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1. Introduction
A few issues currently remain unresolved regarding the downlink (DL) reference signal. They include:

a) the multiplexing option for the reference signal among sectors of the same cell (CDM or FDM), 

b) the reference signal sub-carrier spacing (current assumption is for 6 sub-carriers at each of the two OFDM symbols carrying reference signals for an effective spacing of 3 sub-carriers), 

c) the application of frequency hopping among reference signals of adjacent cells (pilot sub-carriers occupy a different sub-carriers for each of the 3 layers of adjacent cells) and

d) the reference signal structure for multiple transmit antennas. 
In this contribution we briefly review these issues and provide justifications for suggested choices.
2. DL Reference Signal Options
CDM vs FDM for Same-Cell Sector Reference Signals:

The analysis comparing the CDM and FDM options was presented in [1] and in earlier contributions by the same authors. For the CDM option, although 4 OFDM sub-carriers spacing was found adequate for the effective reference signal sub-carrier spacing for the TU channel, 2 OFDM sub-carrier spacing was needed to maintain good frequency domain CDM orthogonality for more dispersive channels such as the Veh. B. 

Based on the performance comparison between CDM and FDM, it is observed that the CDM option offers somewhat better performance in highly dispersive channel provided that the reference signal sub-carrier spacing is appropriate (2 OFDM sub-carriers). For the vast majority of channels expected to be encountered in practice and used in the E-UTRA evaluation, there is no material performance difference between the two options.

Setting aside for the moment the issues of effective pilot sub-carrier spacing and performance, an advantage of the CDM option is that it reduces the number of sub-carriers that need to be occupied by reference signals, particularly with multiple transmit antennas, thereby enabling the reference signals among adjacent cells to occupy different sub-carriers (frequency hopping). With the FDM option for the reference signals among sectors of the same cell, it does not appear possible to apply frequency hopping while maintaining the reference signals at the same OFDM symbol in all cells without imposing additional design constraints on how the reference signals are distributed among sectors and without assuming an ideal cell layout. 
Based on the above reason and on the objective to maintain the unique OFDM ability to distinguish reference signals among adjacent cells, at least for the purposes of interference management and interference cancellation/suppression, the CDM option is suggested.
Sub-Carrier Spacing:

Spacing will be related to selected numerology. Sub-carrier spacing should be tightened to less than 15 KHz as the criterion to avoid inter-sub-carrier interference due to Doppler for 64-QAM at 350 Kmph and 2.6 GHz operating frequency [2] is too strict a condition and is not justified by the resulting design inefficiencies relating to the sub-carrier spacing of 15 KHz. As shown in [2], a value larger than but close to 10 KHz would instead suffice if 16-QAM is the highest modulation scheme to be supported at 2.6 GHz and 350 Kmph. A smaller than 15 KHz sub-carrier spacing will also result in higher maximum throughput at UE speeds less than 350 Kmph at 2.6 GHz, thereby enabling higher peak rates. 

With a smaller sub-carrier spacing, the current reference signal in [3], having an effective pilot sub-carrier spacing of 3 sub-carriers, will be adequate to support CDM for all channels. Otherwise, for the current sub-carrier spacing, the same reference signal sub-carrier spacing as in [3] should be maintained while limiting the application of softer hand-off to channels with TU6 time dispersion or slightly larger (this includes all channels considered in the E-UTRA evaluation – notice that Node B knows the channel dispersion).    

Moreover, the tradeoff between reference signal overhead and performance can be optimized both in terms of transmitted power and frequency density. In [4] it was shown that an effective reference signal spacing of 4 sub-carriers offered a better trade-off between BLER and reference signal frequency density. However, this is equivalent to maintaining the reference signal spacing of 3 sub-carriers and proportionally reducing its transmit power (FFS if this is needed as it also affects other E-UTRA functionalities – an implementation issue).
Reference Signal Frequency Hopping in Adjacent Cells:

Reference signal frequency hopping is suggested for E-UTRA. With an effective reference signal spacing of 3 sub-carriers, as currently captured in [3], and CDM, this is readily achievable with 2 transmit antennas while maintaining the reference signal structure in [3]. With 4 transmit antennas, the reference signals from the 3rd and 4th antenna can be placed in the 2nd and 6th OFDM symbols of each sub-frame. 
Reference Signal for Multiple Transmit Antennas:

For 2 transmit antennas, the reference signal from the 2nd antenna can be included at the same OFDM symbols and the same manner as the reference signal from the 1st antenna. This is also suggested in [5] and depicted in Figure 1 (from [5]). For 4 transmit antennas, as it was previously mentioned, the reference signals from the 3rd and 4th antennas can be placed in the 2nd and 6th OFDM symbols in the same manner as the reference signals for the 1st and 2nd antennas at the 1st and 5th OFDM symbols. 
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Figure 1. Downlink reference-signal structure for two transmit antennas

3. Conclusions
The following options are suggested for the DL reference signal:

a) CDM for reference signals from different sectors of the same cell.
b) Effective reference signal sub-carrier spacing of 3 sub-carriers (as in [3] and in Figure 1).
c) Frequency hopping of reference signals in adjacent cells (for 3 layers of adjacent cells).
d) Reference signals from a second antenna placed in the same manner as from the first antenna (Figure 1). To maintain the ability for frequency hopping and the reference signal sub-carrier spacing, reference signals from a third and fourth antennas should be placed on the second and sixth OFDM symbols in the same manner as the reference signals from the first and second antennas are placed in the first and fifth OFDM symbols.  
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