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Decision
We propose the following text for the MIMO TR describing the per-antenna rate control MIMO architecture [1][2][3].
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5.2
FDD High Speed Channels

5.2.1 Proposal 1: Per-antenna rate control (PARC)

The PARC architecture is based on an information theoretic result stating that the Shannon capacity limit for an open loop multiple antenna system can be achieved if separately encoded data streams are transmitted from each antenna with equal power but possibly with different data rates, and if the receiver consists of a space-time MMSE linear filter followed by interference cancellation based on post-decoding symbols. The mobile receiver measures the signal to interference plus noise ratio (SINR) of each transmit antenna in the presence of interference from the other antennas and feeds back this information to the base. Then the base determines the data rate for each antenna. If the SINR for a particular antenna is too low to support even the lowest data rate, then that antenna is not used for transmission. Hence selection transmit diversity becomes a special case of PARC.
5.2.1.1
Basic physical layer structure of HS-DSCH for MIMO

 The block diagram below shows the basic physical layer structure of the HS-DSCH for PARC. A block of data corresponding to a single high speed data stream is demultiplexed into a maximum of T low-rate streams, where T is the number of transmit antennas. Each of these low-rate streams is turbo encoded, interleaved, and mapped to either QPSK or 16QAM symbols. Because different coding rates and symbol mappings can be used on each low-rate stream, the number of information bits assigned to each stream can be different. The symbols for a given low-rate stream are associated with a particular transmit antenna. They are further demultiplexed into a maximum of C substreams, where C is the maximum number of HS-PDSCH defined by the UE capability. These substreams are spread using distinct OVSF channelization codes, summed, and then modulated by a scrambling code. The resulting CDMA modulated low-rate stream is transmitted from it associated antenna. 

Note that because of the flexibility of PARC, various options are available for partitioning the physical layer resources of channelization codes, scrambling codes, and transmit antennas. These options are discussed in the following subsections. 
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5.2.1.2
Adaptive modulation and coding schemes

5.2.1.2.1
Modulation and channel coding 

 The moduation and channel coding for each low-rate stream depends on the received SINR of its associated transmit antenna. The SINR is the sum measured across all receive antennas at the UE for a given transmit antenna, and it accounts for intercode interference from the same antenna as well as spatial interference from other antennas. With T transmit antennas, up to 2T-1 antenna combinations could be evaluated, and the subset of T antennas with the highest total data rate is chosen. Antenna powers are normalized so the total power is fixed. 
We consider an example with T = 2 transmit antennas (denoted as antennas A and B), summarized by the table below. With T = 2, the 3 options for transmission correspond to only antenna A on, and only antenna B on, and both A and B on. These correspond respectively to options 1, 2 and 3. When both antennas are on, the transmit power from each is reduced by a half so the total power is the same as the cases with a single antenna on. For each option, the SINR is calculated based on the channel estimates and the detector architecture. The SINRs are mapped to achievable rates and their corresponding modulation and channel coding schemes, possibly based on conventional HSDPA rate mappings. In the example, option 1 achieves a rate of 2.332 Mbps by using 16QAM modulation with rate 0.486 coding over 5 spreading codes. Option 2 achieves a slightly higher rate because its SINR is higher. However, by transmitting simultaneously over both antennas, the total rate of 3.074 Mbps is the highest. Hence this transmission scheme would be signalled back to the Node B. 
option
tx antenna power
SINR(dB)
modulation
coding rate
#codes
data rate (Mbps)


A
B
A
B
A
B
A
B
A
B
A
B
total

1
P
0
14
-inf
16QAM
N/A
0.486
N/A
5
N/A
2.332
0
2.332

2
0
P
-inf
15dB
N/A
16QAM
N/A
0.551
N/A
5
0
2.644
2.644

3
P/2
P/2
10.2
11.9
QPSK
16QAM
0.691
.371
4
5
1.292
1.782
3.074

Table 1. Example for determining rate request
5.2.1.2.2
Transmission algorithms

 When spatial multiplexing is used (in other words, when multiple antennas are used to simultaneously transmit multiple low-rate streams), OVSF and scrambling codes can be assigned to the streams using several different options. The option chosen depends on the availability of codes and the potential interference that would be caused to other DCHs. 
Option A: Common OVSF codes, common scrambling codes. If the number of OVSF codes for each stream is different, then the codes for the antenna with the most codes are first assigned, and then the codes for the other antennas are a subset of these assigned codes. For our example, the 5 OVSF codes for antenna B are first assigned, and then the 4 codes for antenna A are a subset of these 5. This option is known as "code reuse" since the spreading codes are reused among the antennas. This case incurs the most intercode interference among the spatially mutliplexed channels, but creates the least interference to other DCHs. For MIMO transmission with more than T = 2 antennas, the subset of codes can be chosen judiciously to minimize the intercode interference, and the calculation of the SINR should account for this flexibility.
Option B: Common OVSF codes, distinct scrambling codes. In our example, the OVSF codes would be assigned in the same was as in option A, but different scrambling codes would be used for the antennas. This option reduces the intercode interference, and the calculation of the SINR should account for this factor.

5.2.1.2.3
Physical layer aspects for MCS Selection 

 The UE determines the CQI for all antennas and transmits this information to the Node B on the reverse link. The actual information transmitted on the reverse link can be considered more abstractly as an index into a table giving the modulation, coding, and number of codes used for each transmit antenna. If there are N CQI values with non-zero rate for a given UE configuration under conventional single antenna HSDPA, then there are up to TN+1-1 combinations of CQIs with T antennas. A prefered subset of these combinations should be generated to reduce the amount of uplink signaling. The uplink information can also be multiplexed over multiple TTIs if necessary.   
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