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1 Introduction

The PU2RC is a MIMO scheme which is designed to accommodate multi-user downlink transmissions with multiple antennas. It uses space division multiple access (SDMA), spatial multiplexing and transmit beamforming with per beam rate adaptation.
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Figure 1: Schematic of the transmitter for PU2RC with SDM/SDMA (M CQI feedback)
1.1 SDM/SDMA Mode of PU2RC

The PU2RC system has functional key features such as multi-user based spatial multiplexing and transmit precoding. A precoding matrix is determined in coordination with selection of user subset. In Figure 1, K users are first buffered and the subset of users are determined according to feedback signalling of CQIs and index information of precoding set from each user. Once the selected users are scheduled for multiplexed transmission, the independent streams are coded and modulated with rate matching. The multiplexed output of modulated data is precoded using the predetermined index of precoding matrix set fed back from UE. CQIs are measured at UE, which are used for rate adaptation and the overall rate estimation to select the precoding matrix for downlink beamforming. The propagation channel H is estimated for decoding and used to select the unitary precoding matrix E from the finite set of matrices. The matrix index value of E and the vector index of ei(g) (i = 0, …, M-1, g = 0, …, G-1) is fed back to the Node B through feedback uplink channel. 
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Figure 2: Schematic of the transmitter for PU2RC with SDMA (1 CQI Feedback)
1.2 SDMA of PU2RC

The application of PU2RC for SDMA is controlled by the process of precoding and feedback signalling. As shown in Figure 2, single CQI feedback from each UE is used at Node B to multiplex the selected user subset. Thus, feedback information requires the index of beamforming vector and the index of precoding matrix selected by each UE as well as CQI information of the selected beam. Rate adaptation and user mapping onto beams for transmission follow the same procedure as SDM/SDMA PU2RC.

-- Start of text proposal –
5.2.5
Proposal 5: Per-User Unitary Rate Control (PU2RC)

The PU2RC is a MIMO scheme which is designed to accommodate multi-user communications with multiple antenna arrays. It uses spatial division multiplexing (SDM) and spatial division multiple access (SDMA) to transmit multiple users, where using the feedback information the transmit weights are calculated based on the preferred unitary matrix corresponding to MIMO channels.

5.2.5.1 Basic physical layer structure of HS-DSCH for MIMO
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Figure 5.2.5.1.1: 
Schematic of transmitter for PU2RC with SDM/SDMA (M CQI feedback)
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Figure 5.2.5.1.2: 
Schematic of transmitter for PU2RC with SDMA (1 CQI feedback)
As shown in Figures 5.2.5.1.1 and 5.2.5.1.2, the PU2RC system has two main features. The first one is multi-user based transmission through multiple transmit antennas. The other one is that more than one unitary precoding matrix at the transmitter (i.e.,, {E1, E2, …, EG}), and G is the possible number of the precoding matrices, are considered in the PU2RC. 
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Figure 5.2.5.1.3:

Schematic of an example of receiver for PU2RC
In Figures 5.2.5.1.1,  5.2.5.1.2, and 5.2.5.1.3, g is the index of the selected unitary matrix and SINRi (i = 1,…,M) is the estimated CQI information according to the selected unitary matrix. The unitary basis matrix E at the transmitter is the combination of the selected unitary basis vectors from all UEs as in equation (1). If PU2RC is operated for SDM/SDMA mode as in Figures 5.2.5.1.1, the selected unitary basis vectors are only taken from a UE or partly from several UEs. Node B then receives feedback information of CQI, the selected unitary matrix and basis vectors from each UE. Once the selected UEs are scheduled for transmission, rate adaptation and precoding process are taken by multiplexing multiple user data streams. If PU2RC is operated for SDMA mode as in Figures 5.2.5.1.2, each selected unitary basis vector is taken from a different UE (i.e., not more than one vector from the same UE) so as to reduce the feedback amount at the expanse of small performance degradation at the regime of a low number of UEs. For the procedure of Node B multiplexing transmission, it follows the case of SDM in Figures 5.2.5.1.1. Note that in both modes, total number of the vectors is fixed as M. Furthermore, such selections are taken based on the space-time multiuser diversity theory for maximum capacity achievement subject to the given scheduling policy.


E = [e0(gk) … em(gk) … eM-1(gk)],                                                                     (1)

where e(gk) is the gkth unitary basis matrix, gk is the index of the unitary basis matrix which is fed back from kth UE and em(gk) is the mth unitary basis vector of of the gkth UE’s. Note that each UE’s preferred unitary basis matrix can be different from each other. In Figures 5.2.5.1.3, each UE computes the given performance metric to select the preferred unitary matrix and/or unitary basis vector when the predetermined set of unitary precoding matrix is known to both Node B and UEs. Depending on the feedback signalling policy, each UE sends the index of the preferred unitary matrix and/or the index of unitary basis vector together with CQI information back to Node B. 

