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1. Introduction

There might be two main categorizations for non-contiguous allocation scenarios in LTE-A UL transmission. One could be inter-CC (Component Carrier) aspect considering NxPUCCH and/or MxPUSCH. While the CM for random data channel on non-contiguous allocation could be sufficiently averaged, that for sequence based channel such as PUCCH or DM RS may not be averaged due to a PCI connection having a same base sequence between them in some cases. The other could be intra-CC aspect considering clustered-DFTs OFDMA. The same base sequence for each cluster will result in high CM value.
This contribution discusses several solutions to address above issues. 
2. Inter-CC Aspect (Carrier Aggregation)
The CM value may be increased depending on PCI used for base sequence in PUCCH and/or DM RS. For example, assuming two component carriers which are operated based on the same PCIs, the correspondent CM values will be increased on the assumption that each CC shares the same PAs. We discuss three solutions as following;
· Different sequence groups (base sequence) on each CC [1][2]
· Explanations

· Different base sequences per CC provide low CM averaging at UE. 
· For DM RS, it can come true by setting different 
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 per CC in an eNB implementation way.
· For PUCCH, it can be accomplished by allocating different PCIs per CC.
· Pros

· It provides lower CM than conventional one while maintaining Rel-8 backward compatibility.
· Cons

· To configure different 
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 per CC may make cell-planning difficult depending on deployment scenarios since it practically consumes one additional PCI.
· When the network configures the same PCI across CCs, the CM cannot be reduced by means of different PCIs with maintaining Rel-8 backward compatibility.

· Different cyclic shifts on each CC [1][2]
· Explanations
· Different cyclic shifts per CC provide low CM averaging at UE.
· For DM RS, it can be come true by setting different 
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 per CC in an eNB implementation way.
· For PUCCH, different resources with different cyclic shifts can be accomplished by eNB controller.

· Pros

· It provides lower CM than conventional one while maintaining Rel-8 backward compatibility.
· Cons

· The eNB scheduler may become somewhat complicated.
· Phase modulation on each CC [3][4]
· Explanations

· To apply phase modulation per each CC can provide low CM. The phase modulation may be applied on entire CC to keep Rel-8 backward compatibility.
· Selective phase modulation [4]
· The best phase values per CC can be adaptively selected by means of additional computation at UE.
· Fixed phase modulation [3]
· The phase values can be predetermined. For example, [1 1 -1] for 3 CCs, [1 1 1 -1] for 4 CCs, and [1 1 1 -1 1] for 5 CCs

· Pros

· It provides lower CM than conventional one while maintaining Rel-8 backward compatibility.
· Cons

· There is no solution in case of carrier aggregation with two component carriers.
· With selective phase modulation, the additional UE complexity to find the best phase value is required.

· With fixed phase modulation, the effectiveness of CM reduction in non-equi-distance allocation has not been clarified yet.
Conclusion1: The CM reduction for inter-CC can be made in an eNB implementation way by means of allocating different cyclic shifts per CC.
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Figure 1 Segmentation of UL DM RS in clustered DFTs OFDMA [5]
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Figure 2 Illustration of non-orthogonal RS multiplexing for MU-MIMO with segmentation of UL DM RS
3. Intra-CC Aspect (Clustered DFTs OFDMA)
In clustered DFTs OFDMA, multi-clusters might result in high CM from the repetitive DM RS sequences due to common PCI within a CC. We discuss the following three alternatives to solve CM problem; segmentation, CS (Cyclic Shift) shifting, and phase modulation.

1) Segmentation [5]
The DM RS sequence is generated in frequency domain to fit entire length of multiple clusters. Then, each part of the sequences is mapped for each cluster according to clustered DFTs OFDMA mapping. The illustration of this is shown in Figure 1. The only difference from the generation of clustered DFTs OFDMA is not to have DFT precoder, which means the direct generation of the sequences in frequency domain.
This approach can effectively reduce the CM value resulting from the repetitive clusters with common base sequence. However, it is difficult to make orthogonal RS multiplexing for MU-MIMO between Rel-8/9/10UEs with SC-FDMA mode and Rel-10UEs with clustered DFTs OFDMA mode due to different sequences with different length. Moreover, even quasi-orthogonal RS multiplexing is also difficult since the sequences with high correlation values are grouped into the same sequence group to avoid severe interferences among the sequence groups [6]. This is illustrated in Figure 2.
In addition, this approach may require another channel estimator as a mandatory different from Rel-8 one since the whole band filtering may be necessary. It could result in implementation restriction because the Rel-8 channel estimator cannot be reused.

