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1 Introduction
In this paper we discuss channel estimation for UE-specific RS (DRS) and discuss a possible test set up for the minimum performance requirements. Beamforming, or non-codebook based precoding, may provide system gains and improved SNR due to antenna array directivity. However, some of these gains will be lost due to channel estimation using the DRS. The precoders may change on a subframe level, and the DRS are obviously only contained in the set of PDSCH allocated to the desired user (common RS are transmitted over the entire transmitter configuration); this will put constraints on channel estimation.
From a timeplan perspective, it is important to finalize the TDD CRS test points first along with the corresponding FDD results, then DRS performance for TDD should be considered (mandatory for TDD).

Next we look at the channel estimation losses expected.
2 Simulation results: channel estimation with DRS

DRS are mapped to Antenna Port 5, the locations of the RS in the resource grid are shown in Figure 1. The OFDM signal is then mapped to different physical antenna ports with different weights, i.e. precoders that are not necessarily the same as those belonging to the code book for CRS.   
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Figure 1: Mapping of UE-specific reference signals (normal cyclic prefix)

For channel estimation performance it is sufficient to look at one physical port, that is, each 1x2 is considered separately but for which the precoder (weights) may change between each subframe following the UE reports (or just uplink for TDD). 
Figure 2 shows the difference between CRS and DRS channel estimation for QPSK 1/3 and an EVA70 channel. It is assumed that the precoders may change between every subframe in time and RB in frequency. To make a fair comparison in terms of channel estimation effects, it is assumed that the DRS are always allocated also for the CRS (reduces the throughput of the latter).
[image: image2.emf]
Figure 2: CRS versus DRS beamforming for and EVA70 channel. The blue curve represents a known channel.
It can be seen that the channel estimation losses are about 1 dB at low SNR. The difference will be higher for lower speeds.
3 Test cases for DRS
The DRS performance can be tested using a single-antenna setup and should focus on QPSK and 16QAM, the channel estimation has a lesser impact on 64QAM. In practice, for beamforming, the speed should not be too high so the Doppler is moderate. The update of the beam forming weights has been discussed earlier in [1]: it was proposed that the update rate is maximized in order not to make any assumptions about the eNodeB implementation. In practice one could expect that the phase change of the weights (precoders) would somehow follow the Doppler frequency, but for deriving minimum requirements for DRS performance one could assume a random variation between every subframe to maintain generality. The frequency granularity should be one RB as assumed in the simulation example above.
A 1 x 2 effective channel for the DRS requirements could be devised by starting from a 2 x 2 MIMO with the relevant propagation profile, and then apply single-layer 2 x 1 precoders from the CRS code-book and change these randomly for each RB between each subframe, i.e., in the frequency domain, 
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where the codebook index j (Table 6.3.4.2.3-1 in [2]) changes randomly between every subframe for each RB. Thus, there is no need to implement separate precoders for DRS in the test equipment. Note that Heff is a 2 x 1 matrix representing the 1 x 2 SIMO channel.  

Hence, in view of the above, a framework for DRS performance requirements could be
· Only QPSK 1/3 and 16QAM 1/2
· Low Doppler: EPA5 and EVA70 (as above) with random precoder updates according to (3.1)
· Low antenna correlation
· Uplink-downlink configuration: 1 (see [2])
· Special subframe configuration: 4 
which is very similar to the earlier proposal in [1]. This would also limit the number of test cases needed – channel estimation is the main issue – so that DRS requirements can be produced within a reasonable time-frame.  
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