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1 Introduction

SRS signal is used for BS to do UL channel estimation. Usually this SRS signal is transmitted on Tx antenna which leads to BS cannot estimate the pure Rx antenna channel statusnnot estimate e the Rx antenna c on Tx antenna. ed in the market.ry and how to solve the concerns from 



















 and MIMO performance in these antennas will be degraded. SRS switch function is designed to solve this issue by switching SRS transmission among Tx and Rx antennas. However, additional ILs will be introduced.
	In the current spec, 3dB IL was introduced in UE configured transmitted power as below table by [1] which considers the large switch losses and large distance from PA to Rx antennas. However, this IL is too optimistic when consider real UE implementations in some scenarios.

∆TRxSRS is 3 dB and is applied when UE transmits SRS to the antenna port that is designated as Rx port. For other SRS transmissions ∆TRxSRS is zero


This paper will re-discuss the additional ILs caused by SRS switch function and give suggested ILs in some conditions.
2 Discussion
SRS switch is an UE capability, in 38.331 there are 5 capabilities as below. UE can report its capability to BS. For 3.5GHz and 4.9GHz 4Rx is a mandatory feature, therefore 1T2R and TR-equal will be no exist. We will analyze the additional ILs for 1T4R, 2T4R and 2T4R fall back to 1T4R.
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Before calculating the real additional IL that SRS switch function caused, we use below typical UE structure as pre-conditions.
1 UE supporting 3.5GHz (n77/n78) and 4.9GHz (n79) with separate antennas;

2 For 4 Rx antennas, two are located on the top, the other two on the bottom;
3 PA module is located near TRx antenna (main antenna);
4 PCB trace is used on main board for Tx signals to antenna on the main board;
5 RF cable is used from main board to antennas on the sub-board;
The additional ILs from PA to pure Rx antennas than from PA to main TRx antennas caused by SRS switching can be calculated by adding ILs from switches, PCB traces and RF cables.
2.1 1T4R
Figure 1 is the structure of UE supporting 1T4R with Ant 1 as the TRx antenna and the other 3 as the pure Rx antennas. Ant 2 locate near Ant 1 and they are connected by PCB trace, Ant 3 and 4 are located in the bottom of UE and they are connected to Ant 1 by RF cables. Antenna switch matrix is used before Ant 1 to switch Tx SRS signals to other three Rx antennas. Also switches are used before the Rx antennas.
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Figure 1 1T4R UE structure
Among the three pure Rx antennas, the IL from Ant 1 to Ant 3 is the largest. Below is the calculation of the IL for this path under 3.5GHz and 4.9GHz.
	Ant 1 -> Ant 3
	IL (dB) @ 3.5GHz
	IL (dB) @ 4.9GHz

	Switch matrix
	0.6
	1

	RF Cable
	1.2
	1.6

	SP3T switch
	0.4
	0.8

	DP3T switch
	0.6
	1

	Total Loss
	2.8
	4.4


As can be seen above, the IL at 3.5GHz is within 3dB but IL at 4.9GHz is 4.4dB which cannot be covered by ∆TRxSRS.
Observation 1: For UE supporting 1T4R, the additional IL caused by SRS switch is within 3dB at 3.5GHz but for 4.9GHz the IL is 4.4dB.
2.2 2T4R
Figure 2 is the UE structure for 2T4R. PA for Ant 1 can be switched to Ant 4 and PA for Ant 2 can be switched to Ant 3to transmit SRS signal.
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Figure 2 2T4R UE structure
The additional IL is same for Ant 1->Ant 4 and Ant 2->Ant3 and much similar to UE supporting 1T4R.
	Ant 1 -> Ant 3
	IL (dB) @ 3.5GHz
	IL (dB) @ 4.9GHz

	Switch matrix
	0.6
	1

	RF Cable
	1
	1.4

	SP3T switch
	0.4
	0.8

	DP3T switch
	0.6
	1

	Total Loss
	2.6
	4.2


Observation 2: For UE supporting 2T4R, the additional IL caused by SRS switch is within 3dB at 3.5GHz but for 4.9GHz the IL is 4.2dB.
2.3 2T4R fall back to 1T4R
Usually, the reason for UE fall back from 2T4R to 1T4R is to save power consumptions with only one PA active. 
The typical implementation is illustrated in figure 3. When UE fall back from 2T4R to 1T4R, TRx2 PA is turned off and TRx 1 PA can transmit to all the other three antennas. And PCB trace from TRx1 to TRx2 is used to save RF cable space. 
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Figure 3 2T4R fall back to 1T4R hardware solution UE structure
The maximum additional IL is from Ant 1 to Ant 3.
	Ant 1 -> Ant 3
	IL (dB) @ 3.5GHz
	IL (dB) @ 4.9GHz

	TRx1 Switch matrix
	0.6
	1

	PCB Trace
	2.6
	3.6

	TRx2 Switch matrix
	0.6
	1

	RF Cable
	1.2
	1.6

	SP3T switch
	0.4
	0.8

	DP3T switch
	0.6
	1

	Total Loss
	6
	9


Observation 3: For UE supporting 2T4R fall back to 1T4R, the additional IL caused by SRS switch is 6dB at 3.5GHz and 9dB for 4.9GHz.
2.3 Summary
As discussed in the above sections, below table summarizes the additional ILs that SRS switch caused in 3.5GHz and 4.9GHz. If we consider software solution as the solution to 2T4R fall back to 1T4R, then the 3dB IL defined in the spec is ok for 3.5GHz, but for 4.9GHz the additional IL is proposed to be 4.5dB for all the three UE capabilities.
	UE capability
	IL@3.5GHz
	IL@4.9GHz

	1T4R only
	2.8
	4.4

	2T4R only
	2.6
	4.2

	2T4R fall back 1T4R
	6
	9


Proposal 1: Define the additional IL caused by SRS switch at 4.9GHz (n79) as 4.5dB for UE supporting 1T4R or 2T4R. Define the additional IL caused by SRS switch at 3.5GHz and below as 6dB and at 4.9GHz as 9dB for UE supporting 2T4R fall back to 1T4R.
3 Conclusion

Observation 1: For UE supporting 1T4R, the additional IL caused by SRS switch is within 3dB at 3.5GHz but for 4.9GHz the IL is 4.4dB.
Observation 2: For UE supporting 2T4R, the additional IL caused by SRS switch is within 3dB at 3.5GHz but for 4.9GHz the IL is 4.2dB.
Observation 3: For UE supporting 2T4R fall back to 1T4R, the additional IL caused by SRS switch is 6dB at 3.5GHz and 9dB for 4.9GHz.
Proposal 1: Define the additional IL caused by SRS switch at 4.9GHz (n79) as 4.5dB for UE supporting 1T4R or 2T4R. Define the additional IL caused by SRS switch at 3.5GHz and below as 6dB and at 4.9GHz as 9dB for UE supporting 2T4R fall back to 1T4R.
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