2) CS shifting on each cluster [5][2]
The basic principle for DM RS generation per each cluster follows the Rel-8 principle. Then, the different CS values on each cluster can also help reduce CM value. The specific CS shifting pattern can be predetermined. For example, the CS values for each cluster can be defined depending on the clustered number as 
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 is cluster index. 
This approach can effectively reduce the CM value as well as keep the backward compatibility with Rel-8 UE.
3) Phase modulation on each cluster [3][4]
It seems to be natural the extension of phase modulation concept as discussed in Chapter 2 after sequence generation per each cluster with Rel-8 principle. The phase modulation only for DM RS part, which is different from inter-CC case, may be desirable since phase modulation on data part from clustered DFTs generation will further deteriorate the CM values (see eg. CM evaluation below).
This approach can also effectively reduce the CM value and keep the backward compatibility with Rel-8 UE. However, there is no solution for two-cluster case and the CM reduction for non-equi-distance allocation has not been clarified, either. In addition, since the current working assumption for DM RS is precoded DM RS with same precoder as data part, the phase modulation on DM RS only will violate current working assumption.
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(a) Ncluster = 2                                         (b) Ncluster = 3
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(c) Ncluster = 4                                         (d) Ncluster = 5
Figure 3 CM evaluation for DM RS in subframe level with data transmission
<CM Evaluation>

The DM RS transmission with PUSCH is assumed. The CM values are measured during a subframe (1ms) with normal CP configuration. The random QPSK modulation for PUSCH and CS hopping for DM RS at slot level are assumed at every trial. Only equi-distance allocation is considered. The considered cluster size and gap between clusters are 1RB and 2RB, respectively. The evaluated numbers of clusters are 2, 3, 4, and 5. For the phase modulation, we used the modulation vector as [1 -1], [1 1 -1], [1 1 1 -1], and [1 1 1 -1 

1] for Ncluster=2, 3, 4, and 5, respectively [3]. The evaluation results are shown in Figure 3 and the relative CM gain to conventional at 99% is listed in Table 1.
Table 1 Relative CM gain to conventional at 99% CM
	　
	Conventional
	Segmentation
	CS shifting
	Phase modulation (RS only)
	Phase modulation (Data+RS)

	N_cluster=2
	0.00 
	0.20 
	0.16 
	0.00 
	0.00

	N_cluster=3
	0.00 
	0.40 
	0.36 
	0.47 
	-0.13

	N_cluster=4
	0.00 
	0.61 
	0.54 
	0.65 
	-0.15

	N_cluster=5
	0.00 
	0.73 
	0.73 
	0.88 
	-0.13


From the evaluation results, we observe that;
· For Ncluster=2, 

· Segmentation and CS shifting shows the efficient CM reduction gain as 0.20dB and 0.16dB, respectively, to conventional at 99% CM.
· No CM reduction with phase modulation has been observed.
· For Ncluster>2,
· Segmentation, CS shifting and phase modulation on RS only shows the efficient CM reduction gain as 0.40~0.73dB, 0.36~0.73dB, and 0.47~0.88dB, respectively, to conventional at 99% CM.

· Phase modulation on both data and RS rather deteriorates CM than conventional as about 0.14dB.
From the observation, segmentation and CS shifting seem to be good candidates in CM reduction perspective for all cluster scenarios. Considering the evaluation results and above discussion, we conclude following;
Conclusion2: It is proposed that CS shifting on each cluster is applied to reduce CM in clustered DFTs OFDMA transmission.
4. Conclusion

This contribution discussed the CM issues and provided the solutions for CM reduction under non-contiguous allocation. As a conclusion, we summarize our view as follows;
· Inter-CC aspect in carrier aggregation
· The CM reduction can be made by means of eNB implementation with different cyclic shift on each component carrier.
· Intra-CC aspect in clustered DFTs OFDMA

· It is proposed that CS shifting on each cluster (eg. 
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 is cluster index) is applied to reduce CM in clustered DFTs OFDMA.
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