS-SCCH and CQI).
4. Conclusions
In this document we have presented a short overview of the FDD HSDPA MIMO scheme and discussed possible new requirement  related to the scope of the UE HSDPA MIMO performance. The considerations presented in this document are based on the current working assumptions in RAN1. It is felt that the work in RAN1 is at sufficiently mature stage to start evaluating the impact to RAN4 specifications. It would seem possible that RAN1 would agree the most details during the RAN1 meeting #47 and finalise the last details during RAN1 meeting #47bis in January.
It is proposed that RAN4 would discuss the different requirement scenarios and identify the necessary ones need to ensure proper MIMO behaviour and agree certain basic assumptions to derive the requirements. In this way, once RAN1 has agreed the final open details related to MIMO layer 1 functionalities, the RAN4 could already start work to derive necessary performance requirements in RAN4 meeting #42. 
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