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1. Introduction

In RAN1#58bis, some important agreements on LTE-A PUCCH designs were reached as detailed in [1]. In regard to the ACK/NACK transmission, it was agreed that: 
· One ACK/NACK for each DL CC transport block should be supported
· Simultaneously multiple PUCCH transmission is also considered at least on single UL CC.
Also in previous meetings, it was agreed that LTE-A supports

· PUSCH transmission with non-contiguous resource allocation

· Simultaneous PUSCH and PUCCH transmission

All the above features will result in CM increase from the UE perspective. Although it is expected that the single-carrier property in UL may be relaxed for LTE-A UEs, to assure the reliability, the CM performance shall be evaluated feature by feature for detailed UL designs in Rel-10.
In this contribution, we evaluate the CM performance of the following UL transmission schemes: 
· CM for simultaneously multiple PUCCH transmission (NxPUCCH)
· CM for PUSCH transmission with non-contiguous resource allocation (clustered PUSCH)
· CM for simultaneous transmission of PUCCH and PUSCH
2. CM Evaluation for NxPUCCH
In this section, the CM performance of NxPUCCH [2] - [10] is studied. First of all, we compare the CM performance of NxPUCCH with different N value (i.e. N=1, 2, 3). Throughout the simulation, for any fixed base sequence, the cyclic shift sequence and orthogonal cover sequence of PUCCH are randomly generated. Figure 1 shows the average CM value over all combinations of cyclic shift sequences and orthogonal cover sequences for each base sequence, and Table 1 gives corresponding numerical results. Note that for the cases of 2xPUCCH and 3xPUCCH, the simulations are conducted under the assumption that multiple PUCCHs are allocated on non-contiguous RBs.   
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Figure 1: CM of NxPUCCH for N=1,2,3
Table 1: CM Result of NxPUCCH for N=1,2,3
	
	1xPUCCH
	2xPUCCH
	3xPUCCH

	CM Average
	0.7105
	2.3653
	2.9745


Further, we compare the CM performance of 2xPUCCH with different resource allocations: i.e.
· Case 1: 2xPUCCH in the same RB;
· Case 2: 2xPUCCH in two contiguous RBs;
· Case 3: 2xPUCCH in two non-contiguous RBs;
The average CM simulation results are given in Figure 2 and Table 2. Simulations indicate that the average CM values have slight differences among the three cases, while case 1 has the lowest one.
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Figure 2: CM of 2xPUCCH

Table 2: CM Result of 2xPUCCH
	Location of 2xPUCCH
	1RB
	Contiguous
	Non-contiguous

	CM Average
	2.3102
	2.358
	2.3653


3. CM Evaluation for Clustered PUSCH

It is a general agreement that non-contiguous PUSCH allocation is supported by LTE-A. In this section, we investigate the CM performance for PUSCH with different cluster numbers. Table 3 shows the results for the PUSCH transmission with cluster number equal to 1, 2, 3, 4, and 5 under various modulation levels. Clearly, CM for PUSCH increases with the increase on the number of clusters. Comparing Table 1 and Table 2 with Table 3, we can see that the average CM value for 2xPUCCH is not that high as those of PUSCH with cluster number larger than 2, which means if large clustered PUSCH is accepted in LTE-A, CM for 2xPUCCH is indeed not a challenge for PUCCH design. 
Table 3 CM Result of Clustered PUSCH
	PUSCH

Cluster Number
	1
	2
	3
	4
	5

	QPSK


	1.3458
	2.1593
	2.4794
	2.6786
	2.8077

	16QAM


	2.0687
	2.6399
	2.8887
	3.0263
	3.1236

	64QAM


	2.2222
	2.7431
	2.9669
	3.0998
	3.1911


4. CM Evaluation for Simultaneous PUCCH and PUSCH Transmission
Simultaneous PUCCH and PUSCH transmission is also supported by LTE-A. The CM performance of this transmission scheme is studied in this section. 

