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1. Introduction
It has been agreed that codebook based pre-coding is supported for FDD and TDD operation in EUTRA. Non-codebook based pre-coding is also proposed to be supported at least for TDD operation [1-3]. In last meeting, the throughout gain of non-codebook based pre-coding vs. codebook based pre-coding has been evaluated with realistic assumptions. It is found that up to 9.2% throughput gain can be achieved in [3], and up to 8% throughput gain can be achieved in [4]. The performance gain is significant, but no agreement is achieved on non-codebook based pre-coding for other issues, e.g. dedicated reference signal overhead, process complexity, etc. 
How to solve the dedicated reference signal overhead issue can be found in [5]. In this document, it is proposed one unified pre-coding method for TDD operation, which combining the codebook based pre-coding and non-codebook based pre-coding, to reduce process complexity.
2. Pre-coding for TDD
2.1. Codebook vs. non-codebook
If CSI is known at transmitter, pre-coding matrix can be calculated instantly at transmitter to increase system performance, no codebook is required. But if no CSI can be used at transmitter, pre-coding matrix can be calculated at receiver and fed back to transmitter with codebook index. For commonality, it has been agreed that codebook based pre-coding is supported for both FDD and TDD operation. But non-codebook based pre-coding maintains the following unique advantages over codebook based pre-coding, so it should be supported at least for TDD operation.
· Significant performance gain over codebook based pre-coding, with no feedback delay, no feedback error and no quantification loss.
· Uplink channel sounding for uplink frequency-dependent scheduling can be reused to maintain the channel reciprocity in TDD operation, which can be used to calculate the pre-coding matrix.
· All the CSI for each user are known at eNode B, and most of calculations and decisions are almost entirely implemented at eNode B, advanced signal processing techniques can be introduced into eNode B to optimally balance the energy transmitted to the users and the inter-user interference for MU-MIMO.
· More transmit antennas can be easy supported due to dedicated reference signal used.
Channel reciprocity is required for non-codebook based pre-coding, but the full channel reciprocity for TDD operation may not be always maintained. Examples are that only one uplink transmission chain exists in UE, and that no enough resource to send uplink sounding reference signal, etc. So codebook based pre-coding can be combined with non-codebook based pre-coding to maintain pre-coding gain when channel reciprocity doesn’t fully apply.
A drawback if codebook based pre-coding and non-codebook based pre-coding are both supported for TDD operation is that it will increase process complexity (especially UE complexity) due to different implementation processes as shown in Figures 1 and 2. 
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Figure 1, Codebook based pre-coding process
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Figure 2, Non-codebook based pre-coding process

It is found that both pre-coding matrix acquirement process and pre-coding operation process are different for codebook based pre-coding and non-codebook based pre-coding. And pre-coding operation process for non-codebook based pre-coding are simpler than codebook based pre-coding for TDD.
2.2. Unified Pre-coding method for TDD
The essential difference between codebook based pre-coding and non-codebook based pre-coding is how to acquire pre-coding matrix, i.e. pre-coding matrix acquirement processes in figure 1 and figure 2. The pre-coding operation process can be the same to reduce process complexity. And till now, it has not been agreed how to send pre-coding matrix verification in downlink for codebook based pre-coding, whether using control signaling or dedicated pilot.
For commonality between the two pre-coding schemes and reduction of the pre-coding operation process complexity for codebook based pre-coding, it is proposed to use dedicated pilot to demodulate the pre-coded data symbols for both pre-coding methods. This will lead to a unified pre-coding method for TDD operation, see figure 3. The system can decide the pre-coding matrix acquirement process, with or without codebook, based on eNode B capability, eUE capability, or CSI status at transmitter. For example, when CSI can be acquired at transmitter, pre-coding matrix acquirement process without codebook can be activated, or else pre-coding matrix acquirement process with codebook will be activated.
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Figure 3, Unified pre-coding method for TDD operation
3. Conclusions and Way forward
Codebook based pre-coding can be combined with non-codebook based pre-coding to maintain pre-coding gain when channel reciprocity doesn’t fully apply in TDD operation. But if codebook based pre-coding and non-codebook based pre-coding are both supported without joint optimization, process complexity will be increased. 

In this contribution, a unified pre-coding method for TDD operation is proposed to reduce process complexity, i.e. using the same pre-coding operation process, and switching pre-coding matrix acquirement process with codebook or without codebook. For supporting the same pre-coding operation, dedicated reference signal should also be supported.
4. Reference

[1] R1-070295, CATT, Link level simulation results for non-codebook based pre-coding in EUTRA TDD (SVD), 3GPP TSG RAN WG1 Meeting #47bis, Sorrento, Italy, January 15 – 19, 2007
[2] R1-070293, CATT, Single user throughput simulation results for non-codebook based pre-coding in EUTRA TDD, 3GPP TSG RAN WG1 Meeting #47bis, Sorrento, Italy, January 15 – 19, 2007
[3] R1-070838, CATT, Simulation results for pre-coding (codebook vs. non-codebook), 3GPP TSG RAN WG1 Meeting #48, St. Louis, USA, February 12 – 16, 2007
[4] R1-070977, IPWireless, Precoding performance comparison for EUTRA TDD, 3GPP TSG RAN WG1#48, St. Louis, USA, 12th-16th February 2007

[5] R1-071746, CATT, CMCC, RITT, Huawei, ZTE, Downlink reference signal aspects for non-codebook based pre-coding in TDD mode, 3GPP TSG RAN WG1 Meeting #48bis, St. Julian, Malta, March 26 – 30, 2007
_1235978104.vsd
eNode B


eUE


Achieve CSI from  DM/sounding pilots


Pre-coding matrix calculation based on CSI


Pre-coding operation


Send uplink DM pilots or sounding pilots


Send pre-coded data symbols and dedicated pilots


Demodulate data symbols based on dedicated pilots


Pre-coding matrix acquirement process


Pre-coding operation process



_1235978105.vsd
eNode B


eUE


Pre-coding matrix selection from codebook based on CSI


Send common pilots


PMI feedback


Pre-coding matrix selection from codebook based on PMI


Pre-coding operation


Achieve CSI from  common pilots


Send pre-coding  matrix verification


Send pre-coded data symbols and common pilots


Achieve PMI 


Pre-coding matrix selection from codebook based on PMI


Demodulate data symbols based on common pilots and Pre-coding matrix


Pre-coding matrix acquirement process


Pre-coding operation process



_1235681824.vsd
eNode B


eUE


Pre-coding matrix acquirement without codebook


Pre-coding matrix acquirement with codebook


Switching


Pre-coding operation


Send pre-coded data symbols and dedicated pilots


Demodulate data symbols based on dedicated pilots


Pre-coding matrix acquirement process


Pre-coding opertion process



