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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 when data is distributed. Both schemes have their own advantages and disadvantages. But the main disadvantage of CDM is that it can not concentrate power to use for channel estimation and some power is distributed on UE’s unoccupied subcarriers though it is benefical for channel measurement especially under the situation that UE occupies a small number of subcarriers. 

However, since we choose the CAZAC in the code domain and CAZAC has low PAPR or CM, we have a chance to boost a little of the uplink reference power. Further more, CDM can mitigate the cochannel interferences that may be occur on the cell border. We all know that is an important issue. 

On the other hand, FDM can concentrate power to use for channel estimation but we should remember that some of their reference subcarriers maybe occupied by other UE to use for channel measurement and this maybe influence the performance. In the meanwhile, cochannel interference coming from other cells should be also considered when FDM is used.

In this document, we first point out we can boost a little of the uplink reference power if we adopt CDM sheme, since CAZAC used in CDM has very low PAPRor CM. We also give some results of the performance when FDM is used and some reference subcarriers are occupied by other UEs. Finally, we compare the ability to mitigate the cochannel interference when FDM or CDM is used as uplink reference signals. 

2 Performance Comparison when considering power boosted (CDM) and channel measurement (FDM)

As we all know one major shortcoming of CDM scheme used as uplink reference sigal is that it can not concentrate its power to the occupied subcarriers. However, since low PAPR or CM CAZAC (compared with data) is used and every UE occupies almost all subcarriers (except for guard subcarriers) when CDM scheme is adopted, we have the chance to boost in some extent the power of uplink signals. 

On the other hand, when uplink reference adopts FDM scheme, we should also consider channel measurement. Thus some reference subcarriers maybe reserved for other UEs to use for channel measurement. 

Figure 1 illustrats the simulation results of the mentioned situations above and Table 1 lists all the simulation parameters. In this simulation, when FDM is used, we reserve some reference subcarrires (0-5) for other UEs to measure the channel and the corresponding reserved channel estimation in these subcarriers can be linear interpolated by two neighboring reference subcarriers.
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Figure1 Comparison CDM and FDM, power boosted (CDM) and channel measurement (FDM), 30km/h RPF=6

From Figure1, we can see that if we consider some other important factors such as power boosted in CDM scheme and channel measurement in FDM sheme, both have almost the same performance.

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 (30km/h) 6-Path

	Reference Multiplexing
	CDM & FDM

	Channel Estimation
	LMMSE

	Antenna Number
	1Tx, 2Rx


3 Cochannel Interference mitigation on the cell border

Cochannel interference mitigation is an important issue since it has great influencement on bit rating and coverage especially on the cell border. In the uplink reference design, we can allocate different shiftment of the original CAZAC to different active UEs in the same subframe and different cell has their own original CAZAC. 

In principle, above allocation method can be applied for both CDM and FDM scheme. However, since the reference code length is different (usually the reference length of CDM is much longer than that of FDM), the ability to mitigate cochannel interference is also different. For example, when system bandwith is 5M, and one RB (25 subcarriers) is occupied by target UE, then CAZAC with the length 151 is used in CDM and CAZAC with the length only 13 is used in FDM.

Figure2 illustrate the relationship between CAZACs correlation coefficient and their length. We can see that the longer the CAZAC length is, the smaller the correlation coefficient becomes. The property is very important and it tells us if we want mitigate the cochannel interference coming from neighboring cell, we’d better use longer CAZAC. Usually, CDM use much longer CAZAC than FDM, so we can forecast that CDM has more advatanges than FDM in the view point of cochannel interference mitigation.
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Figure2 Relationship between CAZACs Correlation Coefficient and Their Length

Figure3 illustrates the simulation results.Target UE occupies one RB (25 subcarriers) and RPF equals to 6. In the simulation, different cochannel interference levels are added. From the simulation, we can see that CDM has an excellent ability to mitigate the cochannel interference compared with FDM. It is noted that in this simulation, power is not boosted in CDM and reference subcarriers are not reserved in FDM.
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Figure3 Comparison of the ability to mitigate the cochannel interference (CDM vs FDM)

4 Conclusions

In this document, we first point out we can boost a little of the uplink reference power if we adopt CDM sheme, since CAZAC used in CDM has very low PAPRor CM. We also give some simulation results when FDM is used and some reference subcarriers are occupied by other UEs for channel measurement. We find that when some other factors are considered such as boost power of uplink reference (CDM) and channel measurement (FDM), the performance is almost the same for both CDM and FDM used as uplink reference multiplexing for different UEs. However, we also compare the ability to mitigate the cochannel interference when FDM or CDM is used as uplink reference signals and find CDM is much better than FDM.
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