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1. Introduction
In TSG RAN #32 it has been agreed that 3GPP will move forward with the standardization of MIMO for HSDPA, see [1], Section 9.4. The MIMO scheme to be used for FDD is a dual codeword MIMO scheme based on D-TxAA [2]. A number of details for D-TxAA has not yet been defined. In this contribution we outline what are the different aspects of MIMO based on D-TxAA that would need to be covered by L1 specifications for MIMO in FDD. In some separate contributions we are discussing individually possible solutions to most of the outlined issues. 
It is suggested that only one HS-DSCH category is defined for MIMO capable UEs (15 OVSF codes, 16 QAM) and that a new UE capability is introduced to indicate assumptions made on OVSF code allocation in order to enable support for advanced MIMO receivers.
2. Agreement on D-TxAA
Following the recommendation by RAN WG1, TSG RAN plenary has decided in their meeting #32 to adopt a dual codeword MIMO scheme for FDD based on D-TxAA including a mechanism to signal the D-TxAA precoding weights used for HS-PDSCH transmissions in the downlink. This agreement basically means:
· A MIMO capable UE can be scheduled with a single or with two independently encoded data packets per TTI in the downlink (1 or 2 stream scheduling).
· Each stream is transmitted using a beamforming weight vector chosen out of a set of predefined precoding weight vectors based on feedback from UE.
· The chosen precoding weights for HS-DPCCH transmission shall be signaled to the scheduled UE

Further details of the D-TxAA scheme have not yet been discussed or agreed. In the following section we are listing the different aspects that would need to be covered in order to come to a consistent specification for MIMO operation in FDD. In line with the requirement to focus on two transmit antennas for the time being [3], the following descriptions assume that only two transmit antennas would be used.
1 Details to be defined for MIMO operation
1.1 HSDPA categories and UE capabilities

When defining L1 specifications for MIMO capable UEs, the following aspects relative to UE categories and UE capabilities need to be taken into account:

· What would be the number of OVSF codes that a MIMO capable UE would need to support? 

It needs to be clarified whether there is a need for having multiple HSDPA categories with a different number of supported OVSF codes for MIMO capable UEs. Since the use of MIMO is actually targeting at increasing average throughput and peak data rates in particular in high-SNIR scenarios, it seems to make sense to assume that a MIMO capable UE would be supporting the maximum number of OVSF codes (15). So at this point we don’t see a need to differentiate multiple HSDPA categories regarding the number of supported OVSF codes for MIMO capable UEs.
· Capability flag for indication of assumptions made on symmetric OVSF code allocation

Advanced MIMO receivers that are capable of performing robust inter-stream interference cancellation (IS-SIC) or similar non-linear processing techniques allow the benefit of increased throughput performance due to the fact that the separate encoding of data streams could be used in the receiver to lower the cross-stream interference. In order to enable that benefit, the Node B scheduler would need to know about this kind of capability since such UE have to make the implicit assumption that in case of dual stream scheduling they would get scheduled with the same OVSF code resources on both streams. Since it might be too demanding to require all MIMO terminals to support such capability, it would be very important to introduce a capability flag that is indicating to the network that a UE assumes symmetric OVSF code allocation across data streams when CQIs are reported for two streams.

· Definition of CQI tables

As the reporting and interpretation of CQI values in the uplink might change (see also next paragraph) it might be necessary to introduce new mappings between reported CQI values and corresponding transport formats on the HS-PDSCH

We suggest to assume only one HS-DSCH category (15 codes, 16 QAM) for MIMO capable UEs. Furthermore, in order to allow the benefit of performance improvement due to the use of advanced MIMO receivers such as IS-SIC receivers, it is suggested that a new UE capability will be introduced, indicating that the CQI reporting is based on the assumption of symmetric OVSF code allocation across streams. For MIMO capable UEs a new set of CQI tables (depends on  single versus two CQI values in a single TTI, assumption on symmetric OVSF code allocation) would need to be defined.

1.2 Precoding Codebook Definition
The set of predefined beamforming vectors that are available for MIMO operation according to the D-TxAA scheme is termed precoding codebook in what follows. Due to the current focus on two transmit antennas, see [3], it is further assumed that the available precoding vectors are grouped into groups of two vectors. Each of these groups of two vectors could be used to form two separate beams in D-TxAA that would carry two separately encoded data streams in case of dual stream scheduling in D-TxAA. In case of single stream scheduling, each of the available column vectors could be used for forming a single beam to a scheduled UE.

