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1 Introduction
An LS from RAN4 [1] was sent to RAN1discussing about simultaneous PUSCH and PUCCH and clustered SC-FDMA. In this contribution, we evaluate the impact on design of simultaneous PUCCH and PUSCH transmission according to the input from RAN4 and provide our view about it.
2 Discussion
2.1 Fallback mechanism

According to the RAN4 LS [1], the following is requested:

RAN4 would also like to point out that for some deployment scenarios simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions in non-adjacent RBs may not be feasible or possible so RAN4 kindly asks RAN1 to specify a fallback mechanism to Rel-8 and Rel-9 signalling.
According to TR36.814 [2], simultaneous transmission of uplink control information (UCI) and data are supported through the following two mechanisms in LTE-Advanced.
· Mechanism-1: Control signalling is multiplexed with data on PUSCH according to the same principle as in Rel-8.

· Mechanism-2: Control signalling is transmitted on PUCCH simultaneously with data on PUSCH.

We consider Mechanism-1 is supported in LTE-A as the fallback mechanism.  

2.2 Simultaneous PUSCH and PUCCH

The LS from RAN4 also asks the following question regarding simultaneous PUSCH and PUCCH [1]: 

For control-data decoupling, certain simultaneous PUSCH/PUCCH and PUCCH/PUCCH transmissions across contiguous or non-contiguous CC or within a CC will not meet regulatory requirements without a reduction of the maximum transmit power. The required power back-off is in the range 4-6 dB when equal power PUSCH and PUCCH allocated at two ends of the transmission bandwidth. Larger PUSCH allocation and PSD leads to much smaller back-off. The back-off could be up to 10 dB in some cases. A restriction of the RB location may also be needed. What would be impact of such limitations on the uplink control signalling for carrier aggregation or for enhanced feedback mechanisms? 
Since Mechanism-1 is anyway to be supported, whether Mechanism-2 would be supported or not may depend on how much benefit it can bring and how many problems it will incur.
In the following, we will evaluate Mechanism-2 from several aspects.  

Feasibility to adjust the power back-off dynamically
Based on the LS from RAN4 [1], it can be seen that the required power back-off is varied with the resource allocation dynamically, and can vary with large range. The following two ways can be considered to enable dynamic power back-off:

· Introduce L1 signaling to UE so that UE may adjust the transmitting power in every transmission. 

With this method the signaling overhead may be too large. And the implementation complexity for both eNB and UE is big concern.
· Standardize power back-off table with reference to all the allowed resource allocations, so that UE may adjust the transmitting power in every transmission.

This method will require big standard effort both in RAN1 and in RAN4. The implementation complexity for both eNB and UE is also big concern.
So it seems more practical to always set power back-off to the maximum value, e.g., 4-6 dB or 10dB.
UL Coverage 

In the following, the evaluation on PUCCH and PUSCH coverage is provided with consideration on power back-off of 4dB, 6dB and 10dB. Considering the maximum transmit power would be split between PUCCH and PUSCH equally, the corresponding power back-off for PUCCH and PUSCH are 7dB, 9dB and 13dB. Assuming power back-off 0dB is corresponding to the case without simultaneous PUCCH and PUSCH, the evaluation results are shown in table 1. The simulation method of link budget can be referred to reference [3], and the signal-to-noise ratio used to evaluate the coverage is shown in Appendix C with simulation assumption shown in Appendix A.   
Table 1 PUCCH and PUSCH coverage
	Channel
	Power Back-off (dB)
	Coverage (m)
	Coverage Reduction

	PUCCH Format 2
	0dB
	1498.9
	0%

	
	7dB
	966.1
	35.5%

	
	9dB
	852.2
	43.1%

	
	13dB
	663.1
	55.8%

	PUSCH
	0dB
	839.3
	0%

	
	7dB
	541.0
	35.5%

	
	9dB
	477.2
	43.1%

	
	13dB
	371.3
	55.8%


Table1 shows that the power back-off will result in approximate 35.5% ~55.8% coverage reduction. So even if simultaneous PUCCH and PUSCH transmission is supported, it can be only applicable for the UE located in the cell center. 
Possibility of increasing PUSCH data rate   

It was addressed that the main benefit of simultaneous PUCCH and PUSCH transmission is to free the PUSCH resources occupied by UCI for data transmission in order to allow UE to obtain high data rate compared to Mechanism-1.
But in the cell center, which is the typical scenario for simultaneous transmission according to the above analysis, this advantage is marginal. Firstly, the resource on PUSCH occupied by UCI would not be a lot due to the high SNR. Secondly, simultaneous PUCCH and PUSCH transmission will reduce the maximum transmit power for PUSCH, which will decrease the performance much as shown by figure 1 in the appendix B and thus may result in lower data rate..
Inter-cell interference on PUCCH  

