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1 Introduction
In LTE-A, carrier aggregation is utilized to extend transmission bandwidth. For uplink access scheme, N x DFT-S-OFDM is exploited to realize carrier aggregation. Though the cubic metric(CM) of RS is required to be almost equal to or lower than that of data, the CM with N x DFT-S-OFDM increases when the same RS sequence is used in multiple component carriers (CCs). 
So far, CM reduction schemes for UL RS for carrier aggregation are introduced in [1, 2]. In this document, we clarify the effect of the CM reduction schemes for UL RS for carrier aggregation with several patterns of RB allocation.
2 CM reduction of UL RS for carrier aggregation
2.1 Sequence-groups (SGs)
In Rel-8 LTE UL, RS sequence of SG number u is defined as follows. 
RS sequence 
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 is the length of the reference signal sequence, 
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 is sequence group (SG) number and 
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 is the base sequence number within the group. Base sequences 
[image: image8.wmf])

(

,

n

r

v

u

 are divided into 30 sequence groups (SGs). 
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where the 
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 root  Zadoff-Chu sequence is defined by

[image: image13.wmf](

)

1

0

,

RS

ZC

)

1

(

RS

ZC

-

£

£

=

+

-

N

m

e

m

x

N

m

qm

j

q

p


with 
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The length 
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 of the Zadoff-Chu sequence is given by the largest prime number such that
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where the value of 
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We assume that above 30 SGs are reused in LTE-A UL RS.

2.2 Options of CM reduction of UL RS for carrier aggregation
So far, following 3 options of CM reduction of UL RS for carrier aggregation were proposed 
Option1: Different SG for each CC[1]
Fig.1 shows RS sequence generation of option1. In this option, different SG is utilized for each CC. Since each SG is composed of different base sequences, different base sequence is used even if the number of allocated RBs among different CCs is same. 
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Fig.1 Different SG for each CC
Option2: Different cyclic shift sequence for each CC[1]
Fig.2 shows RS sequence generation of option2. Since the same SG is utilized for all CCs, the same base sequence is utilized if the number of allocated RBs is same. But, RS sequence for each CC is different as different cyclic shift is applied.
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Fig.2 Different cyclic shift sequence for each CC
Option3: Different phase rotation for each CC[2]
    Fig.3 shows RS sequence generation of option3. Since the same SG is utilized for all CCs, the same base sequence is utilized if the number of allocated RBs is same. But, RS sequence for each CC is different as different phase rotation is applied. 
Phase rotation results in changing the spacing between the allocated RBs of each CC. CM is very similar with any spacing except 2048 subcarriers. It means that phase rotation has no CM reduction when spacing between the allocated RBs of each CC isn’t 2048 subcarriers.
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Fig.3 Different phase rotation for each CC
3 CM property of UL RS for carrier aggregation
We evaluate the CM property of options1 and 2 by simulation in this section. We tentatively evaluate the CM property of option3.
3.1 Simulation condition

Table 1 shows simulation assumptions. The number of CCs is 2 and the number of allocated RBs per CC is 5. The spacing between allocated RBs of each CC is 1320 subcarriers. We evaluate CM property with 2 patterns of RB allocation. One is a pattern where each CC has 1 cluster, the other is a pattern where each CC has 2 clusters. When each cluster is clustered DFT-S-OFDM, the spacing between clusters within CC#1, CC#2 is 2RBs and 10RBs, respectively. 
Table 1 Simulation assumption

	System bandwidth
	40MHz

	No. of CCs
	N=2

	No. of RBs per CC
	5

	No. of DFT size
	60

	No. of RBGs per CC
	1, 2
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(a) 1 cluster per a CC 
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(b) 2 clusters per a CC 
Fig.4 RB allocation 

3.2 Simulation result

At first, we investigate the CM property when each CC has 1 cluster. When the same SG for all CCs is assumed, the CM increases up to 4.7 dB. The CM of Option1 decreases to similar CM of QPSK data. In Option2, the CM also decreases to similar CM of QPSK data, but the CM varies widely. The reason is as follows. Though different SG is used for each CC in option1, same SG is used for each CC in option2. Hence, the CM of option2 depends on using SG. As we discussed in section2, Option3 has no CM reduction in this situation.
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Fig.5 CM property of when each CC has 1 cluster
Fig.6 shows the CM property when each CC has 2 clusters (clustered DFT-S-OFDM). The CM of QPSK data becomes 0.5 dB higher than that of Fig.1 because the number of clusters increases. When the same SG for all CCs is assumed, the CM increases up to 5.0 dB. In this case, we can see that the CM with Option1 and Option2 decreases to the CM of QPSK data with 2clusters within each CC. As we discussed in section2, Option3 has no CM reduction in this situation.
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Fig.6 CM property when each CC has 2 clusters (Clustered DFT-S-OFDM)

The effect of option3 depends on the spacing between the allocated RBs of each CC. Hence, Option1 or Option2 is suitable for LTE-A UL since the effect is independent of the spacing between the allocated RBs of each CC.

4 Conclusion
In this document, we clarified the effect of the CM reduction schemes for UL RS for carrier aggregation.
· Different SG for each CC or different cyclic shift sequence for each CC is suitable for LTE-A UL, because the CM decreases to similar CM of QPSK data and the effect is independent of the spacing between the allocated RBs of each CC
· Different phase rotation for each CC is not suitable for LTE-A UL, because the effect of CM reduction depends on the spacing between the allocated RBs of each CC. 
References

[1] R1-092380, Huawei “CM issues for UL carrier aggregation,” 2009
[2] R1-093363, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent “CM/PAPR Reduction of Aggregated Carriers for Uplink of LTE-Advanced,” 2009





















































































































1320 subcarriers 








1320 subcarriers 











_1256455999.unknown

_1314692629.unknown

_1314692905.unknown

_1315761070.unknown

_1314692912.unknown

_1314692861.unknown

_1262768550.unknown

_1262772084.unknown

_1256456544.unknown

_1256459829.unknown

_1256455699.unknown

_1256455887.unknown

_1256455920.unknown

_1256455763.unknown

_1254157284.unknown

_1254159160.unknown

_1255351676.unknown

_1254158673.unknown

_1250503547.unknown

_1254157269.unknown

_1250503527.unknown

