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1. Introduction 

EVM requirements for LCR TDD UL 16QAM is still missing in TS 25.102. This contribution gives analysis for this requirement. 

2. Discussion 
Document [1] gives the background information for WCDMA EVM requirement for UL 16QAM. The WCDMA UE minimum transmission power for EVM testing is lowered from current -20dBm to -30dBm based on link budget calculation. It is necessary to evaluate the observable UE minimum power for LCR TDD EVM testing. This section firstly analysis the possible UE minimum power at 1%-ile level. Then the UE EVM requirement for 16QAM is derived through the simplified system simulation method in [1].

2.1. Observable Minimum UE Transmit Power

1%-ile is considered when calculating the Minimum UE transmission power. Assuming that the cell radius is 1km and the UE’s are equally distributed, then 1% of the UE’s are within a 100m radius from the NB. Similar to WCDMA, two parameter sets (Case 1 and Case 2) are defined, as shown in Table below.  Case 1 is conservative, while Case 2 is worst case, i.e. leading to smallest minimum power.  

Table 2‑1  Parameter Assumptions for Estimating the Minimum UE Tx Power 

	Parameter
	Value (Case 1)
	Value (Case 2)
	Note

	(a) Thermal Noise
	-174dBm
	-174dBm
	

	(b) NB Noise Figure
	7dB
	7dB
	

	(c) Noise Power
	-106dBm
	-106dBm
	(a)+(b)+61dB

	(d) IoT
	7dB
	7dB
	

	(e) Ior/Ioc
	7dB
	7dB
	Minimum value that UE can transmit 16QAM under AWGN.

	(f) Ior
	-92dBm
	-92dBm
	(c)+(d)+(e)

	(h) Path Loss @100m
	112dB
	78dB
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	(i) NB Antenna Gain
	5dB
	5dB
	

	UE Tx Power
	15dBm
	-19dBm
	(g)+(h)-(i)


From the calculation results in Table 2-1, it is seen that UE minimum power will not be lower than -19dBm when considering 1%-ile level. So it is proposed not to lower the UE minimum power from the current -20dbm when testing EVM requirement for LCR TDD. Thus, no EVM relaxation is needed for carrier leakage. 
2.2. EVM requirement
The UE Tx EVM impact on system throughput is also evaluated based on the method in [1].  Some modifications were made to the formula in step 3. The simulation methodology is the same as that of [1]: 

1. With link level simulations, long term BLER statistics was obtained for each chosen MCS case; the used MCS formats are listed in the Annex.
2. With system simulations, we collected per packet SNR distribution

3. The observed SNR is modified as 
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 was simulation input that range from 0% to 17.5%.     

4. The average throughput was calculated for the 16QAM modulation format MCS’s 

The SNR distribution obtained in the system simulations is shown in Figure 1 below.  
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Figure 1  NB Received SNR Distribution

The resulting relative throughput loss curve is shown in Figure 2 below. 
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Figure 2  Troughput Loss Relative to 
[image: image8.wmf]%

0

=

Tx

EVM


The throughput loss results are also summarized in Table 2-2 below.  

	Tx EVM (%)
	Rx EVM (%)
	Throughput Loss relative to Tx EVM =0% (%)

	0
	7
	0

	8
	
	2%

	10
	
	3%

	11
	
	3.7%

	12
	
	4.3%

	13
	
	5%

	15
	
	6.5%

	17.5
	
	8.2%


Table 2‑2   Throughput Loss as a Function of Tx EVM
It is seen that the simulation results are quite similar with that for WCMDA. A Tx EVM of 13% is required to limit the throughout loss to 5% based on the simulations for 2 Rx antennas. 
It is propose to define the UE EVM requirement as 14% for UL 16QAM for 1.28Mcps TDD.
3. Conclusion

Simulations were carried out to evaluate the impact of Tx EVM on the UL 16QAM throughput for LCR TDD. From the evaluation, we recommend a Tx EVM of 14% which corresponds to a throughput loss of 5.5%.  

As for the UE minimum transmission power for EVM testing, it is seen from the link budget calculation that the UE will seldom lower its power below -20dBm. So, it is proposed not change the current UE minimum power of -20dBm. 
A CR proposal [2] is presented based on the analysis in this document.
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4. Annex

4.1.  System Simulation assumptions

The simulation assumptions are shown in Table 4-1 below. 
	Parameter
	Value
	Comments

	Carrier Frequency
	2000MHz
	

	Frequency Re-use
	N=1
	

	Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site (57 sectors)
	

	Pathloss model
	Cost 231-Hata, Dense Urban 
	

	Inter site distance

	500
	

	Log normal Shadowing
	8dB
	

	Node-B antenna gain
	14dBi
	

	Node B receiver noise figure
	7dB
	

	Node-B Rx diversity 
	2 Rx, uncorrelated
	

	UE power 
	21dBm
	

	UE antenna gain
	0dBi
	

	Users per cell
	16 
	

	Number of uplink timeslots
	4 slots per subframe
	

	Traffic model
	Full Buffer
	

	Scheduler
	RR 
	

	Channel type
	AWGN
	

	Power control
	On
	

	Shadowing correction 
	1.0    for co-located sites

0.5    for non co-located sites
	


Table 4‑1  System simulation assumptions

4.2.  MCS Formats

The MCS formats used in the simulations are shown in Table 4-2 below. 

	Index
	Information Bits 1*SF1
	Single transmission rate (kbps)
	Modulation Format

	0
	1400
	280
	16QAM

	1
	1964
	393
	16QAM

	2
	2527
	505
	16QAM

	3
	2668
	534
	16QAM

	4
	2808
	562
	16QAM


Table 4‑2   MCS 
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