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1. Introduction
In LTE-Advanced UL, the discontinuous RB allocation within a component carrier (CC) (clustered DFT-S-OFDM) was agreed in RAN1#55bis[1]. By applying clustered DFT-S-OFDM, higher average sector throughput compared to SC-FDMA can be achieved due to flexible resource allocation [2]. 
For clustered DFT-S-OFDM, demodulation RS should be transmitted in the same band of data transmission. Hence, discontinuous RB allocation within a CC is also necessary for RS transmission. UL RS for clustered DFT-S-OFDM is required following features.

· CM of RS is almost equal to or lower than that of data 

· High channel estimation accuracy
In this document, we evaluate CM property and BLER performance and propose the mapping of UL RS sequence to DM RS resource of each cluster for clustered DFT-S-OFDM.
2. Mapping of UL RS sequence for clustered DFT-S-OFDM
As mapping of UL RS sequence for the discontinuous RB allocation with in a CC, 2 options can be considered. Similar to Rel-8 LTE, we assume that one SG is allocated per one CC. In this document, base sequence means CAZAC base sequence in Rel-8 LTE.
Option1: Map one base sequence to DM RS resource of multiple clusters in CC
Fig.1 shows the mapping of RS sequence in option1. The base sequence whose length corresponds to the number of allocated subcarriers within a CC is generated. The base sequence is divided into the size of each cluster. The divided base sequence is mapped to DM RS resource of each cluster, respectively. The pros and cons are as follows. 
Pros

· The CM of option1 is almost equal to or lower than that of data since CM of option1 correspond to that of clustered DFT-S-OFDM 
· The complexity of channel estimation is low since channel over all clusters with CC is jointly estimated. 

Cons

· The channel estimation accuracy becomes low due to the effect of discontinuous points.
Note: If the compensation of discontinuous points is utilized, the channel estimation accuracy may improve.
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Fig. 1 Mapping of RS sequence in option1
Option2: Map the base sequence corresponding to the size of each cluster to DM RS resource of each cluster, respectively.
Fig.2 shows the mapping of RS sequence in option2. The base sequence corresponding to the size of each cluster is generated, respectively. Each base sequence is mapped to DM RS resource of each cluster, respectively. The pros and cons are as follows.

Pros

· The channel estimation accuracy is same as Rel-8 LTE

Cons
· CM of option2 is slightly larger than that of data since CM of option2 correspond to that of N x DFT-S-OFDM 
· The complexity of channel estimation is high since channel for each cluster is separately estimated.
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Fig. 2 Mapping of RS sequence in option2

3. Simulation result
In this section, we evaluate the different of CM property between option1 and 2, quantitatively. Furthermore, we confirm that the channel estimation accuracy of option1 is similar to that of option2.
3.1 Simulation condition

Table 1 shows simulation assumptions. The number of allocated RBs within a CC is 20. When the number of clusters is 2 and 4, the number of RBs for each cluster is 10 and 5, respectively. RS sequence is CAZAC sequence included in sequence group (SG) which is defined in [3]. 
Table 1 simulation assumptions
	System bandwidth
	20MHz

	Modulation
	QPSK,16QAM

	No. of FFT size
	2048

	No. of allocated RBs
	20

	No. of Rx antennas
	2

	Propagation channel
	6ray Typical Urban

	Channel coding
	Turbo coding, R= 3/4

	Maximum Doppler Frequency
	FD =5.55Hz

	RS sequence
	CAZAC sequence with cyclic extension

	No. of clusters
	2, 4

	No. of RBs for each cluster
	10, 5 


3.2 CM property
The CM property of 2clusers and 4 clusters is shown in Fig.3 (a) and (b), respectively. The horizontal axis represents SG number. In option2, we also investigate the CM property with CM reduction scheme. In this scheme, the base sequence with different cyclic shift per each cluster is used, respectively. When the number of clusters is 2, the number of cyclic shift samples is 0 and 60 for cluster#1 and #2, respectively. When the number of clusters is 4, the number of cyclic shift samples is 0, 10, 20 and 30 for cluster#1, #2, #3, and #4, respectively.
In option1, 20 SGs have the lower CM than QPSK data of clustered DFT-S-OFDM. In option2 without CM reduction scheme, the CM increases up to 4.5 (6.8) dB with 2 (4) clusters. With CM reduction scheme, the CM of option2 becomes lower. However, option2 has CM corresponding to that of N x DFT-S-OFDM. We can see from Fig.3 (a) that the CM for QPSK data of N x DFT-S-OFDM is 0.4dB larger than that of clustered DFT-S-OFDM in average over different random sequences [4]. Similar to data, the CM difference between Option1 and Option2 is 0.4dB in average over different RS sequences. Hence, the number of SGs with the CM which is lower than QPSK data reduces. . In this case, 11 SGs have the lower CM than QPSK data of clustered DFT-S-OFDM. As the number of clusters increases, CM of option2 approaches to CM for QPSK data of N x DFT-S-OFDM because the property of RS sequence approaches to that of random sequence. 

Hence, Option1 is better than Option2 in terms of CM property.
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(a) 2clusters 
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(b) 4clusters 
Fig.3 CM property
3.3 Channel estimation accuracy

We investigate the BLER performance in option1 and 2. In option1, channel over all clusters with CC is jointly estimated. In option2, channel for each cluster is separately estimated.
BLER performances of option1 and 2 are shown in Fig.4.and they are same even with real channel estimation. The performance degradation from ideal channel estimation case is 0.4dB (0.5dB) with QPSK (16QAM)@BLER= 0.1.
Hence, option 1 and 2 have no difference in terms of channel estimation accuracy. 
[image: image5.emf]1.E-03

1.E-02

1.E-01

1.E+00

0 2 4 6 8 10 12

E

b

/N

0

(dB)

BLER

Ideal

Option1 Real

Option2 Real

Option1 Real

Option2 IdealOption2 Real

2clusters

16QAM R=3/4



QPSK R=3/4


Fig.4 BLER performance (2clusters)
4. Conclusion 
In this document, we evaluated CM property and BLER performance and proposed the optimum mapping of UL RS sequence to DM RS resource of each cluster for clustered DFT-S-OFDM. 
Option1: Map the divided base sequence to DM RS resource of each cluster, respectively.

Option2: Map the base sequence corresponding to the size of each cluster to DM RS resource of each cluster, respectively.

Though option 1 and 2 have no difference in terms of channel estimation accuracy, option 1 is better than option 2 in terms of CM property. Hence, Option1 is suitable to mapping of UL RS sequence to DM RS resource of each cluster for clustered DFT-S-OFDM 
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