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Final Draft: SDD Text on Uplink MIMO

Jerry Pi, Ron Porat, Yong Sun
Rapporteur Group Chairs
In order to provide a general framework, SDD text for the UL MIMO Scheme in this draft has been organized by function. Reference to specific solutions and terminology has been avoided. Dependencies on text in the SDD that is still under development have been captured in notes wherever applicable.

1. 
11.10 UL MIMO Transmission Scheme 
11.10.1. UL MIMO Architecture and Data Processing
The architecture of uplink MIMO on the transmitter side is illustrated in Figure 1.
In SU-MIMO, only one user is scheduled in one Resource Unit (RU). In MU-MIMO, multiple users can be scheduled in one RU. 
If vertical encoding is utilized, there is only one encoder/modulator block (one “layer”). If horizontal encoding is utilized, there are multiple encoders / modulators (multiple “layers”). A “layer” is defined as a coding / modulation path fed to the MIMO encoder as an input, and a “stream” is defined as each output of the MIMO encoder that is passed to the beamformer / precoder.

Figure 1 MIMO Architecture
The encoder block contains the channel encoder, interleaver, rate-matcher, and modulator for each layer. 

The Resource Mapping block maps the modulation symbols to the corresponding time-frequency resources in the allocated resource units (RUs).

The MIMO encoder block maps L (≥1) layers onto NS (≥L) streams, which are fed to the precoding block.  

The precoding block maps streams to antennas by generating the antenna-specific data symbols according to the selected MIMO mode. 
The OFDM symbol construction block maps antenna-specific data to the OFDM symbol.

If only one transmit antenna is used, the codeword to stream mapping, MIMO encoding and precoder are removed in Figure 1.

The base station (BS) will schedule users to resource blocks and decides their MCS level, MIMO parameters (MIMO mode, rank). PMI may be calculated at the BS or MS.

Decisions with regards to each resource allocation include:

· Allocation type: Whether the allocation in question should be transmitted with a distributed or localized allocation

· Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a single user or more than one user

· MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for the user(s) assigned to the resource allocation.

· User grouping: For MU-MIMO, which users are allocated to the resource allocation

· Rank selection: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the resource allocation.

· MCS level per layer: The modulation and coding rate on each layer must be determined.  

· Boosting: The power boosting values to be used on the data and pilot subcarriers. 
· Band selection: If localized resource allocation is used, the frequency band location.
11.10.1.1. Antenna Configuration
The antenna configurations are denoted by (NT, NR) where NT denotes the number of MS transmit antennas and NR denotes the number of BS receive antennas. The supported antenna configurations are NT  = 1, 2, or 4 and NR ≥ 2. Support of NT  = 3 is FFS.
11.10.1.2. Layer to Stream Mapping
For open-loop spatial multiplexing and closed-loop SU-MIMO, the number of streams, 
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. For open-loop transmit diversity modes, NS depends on the STC schemes employed by the MIMO encoder and its value is specified in Table 11.10.2.1.1-1. For SU-MIMO and MU-MIMO, Vertical encoding (SCW) is employed [Support for MCW is FFS pending decisions in DL MIMO].
11.10.1.3. Stream to Antenna Mapping
The stream to antenna mapping depends on the MIMO scheme used.  The mapping can be defined using the following equation
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where P is a pre-coding matrix, S(x) is an STC matrix, and x is the input layer vector.   

11.10.1.4. Resource mapping

The following table illustrates the MIMO mode permutation for various MIMO schemes.

Table 1. Supported resource channels in MIMO

	MIMO Scheme
	Resource Mapping

	Open-loop SU-MIMO
	Distributed or Localized

	Open-loop MU-MIMO
	Distributed or Localized

	Closed-loop SU-MIMO
	Distributed or Localized

	Closed-loop MU-MIMO
	Distributed or Localized


11.10.1.5. Signaling support for MIMO

One or both of the following approaches for TDD and FDD will be supported:

1. Downlink reference signals. These reference signals (e.g. Common Pilots or a Midamble) shall support measurements at the MS of the channel from the physical antennas of the BS. 
2. A downlink control channel may carry one or more of the following information computed based on uplink reference signals. Such information can include but is not limited to the following:

a. MIMO mode
b. Precoding matrix index (PMI)

In FDD systems and TDD systems, a base station may transmit the following uplink MIMO transmission parameters in the uplink closed-loop SU-MIMO mode:

· Rank

· Sub-band selection

· MCS / packet size
· 
· PMI
The uplink MIMO transmission parameters may be transmitted via a physical layer control channel or via a higher layer signaling message. 
11.10.2. Transmission for Data Channels 

11.10.2.1. Single-user MIMO
Single-user MIMO schemes are used to improve per-link performance in the uplink.  
Both open-loop single-user MIMO and closed-loop single-user MIMO are supported for the antenna configurations specified in Section 11.10.1.1. 

