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1 Introduction

In LTE TR25.814 [1], two major multiplexing methods (CDM and FDM) between UE’s uplink reference is presented. Here we conclude their advantages and disadvantages as follows:

FDM multiplexing

· Completely orthogonal among all active UEs;
· Support up to 12 active UEs in one subframe conveniently (Note that when data subcarriers adopt distributed mapping and in order to support 12 UEs, staggering between two SBs is necessary);
· Reference power is concentrated in the occupied BW. It is good for channel estimation, but can not measure wider BW quality;
· More potential interference in the cell border (Compared to CDM);
· Can not combine channel estimation and channel quality measurement effectively;
· Channel estimation becomes poorer when staggering is used to support more active UEs.
CDM multiplexing

· Combine channel estimation and channel quality measurement effectively. This property is very beneficial to channel-dependent scheduling;
· Can potentially alleviate the interference in cell border (different cell use different CAZAC);
· Maybe support less active UEs than FDM, however, 12 active UEs can also be supported in the same subframe in TU channel (one CAZAC is used);
· Near orthogonal among all active UEs (assume CAZAC is used);
· More computation load than FDM, but it is acceptable.
In this document, we will illustrate some simulation results to show the link performance of CDM and FDM and we will also draw some conclusions based on these simulation results.

2 Channel Estimation & Measurement with CDM

Here we briefly describe the procedure of channel estimation and measurement with CDM. We assume the system BW is 5M, hence according to [1], reference symbols in both SB1 and SB2 will occupy 150 subcarriers of total 256 subcarriers. Figure1 illustrates the whole procedure of channel estimation and measurement with CDM scheme.
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Figure1 Channel Estimation and Measurement with CDM

Figure2 shows the amplitude of correlative vector between received signal and the target UE’s series when totally 12 (or 6) UEs are simultaneous active in the same time and the same subcarriers. Note that the channel model is 6-Ray TU. From figure2, It can be noted that we can easily separate all the 12 UEs (including 6 UEs) only by setting the unwanted relative values to zeros because every UE’s delay time is limited even in severe TU channel (The last ray in TU channel is out of the scale when 12 UEs simultaneously transmit their own reference symbols, however the power of the last ray is so small that it can be ignored. The following simulation results (Figre2, Figure3 and Figure4) can illustrate it.
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Figure2 Illustration of suppression of interferences from other UEs (6-Ray TU channel)
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Figure3 Target UE’s Channel Estimation (Amplitude) & Measurement with Different Number of UEs
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Figure4 Target UE’s Channel Estimation (Phase) & Measurement with Different Number of UEs

3 Common Simulation Parameters

Table 1 lists our common simulation parameters. 

Table1 Common simulation Parameters

	Parameter
	Value

	Subframe Duration (ms)
	0.5

	FFT (BW)
	512 (5M)

	Useful Subcarriers per LB/SB (Excluding DC)
	300/150

	Sampling Rate
	7.68M

	LB Length
	66.67us/512samples

	SB Length
	33.33us/256samples

	CP Duration ((s/ samples)
	(5.08/39) ( 1
(4.04/31) ( 7

	Subcarrier Separation (kHz)
	15(LB)/30(SB)

	Carrier Frequency (GHz)
	2

	Code and Modulation
	Turbo 1/2, QPSK

	Interleave
	Same one as specified in 3GPP

	Channel Type (Velocity)
	TU (30,300km/h) 6-Path

	Reference Multiplexing
	CDM & FDM

	Number of UEs
	1, 3, 6, 9, 12

	Channel Estimation
	LMMSE (Frequency Interpolation first, then Time Interpolation)

	Antenna Number
	1Tx, 2Rx


4 Comparison CDM and FDM (Data Distributed, RPF>1)

In this section, we compare the link performance with CDM and FDM scheme when data subcarriers use distributed mapping method (RPF>1). It is noted that we only use one CAZAC instead of two CAZACs to support up to 12 UEs. Figure 5 illustrates the results when RPF equals to 6, 9 and 12, while the velocity equals to 30km/h. Figure 6 illustrates the results when RPF equals to 6, 9 and 12, while the velocity equals to 300km/h. It is noted that when FDM is used, the reference power is only concentrated on the occupied subcarriers, on the other hand, when CDM is used, the reference power is assigned to all the subcarriers.
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Figure5 Comparison CDM and FDM, Distributed Data Mapping, 30km/h
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Figure6 Comparison CDM and FDM, Distributed Data Mapping, 300km/h

