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Discussions and Decision
1 Introduction

In [1], the received LS from RAN1 requested the following guidance from RAN4:

· Practically achievable EVM values to assume for DL higher order modulation (for each of the small cell eNB Tx powers in TR 36.814 i.e. 20dBm, 24dBm, 30dBm, 37dBm) 
· The UE receiver impairments (with suitable quantitative values if possible) that should be assumed to be applicable to signal reception in high geometries that are likely to be relevant for DL higher order modulation, and appropriate techniques or methodologies for modelling such impairments
· Any other information that would help RAN1 in its evaluation of higher order modulation for DL operation in small cells 
In this contribution, we provide some preliminary results on the relationship of EVM of the DL modulation and its throughput. The intention is to propose a baseline understanding in which further evaluation can be conducted by RAN1. Specifically, we provide in this contribution our views on the RAN4 reply to the first and third item of the above mentioned LS. 

2 Discussion

As informed in the LS, higher order modulations are sensitive to the EVM at the BS, which is a function of its clipping and digital pre-distortion algorithms. Higher order modulations are also more sensitive to multipath effects and inter cell interference. The latter affects the received SNIR at the UE.   

In this section, the evaluation methodology that RAN4 has used since Rel-8 EVM discussions and analysis is described. Firstly, the current EVM values for LTS are shown in Table 1 below:

	Modulation scheme for PDSCH
	Required EVM [%]

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %


Table 1: EVM values in LTE
The above is obtained through extensive system simulations where different EVM values are studied against 5% throughput loss criteria. For example, it was shown in [2] with extensive simulation results and concluded that 7% average EVM will limit the throughput loss for 64QAM modulated RBs to ~ 5%. Hence, an 8% value was adopted. EVM performance should not be decided in isolation as it also results in increasing PAPR.

Given that Small Cells SI has significant differences from Rel-8 deployment scenarios of macro cells, the conditions in which new modulation such as 256QAM would also be different. Therefore, as requested by the RAN1 LS, evaluation of the feasibility of 256 QAM should be performed under scenarios that are expected for Small cells deployment. 

Proposal 1:  
Both sparse and dense small cells deployment shall be considered. Sparse deployment represents isolated hot spot scenario and dense deployment represents the crowded small cells scenario with severe inter cell interference.
2.1 Preliminary System Simulations    
In this section, some results are presented on the expected throughput and BLER performance. 
In small cell, higher received SNR can be expected but it is also dependent on the specific deployment scenarios such as dense or sparse deployments. To evaluate the performance of 256 QAM with different code rate, we have assumed some preliminary new entries in the legacy CQI table. One example of the modified CQI table with 256QAM is shown in Table 1. 
	CQI index
	modulation
	code rate x 1024
	efficiency

	1(4)*
	QPSK
	308
	0.6016

	2(5)
	QPSK
	449
	0.8770

	3(6)
	QPSK
	602
	1.1758

	4(7)
	16QAM
	378
	1.4766

	5(8)
	16QAM
	490
	1.9141

	6(9)
	16QAM
	616
	2.4063

	7(10)
	64QAM
	466
	2.7305

	8(11)
	64QAM
	567
	3.3223

	9(12)
	64QAM
	666
	3.9023

	10(13)
	64QAM
	772
	4.5234

	11(14)
	64QAM
	873
	5.1152

	12(15)
	64QAM
	948
	5.5547

	13(new)
	256QAM
	803
	6.2734

	14(new)
	256QAM
	889
	6.9453

	15(new)
	256QAM
	952
	7.4375


Table 1: CQI table with 256QAM
The BLER and throughput performance of 256 QAM with different code rate are simulated in link level simulations. The results are shown below in Figure 1 and 2 where the BLER and (link) Throughput performance as a function of the SNR is shown, respectively. 

In the absence of agreed simulations parameters and small cells scenarios in RAN4, an analytical approach is used here to investigate the relationship between SNR and EVM. From [2], the SNR for an assumed EVM value can be approximated by: 
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Referring back to Figure 1, we can find out that to support CQI 13, 14, 15 with 256QAM, require SNR values of 22dB, 24dB and 28dB are needed. Correspondingly, with equation (1), we can calculate the corresponding EVM of CQI 13, 14, 15 with 256QAM modulation as: 
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Hence, from (2), (3) and (4), we can get following preliminary guidance (for further discussions and evaluation) for the upper bound on the CQI value that could be achieved for a given level of EVM for 256 QAM in the absence of other sources of noise and interference at the receiver:
	CQI index
	modulation
	(code rate) code rate x 1024
	EVM

	13(new)
	256QAM
	(0.784) 803
	8%

	14(new)
	256QAM
	(0.868) 889
	6.3%

	15(new)
	256QAM
	(0.93) 952
	4%


Table 2: Upper Bound CQI table of 256QAM with corresponding EVM
The following are noted and proposed as a way forward in these evaluations. 

Proposal 2:
System throughput studies as a function of the assumed EVM are performed (in RAN1 or RAN4) based on the 5% throughput loss target as adopted during Release 8. The baseline EVM value in computing the 5% throughput loss target shall be discussed further. 
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Fig. 1: Reference BLER plots for the 15 MCSs defined in table 1.
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Fig. 2: Reference throughput plots for the 15 MCSs defined in table 1.

3 Conclusions
In this contribution, we emphasized the need for proper considerations on the system performance impact in providing the guidance on both the EVM and evaluation settings for proper evaluation of 256QAM by RAN1. Based on the discussions above, we identified two proposals to be considered for possible input in our RAN4 reply LS. A draft LS has been provided in [3].

Proposal 1: Both sparse and dense small cells deployment shall be considered. Sparse deployment represents isolated hot spot scenario and dense deployment represents the crowded small cells scenario with severe inter cell interference.
Proposal 2: System throughput studies as a function of the assumed EVM are performed (in RAN1 or RAN4) based on the 5% throughput loss target as adopted during Release 8. The baseline EVM value in computing the 5% throughput loss target shall be discussed further. 
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