For open-loop single-user MIMO, both spatial multiplexing and transmit diversity schemes are supported. 
For closed-loop single-user MIMO, codebook based precoding is supported for both TDD and FDD systems. 
For closed-loop single-user MIMO, downlink pilot based precoding is supported for TDD systems. 
As described in section 11.10.1, the overall structure of MIMO processing has two parts. The first part is the MIMO encoder and second part is the precoder. 

The MIMO encoder is a batch processor that operates on M input symbols at a time. The input to the MIMO encoder is represented by an M ( 1 vector
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where si is the i-th input symbol within a batch. The output of the MIMO encoder is an NS ( NF MIMO STC matrix z = S(x), which serves as the input to the precoder. The output of the precoder is denoted by a matrix NT ( NF matrix
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where yi,j is the output symbol to be transmitted via the i-th physical antenna on the j-th subcarrier/symbol. Note NF is the number of subcarriers or symbols used to transmit the MIMO signals derived from the input vector x. For open-loop SU-MIMO, the rate of a mode is defined as 
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11.10.2.1.1. Open-loop SU-MIMO
A number of antenna configurations and transmission rates are supported in uplink open-loop SU-MIMO. Among them, 2Tx and 4Tx antennas with rate 1 transmission are defined as Transmit Diversity modes. The operation of these modes is specified in Section 11.10.2.1.1.1. The other modes, including 2Tx and 4Tx antennas with rate 2 transmission, 4Tx antennas with rate 3 transmission, and 4Tx antennas with rate 4 transmission, are defined as Spatial Multiplexing modes. The operation of these modes is specified in Section 11.10.2.1.1.2. The dimensions of the vectors and matrices for open-loop SU-MIMO are shown in the following table:
Table 11.10.2.1.1-1. Matrix dimensions for open-loop SU-MIMO modes

	NT
	Rate
	M
	NS
	NF

	2
	1
	1
	1
	1

	2
	1
	2
	2
	2

	4
	1
	1
	1
	1

	4
	1
	2
	2
	2

	2
	2
	2
	2
	1

	4
	2
	2
	2
	1

	4
	3
	3
	3
	1

	4
	4
	4
	4
	1


On a given frequency resource k [size is FFS], the precoding matrix P can be defined using the following equation:

P(k) = D(k)W(k).                  (Equation 11.10.2.1.1-1)
The precoder is composed of two matrices. The first matrix W(k) is an NT ( NS matrix, where NT is the number of transmit antennas and NS is the number of streams. The matrix W(k) is selected from a predefined unitary codebook, and changes every u subcarriers. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix. [The detailed unitary codebook, and the parameter u are FFS.] The second matrix D(k) is an NT ( NT diagonal matrix as follows,
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where k denotes frequency resource index and 
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 denotes the phase shift for the i-th transmit antenna across two adjacent frequency resources. [The value of 
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 is FFS.]
For OL SU-MIMO, the following schemes are FFS: rate-1 STBC/SFBC and rate-2 Double STBC/SFBC, 2-D POD for rate-1 and rate-2, rate-3 hybrid SM+STBC/SFBC, differential STBC/SFBC, Antenna hopping, and SM+Antenna hopping. 


11.10.2.1.1.1. Transmit Diversity
The following transmit diversity modes are supported for open-loop single-user MIMO:

· 2Tx rate-1: STBC/SFBC, and rank-1 precoder
· 4Tx rate-1: STBC/SFBC with precoder, and rank-1 precoder
In Transmit Diversity mode, the MIMO encoder generates 2Tx STBC/SFBC, and then multiplied by NT ( 2 matrix and NT ( NT diagonal matrix as described in section 11.10.2.1.1.
For the transmit diversity modes, for M=1, the input to MIMO encoder is
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and the output of the MIMO encoder is a scalar
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The output of the rank-1 precoder for NT = 2, and 4 Tx antennas is a NT ( 1 matrix
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where W and D may be frequency and/or time dependent as described in section 11.10.2.1.1.
For the transmit diversity modes, the input to the MIMO encoder is represented a 2 ( 1 vector 
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The output of the MIMO encoder is a 2 ( 2 matrix
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For the 2Tx rate-1 mode, the output of the precoder is a 2 ( 2 matrix
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For the 4Tx rate-1, the output of the precoder is a 4 ( 2 matrix
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where W is a 4 ( 2 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.10.2.1.1. 
11.10.2.1.1.2. Spatial Multiplexing
The following spatial multiplexing modes are supported for open-loop single-user MIMO:

· Rate-2 spatial multiplexing modes:

· 2Tx rate-2: rate 2 SM
· 4Tx rate-2: rate 2 SM with precoding
· Rate-3 spatial multiplexing modes:

· 4Tx rate-3: rate 3 SM with precoding

· Rate-4 spatial multiplexing modes:

· 4Tx rate-4: rate 4 SM
For the rate-2 spatial multiplexing modes, the input to the MIMO encoder is represented as a 2 ( 1 vector
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The output of the MIMO encoder is a 2 ( 1 vector
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For the 2Tx rate-2 mode, the output of the precoder is a 2 ( 1 vector
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For the 4Tx rate-2 mode, the output of the precoder is a 4 ( 1 vector
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where W is a 4 ( 2 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.10.2.1.1.

