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1. Introduction
Two different pre-coding methods have been introduced, codebook based pre-coding and non-codebook based pre-coding method. However any method can be used to FDD mode and TDD mode, non-codebook based pre-coding is more suitable to TDD mode to exploit the channel reciprocity.
In this document, the non-codebook based pre-coding method will be further clarified, especially the reference signal overhead and CQI estimation issues. 
2. Non-codebook based pre-coding
2.1. Downlink reference signal
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. codebook based method and non-codebook based method. However any method can be used to FDD mode and TDD mode, non-codebook based pre-coding is more suitable to TDD mode to exploit the channel reciprocity. When performing non-codebook based pre-coding, it is required that the data symbols and reference signal 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. The receiver only needs to estimate the equivalent channel matrix for each beam, so orthogonal reference signal is only needed between different beams. Because this kind of reference signal is only used to demodulate the UE data symbols, it can be called as dedicated reference signal.
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Figure 1, ‘sparse common + dedicated’ downlink reference signal structure

Except the usage for demodulation data symbols, reference signal can also be required to estimate the downlink CQIs and demodulate the control signaling. These reference signals are transmitted from each antenna, called as common reference signal. If the common reference signal and dedicated reference signal are both transmitted in one sub-frame, high overhead of reference signal may be introduced. The ‘sparse common + dedicated’ downlink reference signal structure can be used to reduce the overhead. This structure is more suitable for TDD mode, because only one common reference signal is required in one DL/UL cycle. For example in figure 1, TS0 and TS4~6 are configured as downlink transmission, common reference signal can be transmitted once between TS4 and TS0. As an example, the common reference signal can be transmitted in TS4. In the other downlink timeslots, only the dedicated reference signal will be transmitted. [1]
The dedicated reference signal structure in one timeslot can be designed as an example in figure 2, the dedicated reference signal is inserted in the second OFDM symbol and the third last OFDM symbol in that PRB. It is assumed that four TX antennas are confederated at Node B. And it should be noted that the number of the dedicated reference signal is related with number of the streams, for example 2 streams in PRB n and 4 streams in PRB n+1 in figure 2. 
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Figure 2, Reference signal structure example when non-codebook based pre-coding is used
The overhead of reference signal for non-codebook based pre-coding is shown in table 1, which is calculated as the ratio between number of symbols used for reference signal and total number of symbols in one PRB. With comparison, the overhead of reference signal for codebook based pre-coding is also shown in table 1. In addition to the overhead of reference signal, the control signaling overhead is also considered.
Table 1, Overhead of downlink reference signal for pre-coding

	
	Codebook based
	Non-codebook based 

	Overhead of pilots
	2-TX, 1-Stream
	7.41%
	3.70%

	
	2-TX, 2-Stream
	7.41%
	7.41%

	
	4-TX, 1-Stream
	14.81%
	3.70%

	
	4-TX, 2-Stream
	14.81%
	7.41%

	
	4-TX, 4-Stream
	14.81%
	14.81%

	Uplink control signaling
	Required
	No required

	Downlink control signaling
	Required
	No required

	Uplink channel sounding
	Required
	Required


.
It can be found that the overhead of reference signal for non-codebook based pre-coding  always less than or equal to the overhead of reference signal for codebook based pre-coding. In addition, if the control single overhead for method A is considered, the total overhead for codebook based pre-coding will be large. 

Thus, regarding to the overhead issue of reference signal and control signaling, it is proposed to use non-codebook based pre-coding in EUTRA TDD.
2.2. Downlink CQI estimation
For ‘sparse common + dedicated’ downlink reference signal structure, the common reference signal is transmitted from all virtual antennas and in all the PRBs of a special timeslot. So it can be used to estimate the channel quality of each PRB to do frequency-domain scheduling. Because only one chance to feedback the CQIs of each PRB in one DL/UL cycle in TDD mode, only one common reference signal is enough [1]. The CQI of each PRB in other downlink timeslot can be seen as the same in the special timeslot, when the channel varies slowly, e.g. low UE speed. 
When performing pre-coding in downlink with non-codebook based method, the pre-coding impact on CQI estimation should be considered. 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.

3. Conclusions

For non-codebook based pre-coding, the reference signal structure, CQI estimation scheme have been clarified. 
From the discussions above, it can be concluded that, 

· Regarding to the overhead issue of reference signal and DL/UL control signaling, it is proposed to use non-codebook based pre-coding in EUTRA TDD.
· The ‘sparse common + dedicated’ downlink reference signal structure is preferred in TDD operation, and the dedicated reference signal should be pre-coded.
· The downlink CQIs for frequency-domain scheduling are estimated from downlink common reference signal.
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