Firstly, we evaluate the CM performance for simultaneous PUCCH and PUSCH transmission with the same power per RE. The simulations are conducted with various PUSCH modulation levels and Figure 3 shows the results. Note that we also include the CM performance of 2xPUCCH in our comparison so as to provide a whole picture on the issue of uplink CM. It is clear from Figure 3 that the average CM for 2xPUCCH is smaller than simultaneous PUCCH and PUSCH transmission with higher PUSCH modulation levels, e.g. 16QAM and 64QAM. This actually implies that the CM performance for 2xPUCCH is reasonable and acceptable in LTE-A.
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Figure 3: CM of Simultaneous PUCCH and PUSCH Transmission with Equal Power
When simultaneously transmitting PUCCH and PUSCH, it may be needed sometimes to boost the power of PUCCH which has higher priority than data. Hereby in the simulation, we compare the CM performance for PUCCH+PUSCH with different transmit power per RE, i.e., 
[image: image4.wmf]PUCCHPUSCH

PP3dB

-=

 on a RE basis. As we can see from the average CM simulation results in Figure 4, as the power of PUCCH being boosted, the average CM values increases in all three modulation methods, which means boosting the power of PUCCH will lead to higher CM values.
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 Figure 4: CM of Simultaneous PUCCH and PUSCH Transmission with Power Difference
In Table 4, we summarize the average CM values for simultaneously transmission of PUCCH and PUSCH (w/o power boosting) and NxPUCCH where N = 2 and 3. Comparing the CM performance with simultaneous PUCCH and PUSCH transmission, CMs of 2xPUCCH seems quite reasonable and acceptable. Assuming PUSCH non-contiguous resource allocation with 2 clusters are supported, its CM performance is similar with 2xPUCCH and PUSCH+PUCCH transmission, which provides a balanced CM level for the three new features for LTE-A UL. And 3xPUCCH and PUSCH with 3 clusters result in higher CM level.
Table 4: CM Result of PUCCH+PUSCH, 2xPUCCH and 3xPUCCH
	
	PUCCH+PUSCH with Equal Power
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	2xPUCCH
	3xPUCCH

	CM

AVE
	QPSK
	16QAM
	64QAM
	QPSK
	16QAM
	64QAM
	
	

	
	1.9995
	2.5409
	2.6554
	2.2443
	2.6387
	2.7204
	2.3653
	2.9745


5. Conclusions

In this contribution, we evaluate CM performance for three new features in LTE-A UL. We would like to make the following conclusions: 

· The CM performance for NxPUCCH is reasonable
· At least N=2 is acceptable
· CM for PUSCH increases with the number of clusters
· CM of 2 clustered PUSCH is acceptable, but the exact number of PUSCH clusters can be further studied based on system performance
· Simultaneous PUCCH and PUSCH transmission shows acceptable CMs
· The LTE-A UL features, i.e. 2xPUCCH, PUSCH transmission with 2 resource clusters and simultaneous PUSCH and PUCCH transmissions, show similar and acceptable CM performance.
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Appendix

In the appendix, we show the simulation assumptions throughout this contribution. For CM simulation of PUCCH, the simulation assumptions are listed in Table 5 and those for PUSCH can be found in Table 6. Finally, Table 7 gives simulation assumptions for simultaneous transmission of PUCCH and PUSCH.
Table 5: Simulation assumptions for PUCCH
	Parameters
	Assumption

	Bandwidth
	5MHz

	PUCCH format
	PUCCH format 1b

For the case when 2xPUCCH located in 1RB, d(0) is randomly selected from {1, -1, j, j}
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	2

	CP type
	Normal CP

	CM calculation
	Subframe based


Table 6: Simulation assumptions for PUSCH
	Parameters
	Assumption

	Bandwidth
	10MHz

	Cluster length 
	Randomly generated from 1 to 50 RBs

	Gap between neighbour cluster
	Randomly generated 

	CP type
	Normal CP

	CM calculation
	Subframe based


Table 7: Simulation assumptions for PUSCH+PUCCH
	Parameters
	Assumption

	Bandwidth
	5MHz

	PUCCH format
	PUCCH format 1b
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	CP type
	Normal CP

	CM calculation
	Subframe based

	Bandwidth of PUSCH
	Randomly generated from 1 to 20 RBs
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