From the two figures above, we can see that:

1. When RPF is small or moderate and SNR is low, the performance of FDM is much better than CDM;

2. When RPF is small or moderate and SNR is high, the performance of FDM is slightly better than CDM;

3. When RPF is large (e.g. RPF=12), the performance of FDM is much worse than CDM, and there is an “error floor” in the FDM situation. 

4. The above conclusions are independent of the velocity;

In short, when data subcarriers use distributed mapping, UEs’ reference multiplexing method can also adopt CDM scheme. CDM can also support up to 12UEs in this situation and especially suit for large RPF.

5 Comparison CDM and FDM (Data Localised, RPF=1)

As mentioned in the section 2, if we use CDM as uplink reference multiplexing scheme, we can not only estimate channel response for occupied subcarriers but also can measure the channel response for unoccupied subcarriers. This property is very beneficial for the situation that the mapping of data subcarriers is localised (RPF=1). It is noted that FDM multiplexing has no this advantage unless some other resource is allocated, for example, using of sounding pilots. We will present some comparison results between CDM and FDM when data subcarriers mapping uses localised scheme (RPF=1) and 3 different scheduling methods are used in CDM scheme as following:

Schedule1. Fixed resource allocation (no scheduling in frequency domain);

Schedule2. Polling among all UEs (allocated subcarriers are consecutive);

Schedule3. Polling among all UEs (allocated subcarriers are group distributed [2]).

It is noted that some system simulations are necessary for the above 3 scheduling methods. Here we only present the link performance for reference. Figur7 and Figure8 shows the comparison between CDM and FDM when data subcarriers mapping is localised while the velocity is 30 and 300km/h respectively.
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Figure7 Comparison CDM (with different scheduling methods) and FDM, Localised Data Mapping, 30km/h
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Figure8 Comparison CDM (with different scheduling methods) and FDM, Localised Data Mapping, 300km/h

From Figure7 and Figure8, we can know:

1. When the velocity is low (e.g. 30km/h), scheduling gain is obvious, and the performance of CDM is better than that of FDM whenever schedule2 or schedule3 is adopted;

2. The performance of schedule3 is better than that of schedule2 about 0.5dB;

3. When the velocity is high (e.g. 300km/h), scheduling gain is not obvious, however, the performance of CDM is almost the same as FDM.

In short, when data subcarriers mapping is localised (RPF=1), using of CDM as the uplink reference multiplexing scheme should be considered. On the other hand, group distributed mapping of data subcarriers [2] should also be considered.

6 Conclusions

In this document, we illustrate some simulation results to show the comparison of link performance when uplink reference multiplexing uses CDM and FDM. In the viewpoint of link performace except interference from neighboring cell, CDM and FDM have their own advantages in different scenario. It is noted that the performance of CDM changes less than FDM when scenario changes (e.g. velocity or RPF etc.) and we should also evaluate the performance change when some interferences coming from neighboring cell are under the consideration.
7 Text Proposal (Section 9.1.1.2.2 in TR 25.814)
---------------------------------------------------------Start of Text Proposal--------------------------------------------------

9.1.1.2.2
Uplink reference-signal structure

As indicated in Section 9.1.1, uplink reference signals are transmitted within the two short blocks, which are time-multiplexed with long blocks. Uplink reference signals are received and used at the Node B for the following two purposes:

· Robust uplink channel estimation for uplink coherent demodulation/detection in different scenario (e.g. low or high velocity, distributed or localized data/reference subcarriers mapping, number of active UEs, interference impacts etc.)
· Uplink channel-quality estimation for uplink frequency- and/or time-domain channel-dependent scheduling
---------------------------------------------------------End of Text Proposal--------------------------------------------------
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