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1. Introduction
In the current TR 25.814 [1], the high level principles of MIMO for unicast traffic in E-UTRA downlink have been summarized. A LTE MIMO teleconference has been held before the RAN1#44 meeting to further decide which features of MIMO should be evaluated, and some agreements have been reached. More topics on the high level principles of MIMO will be discussed in this meeting.
In the document, a generic transmitter block structure is given. And more views on the high level principles of MIMO for unicast traffic are given to help decide the features. Especially, the differences of the implement of MIMO between FDD and TDD operation are shown. The differences between FDD and TDD may affect the high level principles of MIMO and should be considered when deciding which features should be supported or not. Due to the channel reciprocity, some features may be supported easily to obtain more benefits in TDD operation.
2. The generic transmitter block structure of MIMO in E-UTRA downlink
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Figure 1, the generic transmitter block structure of MIMO in E-UTRA downlink
The generic transmitter block structure of MIMO is shown in figure 1, including several data processing units and one controller unit. It is noted that the OFDM modulation process is ignored to simplify the description. Each data processing unit is controlled by the controller unit according to the pre-decided strategy and the inputted UE information, which may be gotten differently between FDD and TDD operation. When the specific data processing is decided by the controller unit, some necessary control signals may be transmitted in downlink before the data transmission. 
The data processing flow is shown as following.

(1) K users’ data blocks are inputted to the user grouping unit, and G groups are created (G≤K). 
(2) One preferred group is selected in the scheduling unit, and Q data blocks are outputted (Q≤K).
(3) Each data block is segmented into one or several sub-blocks in the data block segmentation unit, thus P sub-blocks are created (P≥Q).
(4) Each sub-block are coded and modulated separately according to the corresponding MCS.
(5) P coded sub-blocks are inputted to the layering unit, each sub-block may be layered into one or several streams, thus S streams are created (S≥P).
(6) The reference signals are inserted to each stream in TDD operation, thus S orthogonal reference signals within one cell are required. This process is transparent to FDD operation.

(7) S streams are pre-coded in the pre-coding unit, and M antenna signals are created (M≥S).

(8) The reference signals are inserted to each antenna signal in FDD operation, thus M orthogonal reference signals within one cell are required. This process is transparent to TDD operation.

(9) M antenna signals are transmitted in their corresponding antennas, and S beams are created in the spatial channel thanks to the pre-coding.

The generic transmitter block structure shown in figure 1 can help to illustrate the high level principles of MIMO, which will be further clarified in the next section. Some data processing units and the inputted UE information shown in the block structure may be simplified during the MIMO discussions and further evaluations.
3. Views on the High Level Principles of MIMO
3.1. Topic 1: SU-MIMO vs. MU-MIMO
It has been noted that SU-MIMO (SDM) is a special case of MU-MIMO (SDMA). When the transmitted streams (beams) are all focused on one UE, the MU-MIMO becomes SU-MIMO. Using SU-MIMO or MU-MIMO is decided by the Node B/system capability. The related processing units in figure 1 are user grouping unit and scheduling unit. If the default operation mode is MU-MIMO, the users will be grouped according to the grouping information, which may be decided by the UE requests (e.g. services information, preferred rank), the corresponding pre-coding matrix, and etc. One group will be selected according to the selected group index from controller unit. The group including multiple users may be selected, thus the operation mode will be MU-MIMO indeed. But when the group with only single user is selected, the operation mode will be SU-MIMO. If only the SU-MIMO is supported, the number of group G will be equal to the number of user K, i.e. the user grouping unit will be transparent.
In addition, when the default operation mode is MU-MIMO, the UE receiver needs to know which stream belongs to it. This stream allocation information, or the reference signals allocation information should be transferred to the corresponding UE through downlink control signals. But when only the SU-MIMO is supported, all the streams are belong to the same UE and only the number of streams is required at the UE. So the downlink control signals overhead and scheduling complexity should be considered during the MU-MIMO evaluation.
It is noted that SU-MIMO is assumed in the next discussions.
3.2. Topic 2: SCW vs. MCW
If one user data block is coded and modulated into one coded block, the codeword number is one, i.e. SCW. If one user data block is segmented, coded and modulated separately into multiple coded sub-blocks, the codeword number is larger than one, i.e. MCW. It is noted that the operation mode should be considered as SCW when MU-MIMO is applied but only one MCS is related with one user.

