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1. Introduction
In the current TR 25.814, it has been noted that for TDD, orthogonal reference signals may not be needed between TX antennas of the same Node B if the multiple TX antennas are used for downlink dynamic beam-forming [1]. It means only one reference signal is required and beam-formed when performing dynamic beam-forming in TDD mode. This is one important difference between FDD and TDD when performing dynamic beam-forming.

Further more, it has been assumed that using pre-coding as a means to convert the antenna domain MIMO signal processing into beam domain processing should be investigated [1]. The pre-coding is very similar with dynamic beam-forming, i.e. the signal processing in beam domain. The main difference is that multiple beams will be generated when using pre-coding and only one beam will be generated when using dynamic beam-forming. So as the dynamic beam-forming in TDD mode, the reference signals also require pre-coding and the number of reference signals should be equal to the number of beams.
This kind of dynamic beam-forming/pre-coding in TDD mode will lead to following advantages:

· Less orthogonal reference signals required,
· Simplified processing at the receiver, 
· Easy to supporting more transmit antennas, e.g. 8

· No weight vector/pre-coding matrix indicator feedback, 
· Supporting unitary or non-unitary pre-coding, and
· Better dynamic beam-forming/pre-coding performance with full CSI.

These advantages come with neither receiver complexity increase nor additional feedback. TDD-specific pre-coding method and its corresponding characteristics should be considered during evaluation. A TP is included in the contribution to clarify the dynamic beam-forming/pre-coding method in TDD mode. 
2. Dynamic beam-forming/pre-coding method in TDD mode
Due to the channel reciprocity in TDD mode, the dynamic beam-forming weight vector for single stream transmission can be gotten from channel sounding in uplink. When performing beam-forming the data signals and reference signals are both weighed. The receiver doesn’t need to know the weight vector because the weight vector and channel matrix can be combined to one equivalent channel matrix. This can be illustrated in formula (1) and figure 1. 

[image: image1.wmf]E

=

00

Y=HWx+NHx+N

 






(1)
In the formula above, Y is the received symbol vector, x is the transmitted symbol, W is the weight vector, H is the channel matrix, N0 is the noise vector and HE is the equivalent channel matrix. The receiver only needs to estimate the equivalent channel matrix HE, so orthogonal reference signals may not be needed between TX antennas. When performing dynamic beam-forming, only one beam will be created, so just one reference signal is needed. The method of dynamic beam-forming in TDD mode can reduce downlink reference signal overhead and doesn’t need feedback weight vector indicator in uplink.

[image: image2.emf]B

e

a

m

-

f

o

r

m

i

n

g

…

…

Reference signals

x

R

e

c

e

i

v

e

r

Y

H

 H

E

…

…

N

0

W


Figure 1, the dynamic beam-forming block structure in TDD mode
For multiple stream transmission (MIMO), using pre-coding has been agreed for evaluation. The pre-coding is very similar with dynamic beam-forming, i.e. the signal processing in beam domain. The main difference is that multiple beams will be generated when using pre-coding and only one beam will be generated when using dynamic beam-forming. So like dynamic beam-forming, when performing pre-coding in TDD mode the data signals and reference signals are both pre-coded. The receiver doesn’t need to know the pre-coding matrix because the pre-coding matrix and channel matrix can be combined to one equivalent channel matrix. This can be illustrated in formula (2) and figure 2. 
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Figure 2, the pre-coding block structure in TDD mode

In the formula above, Y is the received symbol vector, X is the transmitted symbol vector using the same time-frequency unit, V is the pre-coding matrix, H is the channel matrix, N0 is the noise vector and HE is the equivalent channel matrix. The pre-coding can convert the antenna domain MIMO signal processing into the beam domain processing. It is noted that multiple generalized beams are generated and each beam is corresponding to each column of the pre-coding matrix. The receiver only needs to estimate the equivalent channel matrix for each beam, so orthogonal reference signals are only needed between different beams. When the number of beams is one, the pre-coding matrix becomes beam-forming vector, i.e. beam-forming is pre-coded MIMO when the rank equals to one. 
3. Advantages of using dynamic beam-forming/pre-coding in TDD mode
For FDD mode, the downlink and uplink transmissions are allocated with separate frequency band, so the beam-forming weight vector/pre-coding matrix can not be acquired from channel sounding in uplink. Instead, the beam-forming weight vector/pre-coding matrix in FDD mode can be acquired using feedback methods. When performing dynamic beam-forming/pre-coding in FDD mode the data signals are weighed but reference signals are not. The receiver needs to estimate the channel matrix H, so more orthogonal reference signals are needed between TX antennas of the same Node B to estimate downlink channel from all transmit antennas to all receive antennas. This is the dynamic beam-forming/pre-coding method in FDD mode, and is different than TDD mode. 
Due to the different method of beam-forming/pre-coding between TDD and FDD mode, more advantages as following in TDD mode can be achieved than FDD mode.
(1) Less orthogonal reference signals requirement
Because the number of orthogonal reference signals is related with the number of beams in TDD mode, when the number of beams is less than the number of transmit antenna, less orthogonal reference signals will be required than FDD mode. 
(2) Simplified processing at the receiver
In FDD mode, the receiver needs to estimate the channel matrix H, and then use the known beam-forming vector/pre-coding matrix to construct the equivalent channel matrix HE. The processing at the receiver is different when performing dynamic beam-forming / pre-coding or not in FDD mode. But in TDD mode, the receiver can get the equivalent channel matrix HE after channel estimation, and the receiver need not to know the beam-forming vector/pre-coding matrix. The receiver will not be affected whether dynamic beam-forming / pre-coding is performed or not. This will lead to no receiver complexity increased when performing dynamic beam-forming / pre-coding in TDD mode.
(3) Easy to supporting more transmit antennas
As mentioned before, the number of orthogonal reference signals is only related with the number of beams in TDD mode. One beam can be generated with any number of transmit antennas but only one reference signal is required. More transmit antennas can lead to higher beam-forming / pre-coding gain. So in TDD mode, more transmit antennas can be easily supported and higher performance can be gained.
(4) No weight vector/pre-coding matrix indicator feedback
In FDD mode, the beam-forming weight vector/pre-coding matrix is calculated, quantified at the receiver and fed back to the transmitter with a weight vector/pre-coding matrix indicator. But in TDD mode, the dynamic beam-forming weight vector/pre-coding matrix can be gotten from channel sounding in uplink. No weight vector/pre-coding matrix indictor feedback is required. 
(5) Supporting any type pre-coding

