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1 Introduction
In last meeting, SRS estimation error modelling was discussed and agreed in [1]. In this contribution, the performance are compared between ideal SRS and SRS estimation error modelling with phase 1 evaluation assumptions of TDD cases. The following four simulation cases for homogeneous network have been evaluated.  
· Case 1: 3D UMa with 200 m ISD at carrier frequency 2GHz
· Case 2: 3D UMa with 500 m ISD at carrier frequency 2GHz
· Case 3: 3D UMi at carrier frequency 2GHz
· Case 4: 3D UMi at carrier frequency 3.5GHz
2 3D UMa/UMi performance evaluation in TDD systems
The following evaluation follows the agreed working assumptions for phase 1 simulation. 

· Antenna configuration

· 8 horizontal antenna ports at BS, cross-polarization, antenna spacing  0.5λ 
· 8 co-polarized vertical antenna elements in one column, antenna spacing 0.8λ
· 2 receive antennas at UE, cross-polarization

· Transmission scheme 

· TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation
· CRS port 0 is used for RSRP computation for UE attachment
· Down tilt angle assumption: 100 degrees for case 2/3/4, 104 degrees for case 1.
· Evaluation metrics 

· 5%, 50%, average UPT under low ~20% RU, medium ~50% RU, high ~70% RU 
The detailed simulation assumptions are shown in Appendix. 

The simulation for TDD system is based on the reciprocity and the sub-frame configuration is assumed as #1: 3D:2U. All the evaluation results are based on the 19x3 network deployment. With the target resource utilization, we provide corresponding user arrival rate (
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) and the statistical resource utilization. In the following evaluation, The TDD sub-frame configuration is assumed as configuration 1. The performance losses due to non ideal SRS channel estimation are given.  The SRS estimation error modeling follows the agreed modeling in [1].  For the non ideal SRS modeling in [1], the estimated channel is expressed as 
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 is the channel response in frequency domain；E is the white complex Gaussian variables with zero mean and variance 
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is the scaling factor to maintain proper normalization .  The variance 
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,  where 
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 is set to 9 dB.  In the evaluation, 
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 is calculated as follows:
· For SRS transmit power, SRS power control is used. In the SRS power control parameters [3] ,  
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 and PUSCH power control adjustment state 
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 is set to zero. PUSCH target power 
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 is set to -57dBm and path loss compensation factor is set to 
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· For 
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 calculation, there is no intra-cell SRS interference.  For inter-cell SRS interference, UEs are randomly grouped to 4 groups, UEs in the same group (in different cells) would interfere with each other’s SRS [1]. In addition, large scale path loss is used to calculate SRS signal and interference power.  

In Table 5~Table 8, the performance comparison between ideal and non-ideal SRS is given for the four cases.  The simulation results of case 1 (3D-UMa case with ISD 200m) are shown in Table 5.
Table 5   Performance evaluation of case 1(3D UMa with 200 m ISD) 
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU



	Low: 20%

(ideal SRS)
	1.63(100%)
	4.26(100%)
	4.00(100%)
	1.6
	18%

	Low: 20%

(non ideal SRS)
	1.58(96.93%)
	4.1(96.24%)
	3.9(97.50%)
	1.6
	19%

	Medium: 50%

(ideal SRS)
	0.58(100%)
	2.01(100%)
	2.29(100%)
	3.2
	53%

	Medium: 50%

(non ideal SRS)
	0.56(96.55%)
	1.98(98.51%)
	2.18(95.20%)
	3.2
	54%

	High: 70%

(ideal SRS)
	0.39(100%)
	1.44(100%)
	1.75(100%)
	4
	72%

	High: 70%

(non ideal SRS)
	0.37(94.87%)
	1.4(97.22%)
	1.7(97.14%)
	4
	73%


The simulation results of case 2 (3D-UMa case with ISD 500m) are shown in Table 6.
Table 6 Performance evaluation of case 2(3D UMa with 500 m ISD)
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU



