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1	Introduction
A new work item “Small cell enhancement” was introduced in Rel-12. 256QAM and small cell on/off were the key features for this WI. From RAN4 point of view, 256QAM is mostly related to UE demodulation performance and CSI performance part. Meanwhile the latter one is related to RRM part.
In RAN4#70bis meeting, work plan on SCE for RAN4 work was agreed in [1] and in last meeting RAN4 have some initial discussion for performance requirements in [2] and [3].
In this contribution, we give some initial considerations and analysis for SCE demodulation test.
2 Analysis 
2.1 Overview
Based on RAN1 agreement for this work item, potential demodulation test and CSI test were summarized below:
· New demodulation performance tests are needed to verify UE supporting higher modulation (256QAM) and the updated MCS/TBS tables
· New CSI test are needed to  verify UE supporting 256QAM in CSI reporting with new CQI tables
· Potential functionality demodulation test may be needed to verify UE supporting small cell on/off on sub-frames level based “New L1 procedure “. Depending on RAN1 agreements, UE may need to blindly detect implicit DCI message, RS, or decode explicit DCI message to justify small on/off state and detect corresponding scheduled PDSCH
In this contribution, we analyze how to introduce performance test to verify the new modulation scheme (256QAM). The main agreements regarding 256QAM were summarized below:
· General configuration
· 256QAM is supported for all TMs and upper to 8 layer 
· For all other DCI formats supported except DCI 1A , 1C 
· Only for C-RNTI based PDSCH transmissions 
· For TM10, CQI table are common for all CSI processes and/or Rel-11 subframe measurement sets and MCS table is common for all PQI sets 
· For TM1-9, 256QAM CQI table can be configured per each Rel-11 subframe measurement set
· UE Category/Capability 
· Introduce signalling to indicate UE support for 256QAM 
· Whether or not the UE indicates support for 256QAM in a band specific or band agnostic manner  should be decided by RAN4 
· One new UE category with 256QAM is introduced 
· FFS: Support existing UE categories or new UE category 
2.2 Test case design
Test cases
Since 256QAM support all the transmission mode, new test cases should cover both DMRS based transmission modes and CRS based transmission modes. Furthermore, considering the motivation of introducing this new modulation order is to achieve higher peak throughput than original MCS levels, rank 2 is preferred for transmission modes except TM1 singe transmit antenna case. Furthermore, in order to limit RAN4 work and test effort, we should extend current test cases and reuse the existing test parameters as much as possible.
Based on such considerations, potential test cases from our side were list below
· TM1 with 10MHz as 8.2.1.1.1 in specs 
· TM4 Rank 2 as 8.2.1.4.2 in specs
· TM9 Rank 2 as 8.3.1.2 in specs

Channel model
Considering 256QAM most likely deployed in in-door scenarios which have low delay spread channel condition and low UE mobility, EPA 5Hz can be taken for initial evaluation.
Tx EVM
According RF discussion, 3%~4% will be defined for transmitter EVM depending on the final agreement in RF session. 4% Tx EVM can be used for initial evaluation.
FRC & MCS
Table 1 below summarized MCS indexes and corresponding coding rate for 256QAM based on RAN1 agreements. Based on Table 1, coding rate of MCS levels with 256QAM is varied between 0.69~0.93.
256QAM with 3/4 coding rate can be considered for initial evaluation to evaluate the feasible SNR points. We should take care of Rx impairment when choosing proper MCS levels since the required SNR will be extremely high than 25dB, and feasible SNR points in alignment simulation may be unachievable if receiver impairment i.e. Rx EVM is taken into account.
Table 1: MCS/TBS index and Spectral efficiency for 256QAM
	MCS index 
IMCS 
	Modulation order 
Qm 
	TBS Index 
ITBS 
	SE 
	Coding Rate 

