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1 Introduction

SRS switch IL has been discussed in several meetings from UE implementation perspective and also from system performance degradation perspective. This paper further show some findings from the single UE link level simulation perspective to see how the performance will be degraded.
In order to facilitate comparison of the changes to the SRS IL spec, the current requirements are listed in Table 1.
Table 1 Current SRS IL requirement
	SRS capability
	3.5G/4.9 RF additional IL

	
	Ant 1
	Ant 2
	Ant 3

	1T2R
	3
	n/a
	n/a

	1T4R
	3
	3
	3

	2T4R
	0
	3
	3

	2T4R -> 1T4R
	3
	3
	3


2 Discussion
2.1 Current status
In [1], the reasons for increasing the SRS IL from UE implementation restriction perspective have been discussed and based on the online and offline discussion it seems no concern has shown on the proposal for increasing the IL from 3dB to 4.5dB in n79 for 1T4R, 2T4R and 1T2R SRS switch capability. 
The main divergence is on the value in 2T4R fallback 1T4R scenario. In [1], it was proposed to increase IL to 6dB in bands lower than n79 and 9dB in band n79. However, after offline discussion, companies were tentatively to only increase IL for one or two of the receive antennas and keep other antennas unchanged. Therefore, the proposals were compromised to be as below table 2.
Table 2 compromised SRS IL

	SRS capability
	3.5G RF additional IL
	　
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3
	
	Ant 1
	Ant 2
	Ant 3

	1T2R
	3
	n/a
	n/a
	
	4.5
	n/a
	n/a

	1T4R
	3
	3
	3
	
	4.5
	4.5
	4.5

	2T4R
	0
	3
	3
	
	0
	4.5
	4.5

	2T4R -> 1T4R
	3
	3
	6
	
	4.5
	4.5
	9


Observation 1: The SRS ILs proposed for 1T2R, 1T4R and 2T4R in 4.9GHz is acceptable. The only concern is about the 2T4R fall back 1T4R scenario.
Proposal 1: Change the IL from 3dB to 4.5dB in n79 for 1T4R, 2T4R and 1T2R SRS switch capability as table 3.
Table 3 SRS IL for 1T4R, 2T4R and 1T2R SRS switch capability in n79
	SRS capability
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3

	1T2R
	4.5
	n/a
	n/a

	1T4R
	4.5
	4.5
	4.5

	2T4R
	0
	4.5
	4.5


2.2 Simulation results for 2T4R fall back 1T4R
In order to understand the throughput degradation impacts for the proposals in table 4, system level and link level simulations were shown in this part.
Table 4 SRS IL for 2T4R fall back 1T4R
	SRS capability
	3.5G RF additional IL
	　
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3
	
	Ant 1
	Ant 2
	Ant 3

	2T4R -> 1T4R
	3
	3
	6
	
	4.5
	4.5
	9


2.1.1 System simulation results
In [2], there were some system level simulations on the throughput performance degradation caused by different SRS ILs. The simulation results were copied in below table 5. The conclusion of this simulation is that for [3, 6, 6] and [3, 9, 9] IL combinations the performance degradation is higher than 5% even up to 8.4% which is not desired. Also if the Ant 2 and 3 are shut down the performance will be even better than the 6dB and 9dB IL.
Table 5 system level simulations on performance degradation by certain IL
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As we commented in Chengdu meeting that the IL combination used in this simulation is much worse than the values proposed by us in table 2 and it is expected that the performance degradation will be less than this simulation. But at that time it is not clear how much better the [3, 3, 6] and [4.5, 4.5, 9] will be than the [3, 6, 6] and [3, 9, 9] used in [2]. Therefore, we have done some link level simulations following the ITU submission simulation conditions, the results are show below.
Observation 2: The SRS IL combinations in previous simulation is different from the proposed IL and it is expected that the performance will be better.
Also, in [2] it was proposed that UE can report to the network that it does not support 2T4R fall back 1T4R capability due to large IL, instead UE report 2T2R SRS capability. It is true that UE can choose the reported SRS capability since it is an optional feature in 3GPP, however, from UE requirement definition perspective it does not solve the 2T4R fall back 1T4R larger IL problem. 2T4R fall back 1T4R capability is in 3GPP spec, and the requirement for this capability should be defined in RAN4. We should not overlook it just because the number is not beautiful. 
Besides, for some NSA operators the 1T4R is required, and for other SA operators the 2T4R is required, so finally for UE supporting both NSA and SA, it is implicitly mandatory to support 2T4R fall back 1T4R.
Observation 3: From UE requirement definition perspective, even UE can report 2T2R SRS capability rather than 2T4R fall back 1T4R, still 2T4R fall back 1T4R IL requirement should be defined in RAN4. And for UEs which support NSA and SA, it is implicitly mandatory to support 2T4R fall back 1T4R in the network.
2.1.2 Link simulation results
In UE implementation usually some methods can be used to reduce the IL impact to the receiver performance, like using external LNA to compensate for the SRS IL, etc. Therefore, in the best scenario, additional SRS IL will not be applied to the DL, and in the worst scenario, additional SRS IL will be applied equally to the UL and DL.
Observation 4: The DL IL caused by SRS is between the range of 0dB and UL SRS IL.
Therefore, two link level simulations were done in this part to study the IL impacts to UE. One is the best scenario, i.e. SRS IL only apply to the UL; the other is the worst scenario, i.e. SRS IL apply to both UL and DL. 
In the simulations we assume the sensitivity and SNR performance is same for all the receivers. The DL precoding is get based on the UL SRS signals.
· Best Scenario: SRS IL only applies to the UL

