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1. Introduction
Despite much work on the downlink reference signal structure, progress stalled on the issues of (1) whether an optional (selectively transmitted) 2nd reference symbol should be mandatory (always transmitted), and (2) required reference signal subcarrier spacing. This contribution concludes that the working assumption should be to keep the optional 2nd reference symbol optional since it is not needed in many cases, and that the subcarrier spacing should be selected from the narrower spacings that have been investigated. Of course, an alternate working assumption may be made to be conservative and have large overhead (i.e., reference density in frequency and time) for all deployments – e.g., same for 900MHz FDD as for 2.6GHz TDD. In either case, the amount of reference included on the 1st reference symbol for decoding of the control channel (as opposed to generic data) should always be conservative – while the data channel can tolerate errors with HARQ, the control channel needs to be reliable for every scheduling (e.g., isolated subframe) and channel (e.g., high frequency selectivity) condition. 
2. Support for Optional 2nd Reference Symbol
Table 1 has summary of results from [5] and [6] (plus the Appendix from this contribution) showing that because of the small 0.5ms subframe duration, only one OFDM symbol needs to contain reference symbols in most cases (FDD, 2GHz). Other carrier frequency results may be roughly extrapolated from these results (e.g., the other SA&E case of 900MHz shown in table). The results are conservative in that the exact speed of failure was not determined and HARQ was not used. Since the requirements (optimized up to 15kph, high performance 15-120kph, functional to 350kph) are more than met, there appears to be little need for mandating a second reference symbol for all deployments (e.g., 900MHz FDD) and conditions. 

Table 1: Good channel estimation in E-UTRA up to at least the indicated speed

	
	2.0 GHz
	900 MHz (extrapolated)

	modulation
	w/ adj subframes
	self-contained
	w/ adj subframes
	self-contained

	QPSK
	350kph+
	240kph+
	very, very fast
	very fast

	16-QAM
	350kph+
	150kph+
	very fast
	333 kph+

	64QAM
	120kph+
	60kph+
	267kph+
	133kph+


The typical case has reference symbols in adjacent subframes available to assist in channel estimation.

3. Reference signal subcarrier spacing
Previous Motorola contributions have considered effective reference spacings of every 2nd, 3rd, or 4th, 6th, and 8th subcarrier per antenna have been considered.[1]
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[2]

 REF _Ref124767595 \r \h 
[3]

 REF _Ref124845924 \r \h 
[4]

 REF _Ref124764643 \r \h 
[5]

 REF _Ref124764873 \r \h 
[6] In light of field data results from suburban Chicago [3], a spacing of every 8th subcarrier results in an error floor and a spacing of every 4th subcarrier, while not flooring, would improve performance between low-complexity and ideal channel estimation. Therefore an effective spacing of every 4th subcarrier or every 6th subcarrier (which may be useful if different subcarriers are used for different sectors) is appropriate for a working assumption.
In the case of a single antenna deployment (not recommended), it is FFS to consider whether to use an effective frequency spacing half of that as stated above. In particular, single antenna deployments may benefit from additional channel estimation performance, or the system design/specification may be simplified if the one and two antenna deployments use the same number of reference subcarriers.
In the case of two TX antennas, orthogonality between the reference signals of the two antennas may be achieved in either the frequency domain or the “code” domain. 

In case of frequency-domain orthogonality, the antennas transmit on alternating reference symbols. For example, if reference symbols are on every other subcarrier, each antenna could transmit a reference symbol on every fourth subcarrier, leading to an effective frequency resolution of 60 kHz. 

In case of “code”-domain multiplexing, both transmit antennas transmit on every reference symbol (e.g., every other sub-carrier). Orthogonality is achieved by the second transmit antenna transmitting the same reference sequence as the first transmit antenna modulated with a phase ramp across frequency (which is equivalent to a cyclic shift in time), i.e., +1, -1, +1, -1, … etc. 