5.2.5.2 Adaptive modulation and coding schemes

5.2.5.2.1 Modulation and channel coding

Adaptive modulation and coding scheme is required for MIMO systems to improve the system capacity with high spectral efficiency. In PU2RC systems, modulation and coding are adaptively performed corresponding to the feedback information. As for feedback signalling, the main burden comes from the set of the unitary basis matrix, because SINR depends on the unitary basis matrix. The quantized form of the unitary basis matrix is used. 
In SDM/SDMA mode of PU2RC (shown in Figure 5.2.5.1.1), the first two-step approach for feedback signalling as in Table 5.2.5.2.1 is executed as. As an example, consider the following scenario for information feedback, assuming the system with 2 (4) Tx antennas for Node-B and 2 (4) Rx antennas for each UE. One bit is allocated for indexing the precoding matrix, denoted as g in Figure 5.2.5.1.1 so as to maximize the system capacity subject to the given scheduling policy. Table 5.2.5.2.1 shows the configuration of the feedback channel format (for uncoded feedback information bit):

	CQI for each UE

	Precoding Matrix Selection
	AMC

	1 bit
	5M bits, M = 2 or 4

(M CQI)

	Additional part
	Revised conventional part
(E.g., TDM)


Table 5.2.5.2.1:
 One example of CQI format for PU2RC with SDM/SDMA (M CQI)

In SDMA mode of PU2RC (shown in Figure 5.2.5.1.2), the second two-step approach for feedback signalling as in Table 5.2.5.2.2 is executed. As an example, consider the following scenario for information feedback, assuming the system with 2(4) Tx antennas for Node-B and 2(4) Rx antennas for each UE. Totally two (three) bits are allocated for representing unitary precoding matrix, denoted as g in Figure 5.2.5.1.2, where one bit is used to specify the unitary precoding matrix and other one (two) bits are used to indicating one appropriate precoding vector among elements of the specified precoding matrix so as to maximize the system capacity subject to the given scheduling policy. Table 5.2.5.2.2 shows the configuration of the feedback channel format (for uncoded feedback information bit):
	CQI for each UE

	Basis Set Selection
	Basis Selection
	AMC

	1 bit
	1 bit for 2x2 MIMO

2 bits for 4x4 MIMO
	5 bits
(1 CQI)

	Additional part
	Conventional part


Table 5.2.5.2.2:
 One example of CQI format for PU2RC with SDMA mode (1 CQI)
Note that this is an example of CQI for each UE when there are many UEs to receive HS-DSCH, and hence the burden of AMC feedback follows the conventional way according to the quantization of the estimated SINR. The selections of modulation level, code rate, and the number of OVSF codes for each UE are based on HSDPA metric. 

5.2.5.2.2 Transmission algorithms

The assignment of OVSF codes depends on the selected UEs and its number of data streams. The Node B determines the number of OVSF codes.

5.2.5.2.3 Physical layer aspects for MCS Selection
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Figure 5.2.5.1.3:

Schematic of pilot transmission for CQI estimation at UEs

All the UEs are required to transmit CQI information back to the Node B on the uplink through feedback signaling. The CQI information is based on the received SINR measured for each transmit precoding vector based on the common pilot {p1, …, pM} as shown in Figure 5.25.1.3. Then, the Node B determines the MCS level for each UE according to the CQI.

5.2.5.2.4 

5.2.5.3 Associated Signalling 

5.2.5.3.1 Downlink

{This section should describe the HS-DSCH-related downlink signalling which is distinct from the non-MIMO HSDPA system.}

5.2.5.3.2 Uplink 

{This section should describe the HS-DSCH-related uplink signalling which is distinct from the non-MIMO HSDPA system..}

5.2.5.4 UE Capability

{This section should describe the parameters(e.g. number of antennas, modulation, codes etc.) based on which the UE capability are classified. It should also describe the receiver algorithms used for each antenna configuration and transmission algorithm.}
5.2.5.5 Complexity

{This section should describe the expected complexity impact on the UE (e.g. power consumption, RF, baseband, memory etc).}

5.2.5.5.1 Analysis of User Equipment Complexity

5.2.5.5.2 Analysis of Node B impacts

5.2.5.6 Backward compatibility

5.2.5.7 Overview of changes required in the specification

-- End of text proposal --
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