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1 Introduction  
To improve the system performance, UE with 4RX was introduced in RAN1 and is under discussion in RAN4 in these days. However, with the limitation of power and cost, only one PA is configured for each UE in generally. 

For the UE with 4RX but only one PA, it is hard to obtain the full DL CSI at the transmitter by SRS since only 2TX switching SRS transmission is supported in the previous releases. To solve the problem, in the SI stage for EB/FD-MIMO, the 4TX switching SRS transmission has been discussed and significant gain was observed [1]

 REF _Ref427351098 \r \h 
[2]. And, in RAN#68 meeting, SRS transmission with 4TX switching was agreed as one of the SRS enhancements in the WI of FD-MIMO [3].
In this contribution, we give the detailed design of 4Tx switching SRS transmission and provide more performance evaluation for the 4Tx SRS transmission in FTP traffic model. 
2 Performance Evaluation

In this section, we provide the performance evaluation of the 4TX switching SRS transmission in the FTP traffic model, where the baseline is 2TX switching SRS transmission scheme. In the simulation, TDD uplink-downlink configuration 2 with 3D UMi scenario is used. The antenna port configurations are 8H1V and 8H2V, as shown in Figure 1. It is worth noting that both the baseline and proposed scheme are with 4RX, and practical SRS modelling [4] is assumed in the simulation.
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Figure1. Antenna port configurations in the simulation

Bursty buffer traffic with FTP1 model is assumed in the simulation, where the arrival rate is set to lambda=4.0, corresponding to medium traffic load.  Other detailed simulation assumptions can be found in Appendix. 
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             Figure 2.  Performance gain in 8H1V                         Figure 3.  Performance gain in 8H2V
In Figure 2 and Figure 3, the performance gain of 4Tx switching SRS transmission for 8H1V and 8H2V are provided, respectively. From simulation results, it shows that 4TX switching SRS transmission obtains more than 20% cell-average gain and nearly 40% performance gain for the cell-edge, and the performance gain in 8H2V case seems a little better, especially in the cell-edge. 
 Observation: In FTP traffic model, the 4TX switching SRS transmission can obtain significant performance gain compared to the legacy 2TX switching SRS transmission in both 8H1V and 8H2V antenna configurations.
3 4TX switching SRS transmission
To support 4TX switching SRS transmission, the SRS hopping for 4TX switching should be defined in the specification. It is well known that the following principle is satisfied in 2TX switching SRS transmission:

1) The whole configured bandwidth for SRS needs to be covered by K SRS transmissions

2) In the K SRS transmissions, the opportunity of SRS transmission for each antenna is needed to be as equal as possible
3) Within 2K SRS transmissions, the whole configured bandwidth for SRS is covered by each antenna 
For 4TX switching SRS transmission, the similar SRS hopping principle should be supported. The first two principles can be reused in the 4TX switching SRS transmission. Considering the impact of 4TX switching, the last principle should be modified as
· Within 4K SRS transmissions, the whole configured bandwidth for SRS is covered by each antenna 
According to the above discussion, the SRS hopping for 4TX switching SRS transmission is given as follows.
When frequency hopping is disabled, the antenna index for SRS transmission
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where nSRS  counts the number of UE-specific SRS transmission.
When frequency hopping is enabled, the index 
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where 
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is the minimum needed number of SRS transmissions to cover the whole configured bandwidth for SRS. 
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are used to guarantee that the whole configured bandwidth for SRS can be covered by 4K SRS transmissions for each antenna and the opportunity for SRS transmission is as equal as possible for each antenna in K SRS transmission. 
Based on the proposed scheme in (1) and (2), we show the antenna switching pattern for SRS transmission in Table 1. In the example, SRS hopping is enabled with K = 4. Each SRS transmission will cover one fourth of the whole configured bandwidth for SRS. K=4 SRS transmissions covers the whole configured bandwidth for SRS. 
Table 1 An example of SRS hopping with K=4
	nSRS
	First part of  SRS bandwidth
	Second part of  SRS bandwidth
	Third part of  SRS bandwidth
	Fourth part of  SRS bandwidth

	0
	Antenna index 0
	
	
	

	1
	
	Antenna index 1
	
	

	2
	
	
	Antenna index 2
	

	3
	
	
	
	Antenna index 3

	4
	Antenna index 1
	
	
	

	5
	
	Antenna index 2
	
	

	6
	
	
	Antenna index 3
	

	7
	
	
	
	Antenna index 0

	8
	Antenna index 2
	
	
	

	9
	
	Antenna index 3
	
	

	10
	
	
	Antenna index 0
	

	11
	
	
	
	Antenna index 1

	12
	Antenna index 3
	
	
	

	13
	
	Antenna index 0
	
	

	14
	
	
	Antenna index 1
	

	15
	
	
	
	Antenna index 2


From Table 1, we can see that the opportunity for each antenna is the same in K=4 SRS transmissions and the whole configured bandwidth can be covered for each antenna in 4K=16 SRS transmissions.

Proposal: To adopt the design of 4TX switching SRS hopping transmission in (1) and (2).
4 Conclusions
In this contribution, 4Tx switching SRS transmission was discussed and the performance evaluation in the FTP model was provided.  Based on the discussion and analysis, we have the following observations and proposals:
Observation: In FTP traffic model, the 4TX switching SRS transmission can obtain significant performance gain compared to the legacy 2TX switching SRS transmission in both 8H1V and 8H2V antenna configurations.
Proposal: To adopt the design of 4TX switching SRS hopping transmission in (1) and (2).
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Appendix : Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz

	Antenna configuration
	X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 (3D-UMi) degrees 

	
	4 Rx at UE with 
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	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873, 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	Scheduler
	PF 

	Traffic model
	FTP 1

	Transmit Mode
	TM10 with a single CSI process(TM9)

	
	SU-MIMO

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-0 for TDD case

	
	CQI reporting triggered per 5ms

	
	SRS 2Tx switching : 10 ms periodicity;   SRS 4Tx switching: 20 ms periodicity

	Overhead
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Handover margin
	3 dB

	Wrapping
	Geographical distance based 
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