It has been agreed that multiple codeword transmission with single codeword transmission as a special case is included for evaluation during the LTE MIMO teleconference. The MCW operation will lead to per sub-block rate control according to each corresponding MCS, and can benefit from SIC-like receiver. When the number of sub-blocks is equal to the number of streams, i.e. P=S, the per sub-block rate control can be seen as PSRC. When the number of sub-blocks is smaller than the number of streams, i.e. P<S, the per sub-block rate control can be seen as PGRC. When the number of sub-blocks is equal to the number of streams, and the number of streams is equal to the number of antennas, i.e. P=S=M, the per sub-block rate control can be seen as PARC. Possible values for the maximum number of codewords per data block are 2, 3, or 4, which related with the CQIs feedback overhead. If the CQIs feedback overhead can be accepted, the number of sub-blocks should be equal to the number of streams, i.e. P=S, to obtain more rate control gain.
If the default operation mode is MCW, and when the rank of channel is only one, the number of codeword will be one, i.e. SCW. 
3.3. Topic 3: Rank adaptation
The rank adaptation is selecting the number of streams (beams) according to the channel state information. The rank adaptation function will affect several processing units in figure 1, especially the layering unit. The stream number for each sub-block is decided by the rank adaptation. 
The rank adaptation can be realized according to the CQI feedback and/or CSI. If CSI is not available, the CQI feedback related to each stream can be used to understand the spatial correlation. For example, when small modulation order and low code rate will be used to each stream according to the CQI feedback, reducing the number of streams and applying high MCS level to each stream may help to increase the performance. In other words, MIMO is used at the high SNR region. When the SNR is low, single stream transmission is preferred.
When the CSI is known at the transmitter, the precise rank value of channel can be obtained from the decomposition of channel matrix. This can help to improve the performance of MIMO transmission. But the full CSI is hard to get at the transmitter in FDD operation with feedback method which leads to increasing the feedback overhead. Due to the channel reciprocity in TDD operation, the full CSI at the transmitter can be gotten easily with channel sounding in uplink. So the rank adaptation can be easily supported in TDD operation without feedback requirements for CSI.
3.4. Topic 4: Pre-coding
Using of pre-coding has been decided to be included for evaluation during the LTE MIMO teleconference. Pre-coding can convert the antenna domain MIMO signals processing into the beam domain processing and exploit the additional degree(s) of freedom enabled by multiple antennas with the known CSI to improve system performance [2]. It is noted that S generalized beams will be generated when the number of streams inputted to the pre-coder unit is S, i.e. each beam is corresponding to each column of the pre-coding matrix. In addition, the concepts of SU-MIMO (SDM) and MU-MIMO (SDMA) can be easily explained in beam domain. When all the beams are allocated to a single user, it is the SU-MIMO, and when the beams are allocated to different users, it is the MU-MIMO. When the number of beam is one, i.e. S=1, the pre-coding will be dynamic transmit beam-forming or close loop transmit diversity. So dynamic transmit beam-forming or close loop transmit diversity can be seen as a special case of pre-coded MIMO.
In general, the pre-coding matrix has the dimension of M by S, where S is the number of streams and M is the number of antennas shown in figure 1. The input vector of streams and the output vector from spatial channel have the relation below.
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Where Y is the received symbol vector with dimension of Nx1, X is the transmitted symbol vector using the same time-frequency unit with dimension of Sx1, V is the pre-coding matrix, H is the channel matrix with dimension of NxM, N0 is the noise vector with dimension of Nx1, and N the number of antennas at receiver. HE is the equivalent channel matrix jointed from pre-coding matrix and channel matrix. Using the equivalent channel matrix can simplify the detection process at receiver especially in TDD operation.
There are two types of reference signals insertion method corresponded to FDD operation and TDD operation respectively shown in figure 1. In general, the equivalent channel matrix concept may be used both in FDD and TDD operation, but the real channel matrix H is also required to obtain the CSI in FDD operation, because the pre-coding matrix and/or rank can not be calculated from equivalent channel matrix. So the reference signals should be inserted to each antenna signal after pre-coder unit in FDD operation and the number of orthogonal reference signals within one cell will be equal to the number of antennas. In TDD operation, the CSI can be obtained from channel sounding in uplink to calculate the pre-coding matrix and/or rank, while the real channel matrix H is not required to detect the signals at the receiver in downlink. So the reference signals should be inserted to each stream before pre-coder unit in TDD operation to simplify the detection process and avoid the downlink control signals carrying the pre-coding matrix which is unknown at receiver. The number of orthogonal reference signals within one cell will be equal to the number of streams. In a sense, the number of antennas at transmitter will not be limited by the number of orthogonal reference signals within one cell, which has been decided as up to 4 in TR25.814 [1]. How many antennas will be used at Node B is indeed an implementation issue in TDD operation. Thus the maximum number of TX antennas for evaluation in TDD operation can be larger than 4. In other words, the antenna configuration requirement for evaluation should be changed to the streams number (which is always smaller than or equal to the antenna number) requirement, i.e. the maximum number of streams for evaluation is 4.
Due to the quantization of pre-coding matrix to reduce the feedback overhead in FDD operation, part of CSI may be lost. This may affect the system performance of pre-coding in FDD operation. But in TDD operation the transmitter knows the full CSI, especially when the mobile speed is slow. Higher system performance of pre-coding may be obtained in TDD operation. Another important issue in FDD operation is the pre-coding matrix design related with the feedback overhead, e.g. unitary pre-coding or non-unitary pre-coding. But in TDD operation, the pre-coding matrix doesn’t need to be quantized and informed to the receiver. Any type of pre-coding can be used. The conclusion of decision on whether using pre-coding or not and the details of pre-coding matrix design will not affect the use of pre-coding in TDD operation. So the pre-coding is proposed to be used in TDD operation.
Some other scheme like antenna selection or grouping can be easily realized using the pre-coding. For example, when the number of streams is 2 and the number of antennas is 4, and if the pre-coding matrix is e.g. shown in formula (2), the antenna selection scheme is used. If the pre-coding matrix is e.g. shown in formula (3), the antenna grouping scheme is used.
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In this manner, the MIMO scheme of PSRC-SNC proposed for EUTRA by CATT [3] can be realized with the pre-coding matrix like formula (4), when the number of streams is 4 and the number of antennas is 8.
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Where 
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 are the beam-forming weights for each antenna in one antenna group.

