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1. Introduction
As a way to improve performance and reduce UE complexity, precoding has been considered in LTE. Based on whether a finite number of precoding matrices is used, precoding is classified as codebook and non-codebook based. The main idea of codebook based precoding is to reduce the amount of feedback information from UE. The non-codebook based precoding could have a better performance thanks to smaller quantisation errors. For FDD where reciprocity between up and downlink does not exit, the codebook based precoding is appropriate and it has been decided to be adopted for LTE FDD UE feedback in Ran1#45. However, it has not been decided whether codebook or non-codebook based precoding shall be adopted for LTE TDD. In this paper we present issues associated with the non-codebook based approach that requires further evaluation before a decision can be made. 
For TDD both codebook and non-codebook based precoding are feasible as a result of the channel reciprocity. Non-codebook based precoding may seem to be the better choice to improve performance of TDD. Firstly, it shall be noted that retaining the commonality between FDD and TDD is one of the targets of LTE [1]. Therefore any different scheme between FDD and TDD shall be justified by a good reason. Both codebook and non-codebook based approaches need reference signals or control signalling in both uplink and downlink. It is desirable to investigate the time/frequency resource and power resource overheads required for each of the schemes, and whether or not the non-codebook based approach delivers sufficient performance gains to justify any extra overhead. In the following we will describe the reference signal and control signalling required for both precoding approaches in both uplink and downlink.
2. Overhead issues 
Figure 1 shows the required reference signal and control signalling associated with the codebook and non-codebook based precoding, respectively. Let’s look at uplink channels first. For the codebook based precoding, the UE sends preferred PMI (Precoding Matrix Index) to the eNB. The length of PMI is likely only 2-4bits. The non-codebook based precoding sends reference signal for uplink sounding to take advantage of reciprocity. The resources required for the reference signal is not trivial as it has to cover the whole bandwidth to enable frequency domain scheduling on downlink. In addition, small pilot spacing has to be used to achieve good channel estimates; otherwise, the gains of the non-codebook based precoding may vanish. Note that signalling of downlink PMI for the codebook-based approach may not be required in the event that the eNB is constrained to always select the UEs preferred PMI.
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(a) codebook based
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(b) non-codebook based


Figure 1 Control signaling and reference signal for codebook and non-code book based precoding
For example, in the simulation for uplink sounding [4], the pilot spacing was assumed to be 4 and the span was over the entire bandwidth for sounding. Assuming FDM used for pilots from different antenna, this translates to a reference overhead of 2/(4*14)= 3.57%. As the precoding calculation is only based on a single reference symbol for the non-codebook based precoding, it is unknown how much gains it can actually achieve with realistic channel estimation over the codebook based precoding, which can exploit multiple downlink common reference symbols. The overhead ratio is expected to be the same for either direct channel feedback [4] or TSTD (Time Switched Transmit Diversity) [5], which is proposed for the case when the UE has less PA (Power Amplifier) for received antennas. Both direct channel feedback and TSTD reduce the claimed delay advantage for uplink sounding. It shall be mentioned that in the results of [4] assume a 3 OFDM symbol delay between the uplink sounding and the downlink data transmission which may be overly optimistic for realistic TDD operation, especially when taking into account UL/DL framing delays. Such a short delay can only take place when the eNB can schedule a UE immediately after receiving the uplink sounding. This requires firstly that there is a switching point every 1ms and secondly that the eNB has some mechanism to provide advance warning to the UE of a pending DL allocation so that the UL sounding signal can be transmitted. Alternatively, every UE could be required to transmit the sounding signal in anticipation of a possible downlink grant although this approach is likely to be infeasible due to the overheads entailed.
For the downlink signalling, when the codebook based precoding is used and the eNB is not constrained to using the UE’s preferred PMI, the eNB signals the UE of the PMI that has been actually applied. For the non-codebook based precoding it is not efficient for the eNB to send the precoding matrix directly to the UE, which takes excessive amount of resources. Instead, it was proposed by some companies, e.g. in [3], to transmit precoded dedicated downlink reference signals as well as common reference signal. Dedicated reference signal is used for the precoded data and dedicated control channel demodulation, while common reference signal is used for CQI estimation, share control channels (which are unprecoded) demodulation and for other UEs in the same TTI. As the dedicated reference signal is used for data detection and user specific, it is expected that it requires a similar or even higher pilot overhead as that of common reference signal in the normal situation. The approach in [3] which suggests reducing 2 common reference symbols per subframe to 1 per subframe may degrade the performance of other unprecoded UEs in the same TTI and share control channels, and possibly prevent them from being used in high speed scenarios. It may also degrade the ability of UEs in other frequency allocations to make a reliable CQI estimate in RBs allocated to precoded UEs. 
We show in Figure 2 a reference signal structure example with dedicated reference signal for the TDD 2X2 MIMO. The overhead comparison is shown in table 1 and the extra overhead for dedicated reference signal is 9.53%. As the details of control channel, codebook size and codebook granularity have not been finalized, we use the assumptions in Table 2 for overhead calculation of the codebook based precoding. The subcarriers required for PMI signalling is given by

NPMI = NBIT* (NTOTAL / NRB /NGRAN) / CCODE /2,

where the definition of each symbol can be found in Table 2. The overhead relative to the total number of subcarrier in a TTI is 
NPMI/(NTOTAL*14).

The overhead results are shown in Table 3 and it can be seen that the overheads required for codebook signalling (3.57% at most) are much smaller than that of the non-codebook based precoding.  
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(a) common reference signal (agreed in Ran#46bis)
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(b) common + dedicated reference signal


Figure 2 Example 2X2 MIMO DL reference signal structure with and without dedicated reference signal
Table 1 2X2 MIMO DL reference overhead
	Common reference only
	4/(6*7) = 9.52%

	Common + dedicated reference
	8/(6*7) = 19.05%

	Extra overhead for dedicated reference
	9.53%


Table 2 Assumptions and parameters used for overhead calculation of the codebook based precoding
	TTI Duration
	1.0 ms (14 symbols)

	Control channel coding rate (CCODE) 
	1/6 

	Control channel modulation 
	QPSK

	Codebook size (NBIT)
	2, 3 or 4 bits

	Number of total subcarriers (NTOTAL)
	600 subcarriers (10 MHz)

	RB size (NRB)
	12 subcarriers

	Codebook granularity (NGRAN)
	Same codebook for every 2 or 4 RB


Table 3 Overhead of the codebook based precoding
	Codebook granularity (Ng)
	2bits Codebook 
	3bits Codebook 
	4bits Codebook 

	2
	1.79%
	2.68%
	3.57%

	4
	0.89%    
	1.34%    
	1.79%


3. Conclusions

We have presented overhead issues associated with the non-codebook based precoding for TDD MIMO. In addition, as the non-codebook based precoding depends on channel reciprocity, it requires uplink and downlink RF and antenna calibration, which bring extra implementation complexity and costs. These issues shall be carefully evaluated.
Taking commonality between FDD and TDD in mind, we propose to adopt the codebook based precoding for TDD. For whether non-codebook based precoding will be supported or not, some criterions are suggested as following 

- Use the code-book base precoding adopted by FDD as the benchmark for comparison with realistic assumptions, e.g. channel estimation, uplink sounding feedback delay, and uplink and downlink calibration accuracy. 

- Comparison includes the case when the UE has less power amplifiers than received antennas. 


- The non-codebook based precoding shall only be adopted for TDD unless it can
1. Provide significant gains over that of FDD with a similar overhead (time, frequency and power resources), or 
2. Provide significantly less overhead with a similar performance
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