In this part, the throughput impact caused by SRS IL only applied to the UL is shown in figure 1. From the results, it can be seen that the [3, 3, 6] and [4.5, 4.5, 9] IL will not cause distinct throughput degradation. But the two antenna performance is always worse than the four antennas.
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Figure 1 Throughput degradation when SRS IL only applies to the UL

Observation 5: In the best scenario, [3, 3, 6] and [4.5, 4.5, 9] IL will not cause distinct throughput degradation.
· Worst Scenario: SRS IL applies to the UL and DL
In the worst scenario, SRS IL will be applied to both UL and DL, i.e. the output power and receiver sensitivity will both be affected. The results are shown in figure 2. 
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Figure 2 Throughput degradation when SRS IL applies to the UL and DL

Following observations can be made:

· Disabling two receive antennas has big impact on the throughput.
· The IL increasing will cause some performance degradation in four receive antenna scenario.
· The degradation of [3, 3, 6] and [4.5, 4.5, 9] IL is keeping in below 6% in middle and high SNR ranges which is the typical area for 4x4 MIMO.
· The degradation is 1% - 2% increase in the low SNR area comparing to the middle and high SNR area which is typically used for 4Rx diversity.

Observation 6: In the worst scenario, performance degradation caused by SRS IL [3, 3, 6] and [4.5, 4.5, 9] is below 6% in middle and high SNR ranges and increasing 1% - 2% in low SNR area.
So the overall conclusion from above simulations is that the increase of SRS switch IL from [3, 3, 3] to [3, 3, 6] or [4.5, 4.5, 9] will not cause significant performance degradation. Considering the real UE implementation constrains in 2T4R fallback 1T4R scenario, it is necessary to increase the IL of one of the receive antennas from current 3dB to 6dB in 3.5GHz and 9dB in 4.9GHz.
Proposal 2: Define SRS IL for 2T4R fall back 1T4R as in Table 4, reproduced below.
	SRS capability
	3.5G RF additional IL
	　
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3
	
	Ant 1
	Ant 2
	Ant 3

	2T4R -> 1T4R
	3
	3
	6
	
	4.5
	4.5
	9


2.2 Future optimisation
As we discussed in [1], there are some optimized solutions to implement the 2T4R fallback 1T4R SRS switch capability with less IL as also shown in Figure 3 below. However, right now some UEs cannot support this functionality in Rel-15 and it is too late to introduce the capability, therefore, it is expected that in Rel-16 the 6dB and 9dB IL for one receive antenna could be optimized to 3dB and 4.5dB with the introduction of UE capability.
[image: image4.png]R15 solution

2T4R SRS sent

PAL

PA2

Fall back

ko
Ant 1 PAL
Ant 4
Ant 2
Ant 3

1T4R SRS sent

R16 solution

MR SRS sent

Fallback |

—

1T4R SRS sent (TOD manner)

o I
>

\Jm 4

™ Ant2

>

Ant3

Time 1

a1 jm
4

Antd
m Ant2

A3

Time2

| 3dBfor3.5GHz |
| 4.5dB for 4.9GHz |





Figure 3 R16 optimization of SRS IL in 2T4R Fallback 1T4R

Observation 7: SRS IL for 2T4R fall back 1T4R can be optimized from 6dB and 9dB for one receive antenna to 3dB and 4.5dB in Rel-16.
Proposal 3: It is proposed to consider optimizing the SRS IL for 2T4R fall back 1T4R in Rel-16.
3 Conclusion
Observation 1: The SRS ILs proposed for 1T2R, 1T4R and 2T4R in 4.9GHz is acceptable. The only concern is about the 2T4R fall back 1T4R scenario.

Observation 2: The SRS IL combinations in previous simulation is different from the proposed IL and it is expected that the performance will be better.
Observation 3: From UE requirement definition perspective, even UE can report 2T2R SRS capability rather than 2T4R fall back 1T4R, still 2T4R fall back 1T4R IL requirement should be defined in RAN4. And for UEs which support NSA and SA, it is implicitly mandatory to support 2T4R fall back 1T4R in the network.

Observation 4: The DL IL caused by SRS is between the range of 0dB and UL SRS IL.
Observation 5: In the best scenario, [3, 3, 6] and [4.5, 4.5, 9] IL will not cause distinct throughput degradation.
Observation 6: In the worst scenario, performance degradation caused by SRS IL [3, 3, 6] and [4.5, 4.5, 9] is below 6% in middle and high SNR ranges and increasing 1% - 2% in low SNR area.
Observation 7: SRS IL for 2T4R fall back 1T4R can be optimized from 6dB and 9dB for one receive antenna to 3dB and 4.5dB in Rel-16.

Proposal 1: Change the IL from 3dB to 4.5dB in n79 for 1T4R, 2T4R and 1T2R SRS switch capability as table 3.

Table 3 SRS IL for 1T4R, 2T4R and 1T2R SRS switch capability in n79
	SRS capability
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3

	1T2R
	4.5
	n/a
	n/a

	1T4R
	4.5
	4.5
	4.5

	2T4R
	0
	4.5
	4.5


Proposal 2: Define SRS IL for 2T4R fall back 1T4R as in Table 4, reproduced below.
	SRS capability
	3.5G RF additional IL
	　
	4.9G RF additional IL

	
	Ant 1
	Ant 2
	Ant 3
	
	Ant 1
	Ant 2
	Ant 3

	2T4R -> 1T4R
	3
	3
	6
	
	4.5
	4.5
	9


Proposal 3: It is proposed to consider optimizing the SRS IL for 2T4R fall back 1T4R in Rel-16.
The corresponding CR is R4-1814953.
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