In addition, the transmit power allocation scheme for MIMO can also be easily realized with pre-coding. The weight magnitude related with one stream will affect the power allocation to the stream.

3.5. Topic 5: Open loop operation vs. close loop operation
The open loop operation doesn’t need any feedback information during transmission, e.g. CSI and/or CQI which are used in close loop operation to obtain additional gain.
In general, the open loop operation can be seen as a special case of close loop operation when ignoring the feedback information, but this will lead to feedback waste. To reduce the feedback overhead, the indication of operation mode should be defined. Because two types of feedback information in FDD operation may be required, three types of close loop operation should be defined, i.e. there are four operation modes (two bits signals) in FDD operation may be defined as follows:
(1) open loop operation, which does not need any feedback information

(2) close loop operation type I, which only needs the CQI feedback

(3) close loop operation type II, which only needs the CSI feedback
(4) close loop operation type III, which needs both the CQI and CSI feedbacks
The “open loop transmit diversity” and “open loop MIMO” may not be involved into the open/close loop discussions, and both can be seen as open loop operation mode. Whether using “open loop transmit diversity” or “open loop MIMO” may be decided by the UE capability and system capability, and which is selected will be informed to the receiver with downlink control signals. Many close loop MIMO schemes can be united to one generic scheme, e.g. shown in figure 1, and also they can be distinguished with rank, pre-coding matrix, and etc.
Anyway, in TDD operation the CSI feedback may not be required, so only two operation modes (one bit signals) may be defined as follows:
(1) open loop operation, which does not need any feedback information

(2) close loop operation, which only needs the CQI feedback
3.6. Topic 6: Feedback information required to support MIMO operation
3.6.1 CSI
The CSI is required to support selection of rank (and/or the antenna subset), and/or the pre-coding, etc. Pre-coding and rank adaptation have been included for evaluation after the LTE MIMO teleconference. So CSI should be acquired and used to support advance transmission adaptation technology, such as rank adaptation and/or the pre-coding. 
Two types of CSI acquisition method should be considered i.e. downlink acquisition followed by feedback method in FDD operation, and uplink acquisition method with channel sounding in TDD operation, which have been distinguished in figure 1. The downlink acquisition method requires the reference signals not be pre-coded in downlink to learn the real CSI, and need feedback scheme, which may lead to feedback overhead in uplink and reduce the pre-coding performance caused by the quantization of pre-coding matrix. The uplink acquisition method requires multiple orthogonal reference signals allocated to each transmit antenna and not be pre-coded in uplink to learn the real CSI, and does not need feedback scheme. This uplink reference signals requirement has been included in TR 25.814, and may lead to overhead in uplink, which may be similar with the feedback overhead. The full CSI can be used at the transmitter in TDD operation due to that quantization of pre-coding matrix is not required, so higher pre-coding performance may be obtained.
3.6.2 CQI
The CQI is used to decide the MCS level(s) at the Node B. It has been decided that multiple codeword transmission with single codeword transmission as a special case is included for evaluation. So the CQI is assumed to be always transmitted in MIMO operation. The further issue to be decided is how many codewords should be supported per data block. Because the CSI feedback in TDD operation is not required, more CQI feedback overheads could be allowed to support up to 4 codewords to obtain better rate control performance.
In addition, the CQI can help to select the rank of spatial channel which has been discussed in section 3.3.

