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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]. This is caused by the different implementation methods of dynamic beam-forming between FDD and TDD.
In this document, the different implementation methods of dynamic beam-forming between FDD and TDD will be further clarified. In addition, the implementation methods of pre-coding in downlink MIMO are also different between FDD and TDD due to the same reason. The implementation method of beam-forming/pre-coding can reduce reference signal overhead in TDD downlink. But to get CSI from channel sounding in TDD uplink, more orthogonal uplink reference signals should be allocated to multiple TX antennas at one UE when pre-coding in downlink MIMO is performed.
A TP of requirement for multiple orthogonal uplink reference signals to perform channel sounding in TDD mode is included in this document.
2. Different implementation methods of dynamic beam-forming and pre-coding 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). 
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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 single stream dynamic beam-forming, only one beam will be created, so just one reference signal is needed. The implementation method of dynamic beam-forming in TDD mode can reduce downlink reference signal overhead and doesn’t need feedback weight vector indicator in uplink.
For FDD mode, the downlink and uplink transmissions are allocated with separate frequency band, so the dynamic beam-forming weight vector can not be acquired from channel sounding in uplink. Instead, the beam-forming weight vector in FDD mode can be acquired using feedback methods. There are two feedback methods proposed in [2], i.e. the codebook feedback and DCFB method. When performing beam-forming 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 at Node B to all receive antennas. 
For multiple stream transmission, using pre-coding has been agreed for evaluation. It benefits from the channel state information at the transmitter which also can be acquired with different implementation methods, i.e. the channel sounding method for TDD and feedback method for FDD. When performing pre-coding in TDD 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). 
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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. Further more, the beam domain processing in TDD MIMO enables operation with any number of antennas at Node B, not necessarily limited to four, while doesn’t need feedback pre-coding matrix indicator in uplink.
3. Channel sounding in TDD mode

The CSI can be used to get pre-coding/beam-forming matrix and to perform rank adaptation. In TDD mode the CSI can be acquired using channel sounding in uplink. The channel sounding can lead to better pre-coding/beam-forming gain than the feedback method in FDD mode, which can be found in [2]. 

To perform channel sounding in TDD mode, only one uplink reference signal at one UE is needed when performing single beam transmission in downlink. But when performing multi beam transmission in downlink, more orthogonal uplink reference signals are needed for multiple TX antennas at one UE, and the number of orthogonal uplink reference signals should be larger than or equal to the number of beams in downlink [3]. This requires orthogonal uplink reference signals between all of the UE’s antennas transmitted in TDD uplink, no matter the uplink MIMO transmission in a single UE is done or not. Multiple such mutually orthogonal uplink reference signals can be allocated to a single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO), or be allocated to different UEs within the same Node B [1]. When performing pre-coded MIMO in TDD downlink, the mutually orthogonal uplink reference signals should also be allocated to one UE to enable channel sounding in TDD uplink.
4. Conclusions and Text Proposal

From the discussions above, the requirements of reference signals in downlink beam-forming and pre-coded MIMO have been clarified. The number of orthogonal reference signals is only related with the number of beams, not the number of antennas at Node B. How many antennas are used at Node B is indeed an implementation issue in TDD mode.
The channel sounding method in TDD mode can lead to better pre-coding/beam-forming gain than the feedback method in FDD mode. To support channel sounding in TDD uplink when performing pre-coded MIMO in TDD downlink, mutually orthogonal uplink reference signals should also be allocated to a single multi-transmit-antenna UE. A TP to be included in the section 9.1.1.2.1 in TR 25.814 is shown below.
-----------------------------------------------------Start of Text Proposal--------------------------------------------------------
9.1.1.2.1
Uplink reference-signal structure
As indicated in Section 9.1.1, uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Uplink channel estimation for uplink coherent demodulation/detection

· Possible uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling

Provided that uplink transmissions are received in a time-aligned fashion (within the cyclic-prefix tolerance), multiple mutually orthogonal reference signals can be created. Multiple such mutually orthogonal uplink reference signals can be allocated to 

· A single multi-transmit-antenna UE to support e.g. uplink multi-layer transmission (MIMO)
· Different UEs within the same Node B
· A single multi-transmit-antenna UE to support channel sounding in TDD uplink when performing pre-coding in MIMO operation in TDD downlink, and to help to select the rank.
……
----------------------------------------End of Text Proposal-----------------------------------------------
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