So far it has not been decided how large the precoding codebook would be and which values it would contain. Most evaluation results produced for D-TxAA in TSG RAN WG1 so far were assuming a codebook size of two 2x2 matrices. Since the codebook size will have a significant impact on a number of other L1 components, it is important to agree first on the size and content of the precoding codebook. 
In a separate contribution we are addressing the definition of the precoding codebook, see [4]
1.3 Control information in the uplink
In order to support the operation MIMO according to the D-TxAA scheme the following  control information would need to be signaled from the UE to the Node B in the uplink:

· Indication of what would be the preferred precoding parameters. This information should be termed precodin control information (PCI) in what follows. 

The UE would have to pick one out of the available matrices in the precoding codebook (for dual stream transmission) or one column vector out of all available column vectors in the precoding codebook (for single stream transmission) and inform the Node B about this preference. The preferred precoding parameters are inherently coupled to the CQI that the UE is going to report (see bullet below) and therefore needs to be indicated in a way that can be associated to a certain CQI reporting interval.
· Channel Quality Indicator. The UE needs to feed back up to two CQI values: One in case a single stream transmission is preferred, two in case a dual stream transmission is preferred.

Together with the PCI, the Node B needs to have a clear view on what would be the possible data rate that could be transmitted to a MIMO capable UE if the Node B would decide to schedule it with a given consumption of resources (power, OVSF codes, reuse of OVSF codes). The actual values on the CQI reports will only hold under the assumption that the preferred precoding paramters as indicated in the PCI would be used when the UE gets scheduled. Therefore, PCI and CQI are inherently coupled.
· Acknowledgement or Negative-Acknowledgement of packet transmissions (ACK/NACK): A MIMO capable UE needs to be able to sent up to two ACK/NACK reports in the uplink per scheduled TTI

Since a MIMO capable UE can be scheduled with up to two data packets in parallel it needs to have a mechanism to report ACK/NACK for these data packets in the uplink such that the Node B scheduler would know if a packet needs to be scheduled for re-transmission or not. 
In a separate contribution we are outlining possible solutions on how to accommodate the MIMO specific L1 control information in the uplink, see [5].

1.4 Control information in the downlink

The following pieces of L1 control information would need to be defined for downlink transmission to support MIMO based on D-TxAA:

· OVSF code allocation, modulation scheme, coding and H-ARQ parameters for up to two streams in one TTI.

Since a MIMO capable UE might get scheduled with up to two streams simultaneously, it is necessary now to inform the UE about used OVSF codes, modulation scheme, coding and H-ARQ parameters for each stream within one TTI. Let’s term that piece of information scheduling information word (SIW). So a single or two SIWs would need to be signaled to the UE in one TTI. So far a certain number of bits has been used to signal a SIW on the HS-SCCH. This number might have to change. For instance it might not be sufficient any more to use 3 bits to indicate the H-ARQ process ID.
· Precoding parameters that were actually used in the scheduled transmission for HS-PDSCH need to be signaled to the UE. 

This includes: Selection of precoding matrix (PM), selection of column index for the chosen precoding matrix in case of single stream transmission, mapping between the two signaled SIWs and the colums of the chosen PM. Potentially some indication on code reuse between different UEs (SDMA)
Also on this subject we are outlining possible solutions in a separate contribution, see [6].
2 Conclusions
In this contribution we identified which aspects of L1 specifications have to be addressed in order to support MIMO based on D-TxAA. Besides the actual beamforming of the HS-PDSCHs (which was not mentioned as a separate item herein) the main aspects are definitions of the precoding codebook, the upling and downlink control signaling. Separate contributions have been provided describing possible solutions for these aspects, see [4]

 REF _Ref143671828 \w [5]

 REF _Ref143688257 \w [6] and have to be further discussed.

In order to move forward with standardization of MIMO for FDD, we also need to decide on the introduction of new UE categories and capabilities as that would impact further details of the specifications.
It is suggested that a single HS-DSCH category for MIMO in FDD is defined for MIMO capable UEs (15 OVSF codes, 16 QAM) and that a new UE capability is introduced indicating the use of advanced receivers which assume symmetrical OVSF code allocation when producing CQI reports.
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