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Introduction
In the last RAN4 #87 meeting, RAN4 agreed the way-forward [1] regarding the demodulation and CSI requirement for eFeMTC UE.

In this paper, we discuss the remaining open issues in the eFeMTC demodulation and CSI requirement.
Discussion
DL 64QAM
In the last meeting, it was agreed to introduce the demodulation test for the downlink 64QAM based on CE Mode A with 3PRB allocation, TBS=968 and under EPA5 2x1 low correlation. However, the transmission mode was left open between TM2 and TM6. According to the latest TS36.331, UE support for TM6 is no longer mandated for eMTC UE. Therefore, our view is that the test should be defined based on TM2 to avoid potential applicability issues. 
CE-Parameters-v1380 ::=		SEQUENCE {
	tm6-CE-ModeA-r13						ENUMERATED {supported}			OPTIONAL
}

Proposal 1. DL 64QAM demodulation test is defined based on transmission mode 2.
Figure 1 shows the normalized throughput performance of the proposed TM2 DL 64QAM test case. It is observed that 70% of the max throughput can be achieved at 11dB without considering any impairment margin.
[image: ]
Figure 1. Normalized throughput for DL 64QAM test with TBS=968 in EPA5 2x1 channel (CFI=3)
CRS muting
RAN4 needs to downselect the test cases for CRS muting. In terms of the single cell demodulation performance perspective, CRS muting mostly affects the performance of the tracking loop and the CRS channel estimation. Our view is a test case defined based on CRS-based transmission modes should be able to address UE performance on both aspects. Excluding TM6 for the applicability reason as discussed in 2.1, we propose to introduce one TM2 test case each for CatM1 and CatM2.
Proposal 2. For CatM1 UE, define the CRS muting test based on 8.11.1.1.3.1 Test 2 (TM2, 16QAM 1/2, 3PRB, CE Mode A, No repetitions)
Proposal 3. For CatM2 UE, define the CRS muting test based on 8.11.1.1.3.2 Tests 1 (TM2, QPSK 1/3, 18PRB, CE Mode A, 8 repetitions)
For the proposed CatM1 UE test, we also present the preliminary throughput simulation result in Figure 2. It is observed that 70% of the maximum configured throughput can be achieved at 7.86dB without considering any impairment margin.
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Figure 2. Throughput performance of 8.11.1.1.3.1 Test 2 under CRS muting
High Velocity
Regarding high velocity, RAN4 needs to determine the repetition level to be used for the test. Available options are 
· Option 1: no repetition
· Option 2: 8 repetitions

Figure 3 shows the simulation result for EPA200L channel with and without repetition. The throughput for EPA5 is also presented as reference. It can be seen that under 200Hz Doppler, the simulation result with 8 repetitions is clearly biased due to the better time diversity of the fading channel itself. While UE performs better under lower Doppler (mobility) without any repetition, the trend is reversed when the PDSCH is repeated across multiple subframes due to each repetition undergoing less correlated fading in 200Hz Doppler. Since the goal of the test is to verify the UE handling of the higher Doppler rather than highlighting the time diversity gain under higher mobility scenario, our view is that the test should be defined based on no repetition. 
Proposal 4. High velocity test is defined based on no repetition.
[image: ]
Figure 3. Normalized throughput for TM2 QPSK 1/3 TBS=504 with 6PRB in EPA 2x1 low correlation channel without frequency hopping.

CQI definition test
RAN4 needs to choose the test point(s) to verify that UE can handle the CQI table 6 as shown below.
	CQI index
	modulation
	code rate x 1024
	repetition

	0
	out of range

	1
	QPSK 
	56
	32

	2
	QPSK 
	207
	16

	3
	QPSK 
	266
	4

	4
	QPSK
	195
	2

	5
	QPSK 
	142
	1

	6
	QPSK
	266
	1

	7
	QPSK 
	453
	1

	8
	QPSK
	637
	1

	9
	16QAM
	423
	1

	10
	16QAM 
	557
	1

	11
	16QAM
	696
	1

	12
	16QAM
	845
	1

	13
	64QAM
	651
	1

	14
	64QAM
	780
	1

	15
	64QAM
	888
	1



Proposal 5. Use the below Table 1 for CQI definition test for the CQI table 6 given by Table 7.2.3-6 [2].
Table 1. CQI to MCS mapping for CQI definition test based on the CQI 6 table given by Table 7.2.3-6 in TS 36.213
	CQI
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Target Code Rate
	0.0017
	0.0126
	0.0649
	0.0952
	0.1387
	0.2598
	0.4424
	0.6221
	0.4131
	0.5439
	0.6797
	0.8252
	0.6357
	0.7617
	0.8672

	IMCS
	0
	1
	2
	1
	1
	2
	6
	9
	12
	14
	16
	16
	21
	24
	27

	Repetition
	32
	16
	4
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Actual Code Rate
	0.0035
	0.0097
	0.0583
	0.0778
	0.1556
	0.2333
	0.4889
	0.6667
	0.4222
	0.5333
	0.6444
	0.6444
	0.6074
	0.7556
	0.8741


Based on the Table 1, we propose to define the CQI definition test in 16QAM MCS regime. For instance, at 6dB SNR, our preliminary simulation result shows that UE reports the median CQI of 9 with the corresponding BLER less than 1%, and the MCS corresponding to CQI 10 (= median CQI +1) gives the BLER close to 90%.
Proposal 6. Choose the SNR of 5 and 6dB as a test point for CQI definition test for the CQI table 6 given by Table 7.2.3-6 [2].
Conclusions
In this paper, we discussed the remaining open issues in the demodulation/CSI performance requirement for eFeMTC UE. The proposals made in this paper are summarized as follows.
[bookmark: _GoBack]
Proposal 1. DL 64QAM demodulation test is defined based on transmission mode 2.
Proposal 2. For CatM1 UE, define the CRS muting test based on 8.11.1.1.3.1 Test 2 (TM2, 16QAM 1/2, 3PRB, CE Mode A, No repetitions)
Proposal 3. For CatM2 UE, define the CRS muting test based on 8.11.1.1.3.2 Tests 1 (TM2, QPSK 1/3, 18PRB, CE Mode A, 8 repetitions)
Proposal 4. High velocity test is defined based on no repetition.
Proposal 5. Use the below Table 1 for CQI definition test for the CQI table 6 given by Table 7.2.3-6 [2].
Table 1. CQI to MCS mapping for CQI definition test based on the CQI 6 table given by Table 7.2.3-6 in TS 36.213
	CQI
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Target Code Rate
	0.0017
	0.0126
	0.0649
	0.0952
	0.1387
	0.2598
	0.4424
	0.6221
	0.4131
	0.5439
	0.6797
	0.8252
	0.6357
	0.7617
	0.8672

	IMCS
	0
	1
	2
	1
	1
	2
	6
	9
	12
	14
	16
	16
	21
	24
	27

	Repetition
	32
	16
	4
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	Actual Code Rate
	0.0035
	0.0097
	0.0583
	0.0778
	0.1556
	0.2333
	0.4889
	0.6667
	0.4222
	0.5333
	0.6444
	0.6444
	0.6074
	0.7556
	0.8741



Proposal 6. Choose the SNR of 5 and 6dB as a test point for CQI definition test for the CQI table 6 given by Table 7.2.3-6 [2].
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