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1 Introduction
In the last RAN4 meeting, Motorola discussed a problem of R10 PUSCH and PUCCH configuration. In this contribution, we provide some simulation results and the suggested way forward.
2 Simulation result and analysis
The below figure shows a single 5MHz bandwidth simulation result, the RB location and the Pout can refer to the table 1. The simulation assumed PUCCH and PUSCH has equal number of RB and equal power, for the unequal power distribution, the IMD3 will increase on the side of larger power RBs and is discussed in section 3.
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Figure 1.  The simulation result of 5MHz bandwidth
	RB Location
	1,2,19,20
(Blue curve)
	1,2,19,20
(Pink curve)
	1~25
(Black curve)

	Pout (dBm)
	19.313
	21.928
	22.181


Table 1. RB Location and Pout of above figure
For LTE R8, single carrier scenario:

· If the PUSCH is near the PUCCH, then the IMD product will impact the in-band emission performance.

· If they are a little far from each other, then the IMD product will exceed SEM. 
· If they are more far from each other, then the IMD product will impact other adjacent band and exceed the spurious emission.
· If the IMD product fall into the RX band, it will bring the desensitivity of the receiver, it may occur in the bands which the bandwidth greater than the TX/RX guard band. The high rejection filter will be need to decrease this interference.
It is complicated to identify all the situations clearly with a table and avoid it through scheduler. In this situation, we need several methods to deal with it:

· Additional MPR, for transmit characteristic maybe >4dB from the figure, but consider the desensitivity, maybe more reduction is needed.

· Additional MSD, in some situations when the RX band is contaminated by the IMD product.

· Relaxation about the SEM, in-band emission and sometimes spurious emission.
· Use a more high linearly PA with more back off, it will increase the cost, size and power consumption.. 
PUSCH transmit with PUCCH simultaneously will reduce the PUCCH power, and also MPR will reduce the UL coverage obviously, it will bring impact to the system performance. Relaxation of spec seems unreasonable for the whole spectrum resource.
So we suggest if the coverage is important, only PUCCH can transmit, when the PUCCH power is not so important, they can transmit simultaneously with MPR. We can define a threshold for the total power and only less than the threshold, PUCCH and PUSCH can configure simultaneously. For the situation that the IMD product fall into the RX band, we do not allow this configure in these band.
For LTE R10, CA scenarios:
For inter-band non-contiguous CA scenario, it is similar to R8. For intra-band contiguous CA scenario, if only 1 PA is used, then the IMD product will very complex, but the impact is also similar to R8.
3 Power difference between PUCCH and PUSCH

To guarantee the cell coverage and HARK, the power of PUCCH is priority and PUSCH will have the rest of the power. The power difference between PUCCH and PUSCH can not be unlimited. Some aspects should be considered:
· Supposed PUCCH power is higher than PUSCH power, If PUSCH is adjacent to PUCCH, and then the ACLR of PUCCH will impact the PUSCH, and degraded the SNR of PUSCH.

· The inter-modulation product will increase at the side of higher power one compared to the equal power configuration.
· The PAPR will increase compared to the equal power configuration and the PA will has less back off and ACLR will increase too.

Supposed the worst case that PUCCH has ACLR of 33dBc, and PUSCH located in adjacent to it has 64QAM modulation map, then the EVM could not large than 8%, which corresponding SNR of 22dB, supposed the leakage of PUCCH is 5dB lower than the noise of PUSCH, then the power difference should not larger than -33+5+22=6dB.
The impact of IMD product and PAPR to ACLR can simulate as below table:

	Power difference between PUCCH and PUSCH(dB)
	Pout(dBm)
	ACLR1(dB)

	0
	21.94
	30.05

	6
	22
	29.47

	9
	22.1
	30

	0
	19.3
	33.5

	6
	19.32
	32.5

	9
	19.39
	32.6


The power difference between PUCCH and PUSCH will impact the ACLR slightly, which should be considered when they are configuration simultaneously.
4 Conclusion
In this contribution, we analyze the problem of R10 PUSCH and PUCCH configuration for both R8 and R10. We suggest if the coverage is important, only PUCCH can transmit; when the PUCCH power is not so important, they can transmit simultaneously with MPR. We can define a threshold for the total power and the limit of power difference, and only below the threshold, PUCCH and PUSCH can be configured simultaneously. In case that the IMD product falls into the RX band, we do not allow this configuration in these bands. We hope to inform it to RAN1 for their consideration.
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