For the rate-3 spatial multiplexing modes, the input to the MIMO encoder is represented as a 3 ( 1 vector
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The output of the MIMO encoder is a 3 ( 1 vector
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For the 4Tx rate-3 mode, the output of the precoder is a 4 ( 1 vector
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where W is a 4 ( 3 precoder and D is a 4 ( 4 diagonal phase matrix. Note that W and D may be frequency dependent as described in section 11.10.2.1.1.

For the rate-4 spatial multiplexing modes, the input to the MIMO encoder is represented as a 4(1 vector
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The output of the MIMO encoder is a 4 ( 1 vector
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For the 4Tx rate-4 mode, the output of the precoder is a 4 ( 1 vector


[image: image25.wmf]z

y

=

.                      (Equation 11.10.2.1.1.2-10)
11.10.2.1.2. Closed-loop SU-MIMO
11.10.2.1.2.1. Precoding technique
In FDD and TDD systems, unitary codebook based precoding is supported. In this mode, a mobile station transmits a sounding pilot in the uplink to assist the uplink scheduling and precoder selection in the base station. The base station signals the resource allocation, MCS, rank, preferred precoder index, and packet size to the mobile station. The codebook on the uplink shall be the same or a subset of the SU-MIMO codebook in the downlink. The uplink codebook shall be constant modulus.
In TDD systems, downlink pilot based precoding is supported. In this mode, a mobile station transmits a sounding pilot in the uplink to assist the uplink scheduling in the base station. The base station signals the resource allocation, MCS, rank, and packet size to the mobile station. The mobile station chooses the precoder based on the downlink CQI measurement pilot. The precoder is vendor-specific. It is FFS whether the mobile station will feedback the rank and MCS to assist the uplink scheduling in the base station. 
The support of transmit antenna selection is FFS.

11.10.2.1.3. Uplink overhead channels for uplink SU-MIMO
In FDD systems and TDD systems, a mobile station may transmit a sounding signal on the uplink.
11.10.2.2. Multi-user MIMO

Uplink Multi-user MIMO is supported to enable multiple MSs spatially multiplexed on the same radio resources (e.g. the same time and the same frequency allocation) for uplink transmission. 
Both open-loop and closed-loop MU-MIMO are supported. 
MS precoding and/or beamforming is supported.

11.10.2.2.1. Precoding techniques

In MU-MIMO systems, the received signal of the f-th subcarrier at the BS can be represents as follows.
	
[image: image26.wmf]f

f

j

f

j

f

j

K

j

f

n

x

V

H

y

+

å

=

=

,

,

,

1


	(Equation 11.10.2.2.1-1)


where K is the number of the allocated users on one resource unit, 
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is the uplink channel response of the f-th subcarrier from the j-th MS to the BS; 
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 is the precoding matrix of the f-th subcarrier from the j-th MS; 
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is the transmit signal of the f-th subcarrier from the j-th MS; and 
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is the noise of the f-th subcarrier received at the BS.
In FDD and TDD systems, unitary codebook based precoding is supported. In TDD systems, downlink pilot based precoding is supported and the precoder is vendor-specific. The number of MSs or streams to support on the same time-frequency resource is also vendor/implementation specific. Different pilot patterns may be employed on different streams. Specific pilot patterns are FFS. The maximum number of pilot streams is limited to 4.
11.10.2.2.2. Open-loop MU-MIMO

MSs with single transmit antenna are supported in open-loop MU-MIMO transmissions. MSs with multiple transmit antennas are also supported in open-loop MU-MIMO transmissions. All uplink open-loop SU-MIMO modes are supported in open loop MU-MIMO for MSs with more than one transmit antenna.
11.10.2.2.3. Closed-loop MU-MIMO

Unitary codebook based precoding is supported for both TDD and FDD. In this case, the MS shall follow indication of PMI from the BS in a downlink control channel and perform codebook based precoding. Downlink pilot based precoding is supported in TDD systems. In this case, the precoder may be vendor-dependent.  
Non-unitary precoding is FFS.
11.10.2.2.4. Unification with SU-MIMO

Unified codebook for SU and MU may be supported. 
11.10.2.2.5. Feedback for MU-MIMO
Feedback with an uplink sounding signal is supported.
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