Because the receiver doesn’t need to know the weight vector/pre-coding matrix and no indictor feedback is required. The weight vector/pre-coding matrix is decided by the transmitter only. So any type pre-coding can be supported in TDD mode. This can increase the flexibility and performance of pre-coding in TDD mode. And the issue of unitary or non-unitary pre-coding in FDD mode will not be independent of TDD mode. 
(6) Better dynamic beam-forming/pre-coding performance with full CSI
As mentioned before, the CSI can be gotten form channel sounding in TDD uplink. No weight vector/pre-coding matrix indictor feedback is required. This will lead to the CSI from channel sounding can be fully utilized, more exact beam-forming weight vector/pre-coding matrix can be used, unlike the quantification is required in FDD mode. Better dynamic beam-forming/pre-coding performance can be achieved in TDD mode than in FDD mode, which can be found in [2]. 
4. Conclusions and Text Proposal

From the discussions above, the dynamic beam-forming/pre-coding method in TDD mode is given in section 2. And this kind of dynamic beam-forming/pre-coding will lead to certain advantages.
So when considering the properties/capabilities of FDD and TDD duplex arrangements, the specific dynamic beam-forming/pre-coding method in TDD mode should be clarified in TR 25.814. TDD-specific pre-coding method and its corresponding characteristics should be considered during evaluation. A TP to be included in the section 7.1.1.4.2 in TR 25.814 is shown below.
-----------------------------------------------------Start of Text Proposal--------------------------------------------------------
7.1.1.4.2 High level principles of MIMO for unicast traffic
Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 

Other high level principles are as the followings:

· Maximum antenna configuration for evaluation is 4x4.
· Multiple codewords (including single codeword as a special case) that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated. Possible values for the maximum number of codewords per resource block transmitted by the Node B are 1, 2, 3, or 4. Possible values for the maximum number of codewords that can be received by the UE are 1, 2, 3, or 4
· In addition to the SDM, the spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency(-code) resource is supported for evaluation, which may be denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO. Note that the SDM is a special case of the SDMA.
· Use of pre-coding as a means to convert the antenna domain MIMO signal processing into the beam domain processing should be investigated. When only one beam is generated, the pre-coding can be seen as equivalent to dynamic beam-forming. It is FFS whether the precoding should be unitary or non-unitary. Because precoding might require less complex (linear) receivers to achieve a given level of performance, both the receiver complexity requirements and the performance of MIMO algorithms should be considered.  Any additional feedback required for precoding and any additional related computational complexity in the UE should also be taken into account. In TDD mode, multiple mutually orthogonal UE-specific reference signals are needed between multiple dynamic beams of the same cell, and the UE-specific reference signals and data symbols are both pre-coded before transmitting. This will allow unitary or non-unitary pre-coding, with neither receiver complexity increase nor additional feedback requirement. TDD-specific pre-coding method and its corresponding characteristics should be considered during evaluation.
· Rank adaptation (and/or the antenna subset selection), of which exact implementation is FFS, is supported for evaluation as a means to prevent possible performance loss from using higher number of MIMO layers than can be supported by the channel condition.
· An open loop transmit diversity should be investigated as an alternative mode of MIMO operation than the one requiring MIMO-specific feedback from the UE. 
· Followings are identified as candidates for the UE feedback information but not limited to:
· MIMO channel state information, which may be used by the Node B to determine MIMO processing consisting of e.g., selection of the rank (and/or the antenna subset), and/or the pre-coding, etc.  
· If, for TDD operation, uplink reference signals should be transmitted to provide channel state information to support downlink MIMO transmission.
· Channel quality indicator (CQI), which may be used by the Node B to decide a MCS level(s). In addition to the CQI, another form of feedback signalling, which may be similar to the feedback information (FBI) as defined from Rel-99, should be considered as a candidate feedback signalling. 
· If multiple operation modes are defined, e.g. MIMO and open loop transmit diversity,, and an open loop MIMO are supported, it may be needed for a UE to inform the Node B of the indication of (preferred) operation mode.
---------------------------------------End of Text Proposal-----------------------------------------------
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