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1. Introduction  
In Rel-8 LTE, CM (cubic metric) is not an issue since SC-FDMA is adopted for uplink. As the introduction of carrier aggregation for LTE-A, UE can transmit multiple channels simultaneous and cause rising of CM. The multiple channels simultaneous transmission includes multiple PUCCH transmission, multiple PUSCH transmission and PUCCH+PUSCH transmission. For the multiple PUSCH transmission, if the same RS pattern is used, the CM will be very high. Although the multiple PUCCHs are in different forms, the CM is always higher than that of single PUCCH transmission, especially when the number of simultaneous PUCCH transmission is large. In this contribution, we summarize the CM reduction method and give our views on uplink CM issue. 
2. CM of multiple PUSCH DM RS
In the previous discussion, some contributions focusing on the downlink RS CM reduction are present. The main idea is to break down the repeated pattern of downlink RS and can be used for uplink DM RS as well. Any solution to make UL DM RS different for each UL CC can reduce the CM, summarized as follow:
· Option 1: Use different base sequence for each UL CC [2] [3].

· Option 2: Use different cyclic shift for each UL CC [2] [3].

· Option 3: Perform a certain number of phase masks in time domain for each UL CC, and select only the combination that produces the lowest CM/PAPR for transmission [1].

Considering Option 3, we is also be used to reduce the CM of downlink RS [5]. As already mentioned in [5], phase masks (or phase rotation) method is not applicable for 2 DL CC. The simulation results shown in [3] can also prove that phase rotation has no CM reduction when spacing between the allocated RBs of each CC isn’t 2048 subcarriers in case of 2 UL CCs (assuming 2048 subcarriers in each UL CC with 20MHz). Therefore, the Option 1 and Option 2 should be the candidate for UL CM reduction. 
3. CM of multiple PUCCH

In the current status, multiple PUCCH transmission is not precluded. Considering the multiple PUCCH transmission, we need to study the CM issue especially when the number of simultaneous PUCCH transmission is relatively large. Since the multiple PUCCH are usually different from each other in sequence and cyclic shift, then the CM reduction for multiple PUCCH fall into number and resource for simultaneous PUCCH. 
Four cases are simulated.

Case 1: N*Rel-8 PUCCH channels fall into different CCs.

Case 2: N*Rel-8 PUCCH channels fall into the same CC, but N different RBs;

Case 3: N*Rel-8 PUCCH channels fall into the same CC and same RB. 

Case 4: N*Rel-8 PUCCH channels fall into the same CC, but random RBs.

The difference between Case 2 and Case 4 is that in Case 2, N*Rel-8 PUCCH channels falls into different RBs of the same CC while in Case 4, N*Rel-8 PUCCH channels are randomly selected from N-RBs each having 18 parallel PUCCH Format 1b resources.
From the scheduling restriction point of view, Case 1 brings no restriction. Case 2/3 will bring some restrictions on PDCCH scheduling. Case 4 is preferred if UE-specific UL anchor carrier is introduced to carry N*Rel-8 PUCCH channel. Case 1 is most straight forward for symmetry CA.
Simulation assumptions are listed in Appendix and simulation results are shown in Figure 1/2 and Table 1.
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Figure 1 cubic metric for different N
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Figure 2 cubic metric for different cases
Table 1 CM of N*Rel-8 PUCCH (mean CM)

	
	N= 1
	N =2
	N = 3
	N=4
	N=5

	Case 1
	0.71
	2.31
	2.92
	3.20
	3.38

	Case 2
	0.71
	2.31
	2.86
	3.12
	3.28

	Case 3
	0.71
	2.28
	2.82
	3.08
	3.22

	Case 4
	0.71
	2.31
	2.90
	3.20
	3.37


From the simulation results we can see that the CM difference of the cases mentioned above is small, especially when the number of N is relatively small. And considering the CM increase and power reduction of each PUCCH(Table 2), we think 2*Rel-8 PUCCH is most suitable when multiple PUCCH transmission is supported. The CM increase and the detection performance loss due to decreased transmission power may be acceptable for 2*Rel-8 PUCCH.
Table 2 CM increase and power reduction for N*Rel-8 PUCCH 
	
	N= 1
	N =2
	N = 3
	N=4
	N=5
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CM
	0
	1.6
	2.2
	2.5
	2.66

	Power
	1
	1/2
	1/3
	1/4
	1/5

	Power reduction (dB) compare to N=1
	0
	3
	4.8
	6
	7


4. CM of PUCCH+PUSCH

In [7], it is specified that simultaneous transmission of uplink L1/L2 control signalling and data is supported through two mechanisms

· Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8

· Control signalling is transmitted on PUCCH simultaneously with data on PUSCH
In addition to the TDM of PUSCH and PUCCH, FDM of PUSCH and PUCCH is also supported in LTE-A. Considering the frequency location of PUSCH and PUCCH, we evaluate the CM property for two cases, which is illustrated in Figure 3.
Case 1: PUSCH and PUCCH fall into the same CC;

Case 2: PUSCH and PUCCH fall into different CCs.

In each case, we simulate three scenarios:

· 1. PUSCH +PUCCH;

· 2. PUSCH with 2 clusters + PUCCH

· 3. PUSCH with 2 clusters + 2xPUCCH

In case of 2*Rel-8 PUCCH, it is assumed that they fall into the same CCs as case 4 mentioned in section 3. 
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Figure 3 Location of PUSCH and PUCCH for CM evaluation.

Simulation assumptions are listed in Appendix and simulation results are shown in Table 3.

Table 3 CM (mean) of PUSCH + PUCCH
	
	PUSCH only
	+ PUCCH
	+ 2xPUCCH

	
	QPSK / 16QAM /64QAM
	QPSK / 16QAM /64QAM
	QPSK / 16QAM /64QAM

	PUSCH
	1.20/2.01/2.17
	1.81/2.40/2.52 (case 1-1)
	-

	PUSCH with 2 clusters
	2.10/2.64/2.75
	2.31/2.78/2.88 (case 1-2)
	2.47/2.90/2.98 (case 1-3)

	PUSCH
	-
	1.81/2.40/2.52 (case 2-1)
	-

	PUSCH with 2 clusters
	-
	2.37/2.83/2.92 (case 2-2)
	2.54/2.94/3.05 (case 2-3)


It can be seen from the results that:

· The CM difference between Case 1 and Case 2 is very small.

· CM increase of simultaneous transmission of PUSCH and PUCCH is small compared to only PUSCH transmission.

5. Conclusions

In this contribution, we evaluate the CM property of multiple channel transmission for uplink. In conclusion, we propose that:
· Use different base sequence or cyclic shift for each UL CC to solve the CM issue of DM RS.

· For N*Rel-8 PUCCH, N should be limited to a relatively small value, i.e. N =2;

· For PUSCH + PUCCH transmission, the frequency location of PUSCH and PUCCH do not affect the CM property very much. And the CM increase of simultaneous transmission of PUSCH and PUCCH is relatively small compared to only PUSCH transmission.
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Appendix 

Table 4. Simulation assumption for NxPUCCH
	Parameter
	Assumption

	Bandwidth of each CC
	20MHz

	Number of aggregated CCs
	1,2,3,4,5
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Table 5. Simulation assumption for PUSCH + PUCCH
	Parameter
	Assumption

	Number of aggregated CCs
	2

	Bandwidth of each CC
	20MHz

	Scheduled bandwidth for each cluster (PUSCH)
	Randomly generated

	u for PUSCH DM RS of each cluster
	Randomly selected and same for each cluster

	u for PUCCH
	Same as for PUSCH

	n_PUCCH for each PUCCH
	Randomly generated
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