	21 
	8 
	27 
	5.5547 
	0.694375 

	22 
	8 
	28 
	5.8906 
	0.736325 

	23 
	8 
	29 
	6.2266 
	0.778325 

	24 
	8 
	30 
	6.5703 
	0.8212875 

	25 
	8 
	31 
	6.9141 
	0.8642625 

	26 
	8 
	32 
	7.1602 
	0.895025 

	27 
	8 
	33 
	7.4063 
	0.9257875 



2.3 Simulation results
Simulation Assumption
Based on above analysis, initial simulation results were given for TM1, TM4 and TM9. Detailed simulation parameters were same as current test cases in specs except specific parameters mentioned below:
· Fading channel: EPA5Hz
· Tx EVM: 4%
· TM mode: TM1, TM4 with Rank2, TM9 with Rank2
· MCS: 256QAM 3/4
· HARQ retransmission: 4
· Rx EVM: 0%
· Channel BW:10MHz with full RB allocation

Furthermore, TBS size and corresponding code rate for each case were given in table 2 below.
Table 2 TB Size and coding rate
	TM mode
	TM1
	TM4
	TM9

	MCS
	26

	24

	23


	TB Size
	42368

	39232

	36696


	SE
	6.14029

	5.944242

	6.116


	Coding rate
	0.767536

	0.74303

	0.7645




Simulation results
Figure 1~figure 3 show the absolute throughput vs. SNR for transmission mode 1, 4 and 9 separately.
TM1-SIMO case 1*2
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Figure 1: Absolute throughput vs. SNR for TM1
TM4-Rank2 2*2
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Figure 2: Absolute throughput vs. SNR for TM4
TM9 - Rank2 2*2 
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Figure 3: Absolute throughput vs. SNR for TM9
Observations
Table 3 below summarized required SNR point at 70% relative throughput for different MCS levels and transmission modes based on alignment simulation results.
Based on simulation results, we can observe that:
· For TM1: the coding rate 3/4 is feasible since reference SNR point for 70% relative TP are 19.7dB.
· For TM4: with rank2 transmission, the required SNR points under alignment simulation were over 28dB. Considering possible 2%~ 4% receiver EVM, such SNR points maybe unachievable considering impairment margin. Then we need to consider other MCS levels with lower coding rate i.e. MCS index 21.
· For TM9: with rank2 transmission, for random beamforming model, 70% relative throughput was unachievable even without Rx EVM. With following PMI, the required SNR points under alignment simulation were over 30dB. We may need to take rank1 transmission for TM9 to achieve reasonable SNR points.  
Table 2 Required SNR [dB] for 70% relative TP
	TM mode
	TM1
	TM4
	TM9

	MCS
	26
	24
	23

	Coding rate
	0.767536
	0.74303
	0.7645

	SNR[dB] for 70% Relative TP
	19.7

	28.2

	Random BF: >40
Follow PMI: 30




3 Conclusion
In this contribution, we give some initial considerations and analysis for SCE demodulation test. 
Proposal 1: New demodulation performance tests needed to be introduced to verify UE supporting higher modulation (256QAM) and updated MCS/TBS tables.
Proposal 2: Wait for RAN1 decision to decide whether functionality demodulation test is needed to verify UE supporting small cell on/off on sub-frames level based “New L1 procedure “.
Proposal 3: Some detailed test set-up for RAN4 initial evaluation were proposed
· Fading channel: EPA5Hz
· Tx EVM: 4%
· Coding rate: 3/4
Furthermore, initial simulation results were given based proposed test cases. Such observations were given:
Observations for evaluation cases:
· For TM1: the coding rate 3/4 is feasible 
· For TM4: with rank2 transmission, required SNR points with MCS24 were over 28dB. We may need to consider other MCS levels with lower coding rate i.e. MCS index 21.
· For TM9: with rank2 transmission, required SNR points under alignment simulation were over 30dB. We may need to take rank1 transmission for TM9 to achieve reasonable SNR points.  
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