“Code”-domain multiplexing performs slightly better [3], so may be preferred. Either form of orthogonality is compatible with the FFS investigation if the position (in the frequency domain) of the reference symbols should vary from subframe to subframe and between cells.
4. First and Second Reference Symbol Locations
The control symbol and first reference symbol should be located on the first or second OFDM symbols of the subframe. To illustrate this, per symbol MSE channel estimation data can be used to evaluate the reference symbol locations, as shown in Figure 1. Per symbol MSE is used because the differences in decoded FER may be small, masking the benefits or drawbacks of each selection. It is recommended that the 2nd reference symbol occur on 2nd to last OFDM symbol of a subframe. While it is also recommended that the second OFDM symbol be used for the 1st reference symbol, the first OFDM symbol may also provide acceptable performance.

[image: image1]
Figure 1.
Channel estimation MSE for 1st and 2nd reference symbols at 350 kph without using adjacent subframes (Note: 2 pilots is for data only, not control)
5. Text Proposal

Added to end of section 7.1.1.2.2 of TR25.814.

-------------------------------------Start of text proposal----------------------------------------------------------

An effective maximum frequency resolution of 60 or 90 kHz (every 4th or every 6th subcarrier) for a single antenna should be considered.
In the case of two TX antennas, orthogonality between the reference signals of the two antennas may be achieved in either the frequency domain or the “code” domain. 

In case of frequency-domain orthogonality, the antennas transmit on alternating reference symbols. For example, if reference symbols are on every other subcarrier, each antenna could transmit a reference symbol on every fourth subcarrier, leading to an effective frequency resolution of 60 kHz. 

In case of “code”-domain multiplexing, both transmit antennas transmit on every reference symbol (e.g., every other sub-carrier). Orthogonality is achieved by the second transmit antenna transmitting the same reference sequence as the first transmit antenna modulated with a phase ramp across frequency (which is equivalent to a cyclic shift in time), i.e., +1, -1, +1, -1, … etc. 

Either form of orthogonality is compatible with the FFS investigation if the position (in the frequency domain) of the reference symbols should vary from subframe to subframe and between cells.

The first reference symbol is located in the second symbol of the subframe.

The second reference symbol is located in the next to last symbol of the subframe.
-------------------------------------End of text proposal----------------------------------------------------------
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Appendix

In this appendix, the simulation results not contained in [5] or [6] to support Table 1 are given. Results are given using the 5 MHz bandwidth parameters (i.e., 300 subcarriers are used for data, the DC subcarrier is skipped in the data allocation, and the FFT size is 512). The TDM pilots are located on the second OFDM symbol in a subframe and every third subcarrier contains a pilot symbol. A two transmit antenna pilot format is employed which uses code multiplexing as described in Section 3 of this contributions. Although the pilot format allows the mobile to estimate the channel to two transmit antennas, the data is only transmitted from a single antenna for the simulation results. All results use the IFFT estimator with an MMSE channel estimate on the band edges [5]. For all results the mobile has two receive antennas. The 12-ray TU channel model was used for all simulations (with independent fading) and the 3GPP turbo code was used with an input codeword size of 1800 bits. Thus for rate 1/2 QPSK, one codeword is sent in a subframe and for rate 1/2 16-QAM two codewords are sent in a subframe.
Figure 2 shows results for rate 1/2 QPSK when adjacent subframes are not used for channel estimation (i.e., self-contained TDM pilots). The results show that the self-contained TDM pilots work for speeds of 240 kph for rate 1/2 QPSK. Figure 3 shows results for rate 1/2 16-QAM again for the self-contained TDM pilots. These results show that the self-contained TDM pilots work for speeds of 150 kph for rate 1/2 16-QAM. Finally, Figure 4 shows FER results for 16-QAM when adjacent subframes are used for channel estimation. For time interpolation, a simple three tap real MMSE filter is used. The results show that 16-QAM can be supported at speeds of 350 kph for TDM pilots when adjacent subframes are used for channel estimation.
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Figure 2.
FER results for rate 1/2 turbo-coded QPSK with a self-contained TDM pilot format (i.e., pilots on adjacent subframes are not used for channel estimation).
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Figure 3.
FER results for rate 1/2 turbo-coded 16-QAM with a self-contained TDM pilot format (i.e., pilots on adjacent subframes are not used for channel estimation).
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Figure 4.
FER results for rate 1/2 turbo-coded 16-QAM with TDM pilots where the adjacent subframes are used for channel estimation.
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