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1 Introduction
For Rel-11 CA enhancement, simultaneous transmission of SRS and periodic CSI was discussed in RAN1 #67 meeting. According to the system level evaluation result and analysis in [1], SRS dropping would cause UL throughput loss. In the RAN1 #67 meeting [2], it concluded that: 
Study further the case of SRS + periodic CSI until RAN1#68
In this paper, we discuss the motivation and possible schemes for the simultaneous transmission of SRS and PUCCH, the trade-off analysis is also provided. 
2 Motivation
In Rel-10 carrier aggregation, a UE shall not transmit the periodic SRS when it collides with the periodic CSI using PUCCH format 2/2a/2b in the same subframe. And a UE shall not transmit aperiodic SRS when aperiodic SRS collides with PUCCH format 2a/2b or format 2 with HARQ-ACK in the same subframe. A UE shall not transmit PUCCH format 2 without HARQ-ACK when it collides with aperiodic SRS. 
In carrier aggregation, the probability of dropping SRS is increased especially while a large number of serving cells are configured.  In Rel-8, TDM could be considered as implementation method to avoid the collision between periodic CSI and periodic SRS in the same subframe.  However, if the number of activated serving cells is large, the collision probability of CSI and SRS is much higher than Rel-8, which will cause more frequent SRS dropping or CSI dropping than in Rel-8.  

If the TDM is used to decrease the collision probability for SRS and CSI, the feedback periodicity of SRS will be increased. According to the simulation result in [1], shown in appendix A, it can be seen that system suffers around 9% cell average throughput loss and 16% cell edge throughput loss while period of SRS transmission is increased from 5ms to 10ms for case 1 scenario. 
Based on the observation of appendix A, we can see that frequent dropping SRS or enlarging SRS feedback period will cause obvious degradation of UL performance.
Therefore, simultaneous transmission of periodic SRS and periodic CSI should be considered in Rel-11.
Proposal 1: Simultaneous transmission of periodic SRS and periodic CSI is supported in carrier aggregation.
3 Schemes for simultaneous transmission of SRS and PUCCH
In Rel-8, the shortened PUCCH format 1/1a/1b was defined to support HARQ-ACK/SR and SRS transmission in the same subframe, and shortened format 3 is further introduced into Rel-10 for the same purpose. The shortened PUCCH format 1/1a/1b and 3 avoid the overlap of the last OFDM symbol, when the HARQ-ACK/SR and SRS simultaneously transmit in the same subframe. In Rel-10, due to the constraints of discussion time, the shortened PUCCH format 2/2a/2b is not supported. 

In Rel-11, the shortened PUCCH format 2/2/2b and 3 for CSI transmission can be considered to support simultaneous transmission of SRS and periodic CSI. 

Method 1, shortened PUCCH format 2 to support CSI+SRS
The shortened PUCCH format 2 should be considered to support periodic CSI and SRS transmission in the same subframe. As shown in [3], shortened PUCCH format 2 with puncturing the first two coded bits after (20, A) RM coding is a good way to support simultaneous transmission of periodic CSI and SRS. According to the simulation results in [3], we can see that the performance for shortened PUCCH Format 2 with puncturing the first two coded bits is even better in some cases compared to the existing PUCCH Format 2, because puncturing the first two coded bits can provide diversity gain for the 6th control information bit.  
Method2, shortened PUCCH format 3 to support simultaneous multiple CSIs+ SRS
If PUCCH format 3 is used for multiple periodic CSI reporting, shortened PUCCH format 3 for simultaneous transmission of HARQ-ACK and SRI in Rel-10 can be reused. The shortened PUCCH format 3 could be used to avoid 

The shortened PUCCH format 2 and shortened PUCCH format 3 could save extra impact and work for the power control while SRS and CSI are configured to transmit in the same subframe. 
Proposal 2: Shortened PUCCH format 2/2a/2b and shortened PUCCH format 3 can be considered for simultaneous transmission for periodic CSI and periodic SRS.
4 Trade-off analysis
The shortened PUCCH format 2 and shortened PUCCH format 3 could support simultaneous transmission of periodic CSI and SRS, and the corresponding trade-off analysis is shown in figure 1. From the evaluation, we can see that supporting simultaneous transmission of periodic CSI and SRS will avoid dropping SRS frequently and thus avoid heavy impact on UL throughput. The impact of specification is limited since it can reuse the similar scheme for shortened PUCCH format 1/1a/1b/3.
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5 Conclusion
In this contribution, we provide our views on simultaneous transmission of periodic SRS and periodic CSI. Based on the analysis in section 2 and 3, we have the following proposals:
Proposal 1: Simultaneous transmission of periodic SRS and periodic CSI is supported in carrier aggregation.

Proposal 2: Shortened PUCCH format 2/2a/2b and shortened PUCCH format 3 can be considered for simultaneous transmission for periodic CSI and periodic SRS.
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Appendix A
UL throughput with different SRS transmission periodicity
	Periodic

of SRS  
	Throughput of Case 1 
	Throughput  of Case 3

	
	Cell average
	Cell edge
	Cell average
	Cell edge

	
	Mbps
	Loss
	kbps
	Loss
	Mbps
	Loss
	Kbps
	Loss

	5 ms 
	19.80 
	0.00%
	625.00 
	0.00%
	12.95 
	0.00%
	41.30 
	0.00%

	10 ms
	18.01 
	-9.04%
	523.00 
	-16.32%
	11.77 
	-9.11%
	36.21 
	-12.32%

	15 ms
	17.30 
	-12.63%
	474.00 
	-24.16%
	11.33 
	-12.51%
	34.53 
	-16.39%


* This simulation results refers to table 1 in [1].
Appendix B

	Parameter
	Assumption

	Bandwidth
	10MHz

	Duplex
	FDD

	Antenna configuration
	DL 4  UL 2 SU-MIMO

	PDSCH Scheduler
	PF

	Average UE per sector
	10

	UE speed
	3 Km/h

	Channel model
	SCM Case 1, Case 3 

	Period of SRS 
	5ms, 10ms, 15ms

	SRS bandwidth
	8 PRB

	BLER target
	10%
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