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1. Introduction
It has been stated that both codebook based pre-coding and non-codebook based pre-coding should be considered in section 7.1.1.4.3 of TR 25.814 [1]. However, the up-to-date discussion and conclusion for MIMO pre-coding schemes was concentrated on codebook based pre-coding, but paid too little attention to non-codebook based pre-coding.
It is proposed non-codebook based MIMO pre-coding as an option for E-UTRA downlink, especially for TDD mode to take full advantage of channel reciprocity.
2. Basic principle of MIMO pre-coding
For single user MIMO case, it is well known that MIMO pre-coding may bring out a noticeable gain. Provided that the transmitter can get the full MIMO channel state information, capacity can be achieved by water-filling over the eigen-modes of the MIMO channel.
For multi-user MIMO case in the uplink, transmitters of UEs can not cooperate, but the receiver of the Node B can jointly process the received signal at all the antennas. This means that all the channels between UEs and Node B can be estimated jointly if the reference signals for different data streams of different UE are mutual orthogonal. 

On the other hand, the receivers of UEs can not cooperate in the downlink. But if the transmitter of Node B can acquire the full downlink MIMO channels information, then the interference between data streams at UEs could be deduced at Node B, and so Node B can do SDMA by inter-stream interference control using orthogonal pre-coding vectors or near orthogonal pre-coding vectors at the transmitter. 
3. Non-codebook based pre-coding option
If the downlink MIMO channel is perfectly known at the transmitter of Node B, non-codebook based pre-coding option can be used for the downlink MIMO transmission. The implementation details of non-codebook based pre-coding is analyzed in the following subsections.
3.1. Uplink channels

Uplink channels related with non-codebook based MIMO pre-coding are:
· UL channel for reporting DL MIMO CQIs 
· UL reference signal channel for UL data demodulation
· UL reference sounding channel for DL MIMO channel or UL channel for reporting DL MIMO channel
For FDD mode, since the channel reciprocity between the uplink and the downlink is rarely maintained, the full downlink MIMO channel information may be measured by UE, and then reported from UL Channel for reporting DL MIMO Channel.
For TDD mode there has another option utilizing the channel reciprocity, the full downlink MIMO channel information can be measured in the uplink [2]. The simplest way is to transmit reference signals in the uplink, which is referred to as uplink channel sounding [3]. Based on the received sounding reference signals, the Node B can measure the uplink channel to each of its antennas, and then predicates the downlink MIMO channel for the next pre-coded MIMO transmission in the downlink.
In order to get full downlink MIMO channel state information, uplink channel sounding reference signals must be transmitted from multiple antennas at UE. The sounding reference overhead is only dependent on the number of antennas at UE but not at Node B, which means that Node B can be equipped more antennas to achieve more degree of freedom at the Node B, so that the performance both in uplink and downlink can be improved.
It is reasonable to reuse some uplink control/reference/data channel as uplink channel sounding channel, but these uplink channels need not necessary to be transmitted from multiple antennas at UE. So we propose to design an uplink sounding reference channel specifically. The physical resource mapping for the uplink sounding reference channel is FFS.
3.2. Downlink channels

Downlink channels related with non-codebook based MIMO pre-coding are:
· DL pre-coded MIMO data channel
· DL pre-coded reference signal channel
· DL common reference signal channel
Since transmitting pre-coding vectors directly to UEs is not capacity efficient, DL pre-coded reference signal channel is transmitted along with pre-coded data streams using the same pre-coding vectors. DL pre-coded MIMO data channel is demodulation by pre-coded MIMO channel, which is estimated from DL pre-coded reference signal channel. See [4] [5] [6] for more details on the consideration of pre-coded reference signal channel for TDD.
DL common reference channel, which is unnecessary to transmit in every downlink timeslot/sub-frame, will be used for
· Demodulation of common data/control channel
· Measurement of CQIs for frequency-domain scheduling
For frequency-domain scheduling, the pre-coding matrix for each PRB is also calculated using the common reference signal at UE, and combined with the true channel estimated from common reference signal to decide the CQI of each PRB. Thanks for the channel reciprocity, the pre-coding matrix calculated from downlink channel and uplink channel will keep very similar. This will lead to only the CQIs are required to feedback and no pre-coding matrix feedback is required. The dedicated reference signal can also be used to estimate the CQIs of the UE-specific PRBs when frequency-domain scheduling is dumb for several radio sub-frames.
4. Codebook based pre-coding option
The overhead of feeding DL MIMO channel back directly in the uplink channel is generally excessive. In order to reduce the feedback overhead, codebook based MIMO pre-coding option may be adopted. Codebook based method selects pre-coding vector(s) from a static codebook to reduce the signaling overhead. The codebook size must be a tradeoff between the quantized loss and feedback overhead.
Obviously codebook based methods designed for FDD can also work in TDD, but it is fitted for FDD, because the feedback may be suspended for switching between UL and DL for TDD.
For TDD, codebook based option can be adopted if uplink channel sounding cannot be performed. But if any uplink channel sounding methods is available, non-codebook based option is proposed to take the advantage of channel reciprocity for TDD. 
5. Advantages of non-codebook based option for TDD
Non-codebook based pre-coding option maintains the following unique advantages over codebook based option for TDD:
· The uplink sounding reference overhead is only dependent on the number of antennas at UE but not at Node B. Thus Node B can be equipped more antennas to achieve more degree of freedom at the Node B, so that the performance both in uplink and downlink can be improved.
· Most of calculations and decisions are almost entirely implemented in the Node B, what UE has to do is simply transmitting sounding reference symbols in the uplink. Advanced signal processing techniques can be introduced into Node B to optimally balance the energy transmitted to the users and the inter-user interference. Extremely low complexity is achieved at the UE to reduce the cost. Pre-coding vector(s) calculated online from current channel can fit the channel better than that selected from predefined codebook with finite size, this means that non-codebook based option may adapt to diversiform of channels and environments. 
· Because no pre-coding information suspend is needed for switching between UL and DL for TDD, low pre-coding delay can be achieved for non-codebook based option compared with codebook based option.
· Non-codebooks based pre-coding is perfectly consistent with adaptive beam-forming, which is a well-known technique for TDD systems.
But there are some special requirements which need to be specified for non-codebook based pre-coding option:

· Uplink sounding reference channel for estimation of downlink MIMO channels.
· Downlink pre-coded reference channel for demodulation of pre-coded MIMO data stream.
6. Conclusions
Although codebook based method designed for FDD can also be supported TDD without taking advantage of channel reciprocity. Non-codebook based method is a promising option for TDD mode to exploit the channel reciprocity. If any uplink channel sounding methods is available, non-codebook based option is proposed for MIMO downlink, otherwise codebook based option may be adopted.
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