	Low: 20%

(ideal SRS)
	0.97(100%)
	3.23(100%)
	3.30(100%)
	1.5
	21%

	Low: 20%

(non ideal SRS)
	0.9(92.8%)
	2.99(92.6%)
	3.16(95.8%)
	1.5
	22.9%

	Medium: 50%

(ideal SRS)
	0.63(100%)
	2.05(100%)
	2.37(100%)
	3.2
	52%

	Medium: 50%

(non ideal SRS)
	0.56(88.9%)
	1.96(95.6%)
	2.26(95.4%)
	3.2
	55%

	High: 70%

(ideal SRS)
	0.39(100%)
	1.59(100%)
	1.91(100%)
	4.6
	71%

	High: 70%

(non ideal SRS)
	0.35(89.7%)
	1.44(90.57%)
	1.81(94.8%)
	4.6
	75%


The simulation results of case 3(3D UMi with 2GHz) are shown in Table 7.
Table 7 Performance evaluation of case 3(3D UMi with 2GHz)
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU



	Low: 20%

(ideal SRS)
	1.12(100%)
	3.39(100%)
	3.46(100%)
	1.5
	20%

	Low: 20%

(non ideal SRS)
	1.06(94.64%)
	3.2(94.40%)
	3.31(95.66%)
	1.5
	20.7%

	Medium: 50%

(ideal SRS)
	0.61(100%)
	2.17(100%)
	2.49(100%)
	3
	48%

	Medium: 50%

(non ideal SRS)
	0.59(96.72%)
	2.09(96.31%)
	2.46(98.80%)
	3
	48.8%

	High: 70%

(ideal SRS)
	0.41(100%)

	1.58(100%)
	1.93(100%)
	4.2
	68%

	High: 70%

(non ideal SRS)
	0.35(85.4%)
	1.49(94.30%)
	1.83(94.8%)
	4.2
	73.2%


The simulation results of case 3(3D UMi with 3.5GHz) are shown in Table 8.
Table 8   Performance evaluation of case 4(3D UMi with 3.5GHz)
	Load level 
	5% UPT (bps/Hz)
	50% UPT (bps/Hz)
	Mean UPT (bps/Hz)
	User arrival rate (λ)
	Statistical  RU



	Low: 20%

(ideal SRS)
	1.0(100%)
	3.31(100%)
	3.35(100%)
	1.3
	18%

	Low: 20%

(non ideal SRS)
	0.94(94 %)
	2.8(84.6%)
	3.05(91%)
	1.3
	20.7%

	Medium: 50%

(ideal SRS)
	0.58
	2.05
	2.33
	3
	50%

	Medium: 50%

(non ideal SRS)
	0.56(96.6%)
	1.97(96.1%)
	2.27(97.4%)
	3
	51.9%

	High: 70%

(ideal SRS)
	0.41
	1.53
	1.90
	3.8
	69%

	High: 70%

(non ideal SRS)
	0.4(97.6%)
	1.5(98%)
	1.88(99%)
	3.8
	69.6%

	
	
	


From Table 5~Table 8, it can be seen that performance loss of SRS estimation error modelling is about or less than 10%. Comparing to cell center UE, the SINR of SRS is lower for cell edge UE due to the higher SRS interference. This decreases the channel measurement accuracy. So it is shown that cell edge UE suffers more performance loss with the non-ideal SRS modelling.
In summary, we have the following observations:

Observation 1:  Compared to the system performance with ideal SRS modelling, the performance loss with the non-ideal SRS estimation error modelling is about or less than 10%.
Observation 2: In general, cell edge UE suffers more performance loss with the non-ideal SRS modelling.
3 Conclusions

In this contribution, we provide the performance comparison between ideal SRS and non-ideal SRS modelling in Homogeneous network based on the agreed evaluation assumptions. From simulation results, we have observations as follows:

Observation 1:  Compared to the system performance with ideal SRS modelling, the performance loss with the non-ideal SRS estimation error modelling is about or less than 10%.
Observation 2: In general, cell edge UE suffers more performance loss with the non-ideal SRS modelling.
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Appendix A: 
Details of Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2/3.5GHz

	Antenna configuration
	8 horizontal antenna ports, 1 vertical antenna port with 8 antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100/104 degrees 

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	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-UMa, 3D-UMi

	System Bandwidth
	10MHz (50RBs)

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2

	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

	
	feedback delay is 5 ms

	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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