3.6.3 Indication of (preferred) operation mode
The indication of (preferred) operation mode is used to inform the Node B which operation mode wanted to be used. Reference to the discussion in section 3.5, only open loop or close loop operation modes should be defined to reduce feedback overhead. Many close loop MIMO schemes can be united to one generic scheme, e.g. shown in figure 1, and also they can be distinguished with rank, pre-coding matrix, and etc.
Four operation modes (two bits signals) in FDD operation should be defined, and two operation modes (one bit signals) in TDD operation should be defined. Anyway the indication of (preferred) operation mode can be seen as parts of UE requests which have been shown in figure 1. 
4. Conclusions

The views on high level principles of MIMO for unicast in E-UTRA downlink are summarized as follow. These views should be considered during the discussions of high level principle of MIMO.
(1) The agreement that maximum antenna configuration for evaluation is 4x4, should be revised as in stream concept, i.e. the maximum number of streams for evaluation is 4 in downlink. This is unified for FDD and TDD operation.
(2) SDMA (or MU-MIMO) with SDM (or SU-MIMO) as a special case is included for evaluation. And the downlink control signals overhead and scheduling complexity should be considered during the MU-MIMO evaluation.
(3) MCW with SCW as a special case is included for evaluation. Possible values for the maximum number of codewords per resource block are 2, 3, or 4. Because the CSI feedback in TDD operation is not required, more CQI feedback could be allowed to support up to 4 codewords to obtain better rate control performance.
(4) Rank adaptation, of which exact implementation is FFS, is included for evaluation. The rank adaptation can be realized according to the CQI feedback and/or CSI. For TDD operation, the rank adaptation can be easily supported due to no feedback requirements for CSI.
(5) Using pre-coding is included for evaluation. The dynamic transmit beam-forming or close loop transmit diversity can be seen as a special case of pre-coded MIMO when rank is one. The downlink reference signals should be inserted to each stream before pre-coding to simplify the detection process. Thus the number of antennas at transmitter will not be limited by the number of orthogonal reference signals within one cell in TDD operation. The conclusion of decision of whether using pre-coding or not and the details of pre-coding matrix design will not affect the use of pre-coding in TDD operation. So the pre-coding is proposed to be used in TDD operation
(6) Open loop operation should be supported as a special case of close loop operation. Four operation modes in FDD operation should be defined to consider different feedback overhead. And in TDD operation only two operation modes is required to be defined without requirement of CSI feedback.
(7) Three types of feedback information in FDD operation and two types of feedback information in TDD operation are required to support MIMO operation

a) CSI should be acquired and used to support advanced transmission adaptation technology, such as rank adaptation and/or the pre-coding. In FDD operation, the CSI is acquired at receiver and required feedback scheme. In TDD operation, the CSI is acquired at transmitter with channel sounding and not required feedback scheme. The CSI uplink acquisition method in TDD operation requires multiple orthogonal reference signals between transmit antennas and these signals are not be pre-coded in uplink.
b) CQI is assumed to be always transmitted in MIMO operation. The further issue to be decided is how many codewords should be supported per data block. Because the CSI feedback in TDD operation is not required, more CQI feedback could be allowed to support up to 4 codewords to obtain better rate control performance.

c) The indication of (preferred) operation mode should be defined to reduce feedback overhead. Four operation modes (two bits signals) in FDD operation according to different feedback overhead should be defined, and two operation modes (one bit signals) in TDD operation should be defined.
5. Reference

[1] 3GPP TR 25.814, v1.0.2, Physical layer Aspects for Evolved UTRA (Release 7), 2006-1.
[2] R1-051353, Samsung, Downlink MIMO for EUTRA, Seoul, Korea, 7-11 November, 2005.
[3] R1-051403, CATT, Modified PSRC scheme with stream number control for E-UTRA downlink, Seoul, Korea, 7-11 November, 2005.

_1200819814.unknown

_1200832736.vsd
User Grouping�

AMC�

Layering�

AMC�

User 1 
data blcok�

Scheduling�

�����

Group 1�

User K 
data block�

�����

Pre-coder�

Group G�

�����

User 1
data block�

Data block segmentation�

User Q
data block�

Sub-block 1�

Sub-block P�

�����

�����

Stream 1�

Stream S�

Ant 1�

Ant M�

Beam 1�

Beam S�

�����

Controller�

Reference signals (TDD option)�

Reference signals (FDD option)�

Selected �group index�

Grouping information�

Sub-block number for each block�

MCS 1�

MCS P�

MCS information�

Stream number for each sub-block�

Pre-coding matrix�

Downlink 
control signals�

UE requests�(including the indication of operation mode)�

CQI reports from each UE�

CSI feedbacks �from each UE
(FDD option)�

CSIs obtained by channel sounding from each UE
(TDD option)�


_1200914925.unknown

_1200914937.unknown

_1200914871.unknown

_1200819980.unknown

_1200640932.unknown