The PUCCH is interference limited, so more PUCCHs transmitted in the same RB will result in larger interference to the PUCCH from neighbor cell. Supporting simultaneous PUCCH and PUSCH transmission will increase the number of PUCCH transmitted in the same RB compared to Mechanism-1, and thus increase the interference to the neighboring cells. 
Test Complexity  

According to the evaluation in RAN4, simultaneous PUCCH and PUSCH transmission will create severe out-of-band and in-band emissions [5], thus need to define MPR/A-MPR for all combinations of simultaneous PUCCH and PUSCH transmission. Unfortunately, MPR/A-MPR would depend on many factors such as the number of resource blocks and the frequency position of RB for each PUCCH/PUSCH, and as a result UE needs to support quite complicated MPR/A-MPR tables, which will increase the UE complexity and testing complexity significantly [4].    
UCI Reliability  
It is hard to conclude that the reliability for the UCI on PUCCH is better than the reliability for the UCI on PUSCH when the power back-off.of the former is considered. 

· The UCI on PUSCH without power back-off can also get good transmission performance due to high SNR in the cell center which can be the typical case of simultaneous PUSCH and PUCCH. 
· If the RB for PUSCH is larger, the inherent frequency diversity in the PUSCH is likely to be larger than the one achieved by PUCCH transmission and thus as a result better transmission performance [6]. 
· The reduction of the maximum transmitting power for PUCCH will decrease the performance much. 
3 Conclusion
The different impacts caused by simultaneous PUCCH and PUSCH transmission are evaluated in this contribution, with consideration of the input from RAN4.  
According to the analysis in this contribution, there are many problems to be considered for simultaneous PUCCH and PUSCH transmission with one PA. So it is suggested to revisit the conclusion of supporting simultaneous PUCCH and PUSCH transmission under one PA in Rel-10. 
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Appendix A
Simulation Assumptions 

Table 2 PUSCH Simulation Assumptions 

	Parameters
	Value

	Number of simulation
	10,000 TTIs

	Carrier frequency
	2.5GHz

	Transmission bandwidth
	10MHz 

	Frequency hopping
	Type 1 PUSCH hopping

	Data modulation
	QPSK

	Channel coding
	Turbo coding 

	Reference signal sequence
	Zadoff-Chu sequence

	Cyclic prefix
	Normal cyclic prefix

	Channel model
	ITU Urban micro‑cell (Umi)

	UE’s velocity @ Doppler frequency
	3 km/h 

	Channel estimation
	Freq. domain: DFT based interpolation

Time domain: Linear interpolation

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	Data Transmission Rate
	187200 bit/s

	RB number for PUSCH
	5RB


Table 3 PUCCH Simulation Assumptions 

	Parameters
	Value

	Number of simulation
	10,000 TTIs for PUCCH Format 2;
100,000 TTIs for PUCCH Format 1a;

	Carrier frequency
	2.5GHz

	Transmission bandwidth
	10MHz 

	Frequency hopping
	At slot boundary

	Modulation Scheme
	QPSK

	Cyclic prefix
	Normal cyclic prefix

	Channel model
	ITU Urban micro‑cell (Umi)

	UE’s velocity @ Doppler frequency
	3 km/h 

	Channel estimation
	joint channel estimation and decoding

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)

	Number of CQI information bits
	4bit

	UE number
	1 


Appendix B

Link-level Simulation Results 

The simulation results on PUSCH and PUCCH performance with different power back-off are shown from figure 1 to figure 3.

[image: image1]
Fig. 1.  Performance for PUSCH with different power back-off 
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Fig. 2.  Performance for PUCCH Format 2 with different power back-off 


[image: image3]
Fig. 3.  Performance for PUCCH Format 1a with different power back-off 

Appendix C

SNR input for link budget
From figure 1 to 3, we can get the signal-to-noise ratio used to evaluate the PUCCH and PUSCH coverage, which are shown in table 4. The coverage is derived with the method described in reference [3]. The same signal-to-noise ratio was used but the maximum transmit power changes according to the different values of power back-off.  

Table 4 signal-to-noise ratio used to evaluate coverage
	Channel
	Target BLER
	Es/N0

	PUCCH Format 2
	1%
	-9.25

	PUSCH
	10%
	-1.74
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