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1 Introduction
In the RAN#88bis link-level simulation assumptions were agreed for evaluation of 1024QAM. In this contribution we provide link and system level evaluation results for 1024QAM using Tx/Rx EVM values recommended by RAN4.

	1. 2%-4% for typical UEs 

2. 1.5% to 2% for high end UEs

Support of such RX EVM values may result in the increased UE power consumption, chip size and cost. The related enhancements could be potentially applicable to at least very high capability devices listed examples in the WID.
3. 2.0%-2.5% could be assumed in the evaluation for below 3GHz
4. 2.0%-3.0% could be assumed in the evaluation for 3GHz-6GHz

Support of such TX EVM values could result in some power back-off and/or relaxed clipping at the cost of decreased coverage, increased price and size.


2 Link-level evaluation results
Simulation assumptions
Simulation assumptions used for evaluations are summarized in Table 1. For evaluations, channel models with delay spread of 10ns was used. DM-RS based transmission scheme with random precoding for 1 and 2 MIMO layers was considered. Channel estimation errors and Tx/Rx EVM were modelled.
Table 1: Parameters of link level evaluations
	Channel model 
	TDL-A, TBL-B with delay spread of {10, 100}ns

	Doppler 
	5Hz

	Resource allocation
	15 PRBs

	Tx / Rx EVM, %
	{2%,1.5%}, {3%, 2%} 

	Number of Tx/Rx antennas 
	2Tx/2Rx

	Transmission modes 
	TM3, TM9, 2 MIMO layers, Wideband PMI reporting

	Modulation mapping 
	Gray mapping

	Link adaptation scheme 
	Outer loop LA 

	Channel estimation 
	Realistic 

	Antenna correlation (Tx and Rx) 
	Low


Evaluation results
The results of link-level simulations for lower bound of Tx and Rx EVM values of 2% and 1.5% respectively are shown in Figure 1. For evaluation transmission mode 3 and transmission mode 9 in TDL-A, TDL-B channel models with small and large delay spread of 10ns and 100ns were used. It can be seen from the presented results that for all considered scenarios there is no obvious cross-points of 1024QAM over 256QAM as well as throughput performance improvement. Moreover peak throughput of 1024QAM has not been observed for the simulated SNR range.
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Figure 1 Performance of 256QAM and 1024QAM in 2x2 MIMO with Tx/Rx EVM of 2/1.5%
The results of link-level simulations for typical Tx and Rx EVM values of 3% and 2% respectively are shown in Figure 2. For evaluation transmission mode 3 and transmission mode 9 in TDL-A, TDL-B channel models with small and large delay spread of 10ns and 100ns were used. It can be seen from the presented results that for all considered scenarios there is no obvious cross-points of 1024QAM over 256QAM as well as throughput performance improvement. In some scenarios performance loss due to use of 1024QAM is observed, which can be explained by switching to 1024QAM MCSs that could not sustain typical EVM values considered in the simulations. Moreover peak throughput of 1024QAM has not been observed for the simulated SNR range.
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Figure 2 Performance of 256QAM and 1024QAM in 2x2 MIMO with Tx/Rx EVM of 3/2%
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Figure 3 Performance of 256QAM and 1024QAM in 2x4 MIMO with Tx/Rx EVM of 3/2%
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Figure 4 Performance of 256QAM and 1024QAM in 2x4 MIMO with Tx/Rx EVM of 2/1.5%
Based on the above results the following observations can be made:
Observations:

· 1024QAM doesn’t provide obvious cross point and throughput improvement over 256QAM systems with Tx/Rx EVM of {2,1.5}% and {3,2}%.

· For Tx/Rx EVM of {3,2}% the performance loss of 1024QAM is observed due to switching to 1024QAM MCSs that could not sustain typical EVM values considered in the simulations
· Only in scenarios with low delay spread and rank deficient channels 1024QAM may provide some improvement for lowest possible Tx/Rx EVM values recommended by RAN4 and extremely high SINRs without taking into account Tx power back off and CRS interference
· For almost all considered scenarios peak throughput of 1024QAM was not observed
3 System-level evaluation results

According to RAN4 LS lower Tx EVM can be achieved using additional backoff at the eNB size. To evaluate the performance impact due to power back, system level evaluations with 1024QAM were carried out with and without power backoff. The results are present in Table 1. It can be seen that power backoff introduce performance loss to non 1024QAM UEs.
Table 1: Performance of 1024QAM with and without PA backoff for RU ~ 5%

[image: image33.emf]RU, %

1024QAM 124.98 66.36 4

1024QAM, Tx PA backoff 122.45 63.25 4

lambda, 1/s =2.5

Avg, Mpbs 5%-tile, Mpbs


Table 2: Performance of 1024QAM with and without PA backoff for RU ~ 10 %

[image: image34.emf]RU, %

1024QAM 116.99 51.39 9

1024QAM, Tx PA backoff 114.58 50.14 9

lambda, 1/s =2.5

Avg, Mpbs 5%-tile, Mpbs


Table 3: Performance of 1024QAM with and without PA backoff for RU ~ 20%
[image: image35.emf]RU, %

1024QAM 102.04 36.6 19

1024QAM, Tx PA backoff 100.1 35.75 20

lambda, 1/s =2.5

Avg, Mpbs 5%-tile, Mpbs


Observations:

· 1024QAM may provide performance loss on the system level due to additional Tx power back off
· System level study for 1024QAM including comparison with 256QAM should be completed in RAN1 before making conclusion on feasibility of 1024QAM support for LTE
Summary
In this contribution we provide link-level and system-level evaluation results for 1024QAM under practical Tx/Rx EVM values recommended by RAN4. 
From the link-level result the following observations were made:

· 1024QAM doesn’t provide obvious cross point and throughput improvement over 256QAM systems with Tx/Rx EVM of {2,1.5}% and {3,2}%.

· For Tx/Rx EVM of {3,2}% the performance loss of 1024QAM is observed due to switching to 1024QAM MCSs that could not sustain typical EVM values considered in the simulations
· Only in scenarios with low delay spread and rank deficient channels 1024QAM may provide some improvement for lowest possible Tx/Rx EVM values recommended by RAN4 and extremely high SINRs without taking into account Tx power back off and CRS interference

· For almost all considered scenarios peak throughput of 1024QAM was not observed
From the system-level result the following observations were made:

· 1024QAM may provide performance loss on the system level due to additional Tx power back off

· System level study for 1024QAM including comparison with 256QAM should be completed in RAN1 before making conclusion on feasibility of 1024QAM support for LTE
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