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1. Introduction
[bookmark: _GoBack]In RAN4#83 [1] it was agreed to re-define the simulation assumptions for eMTC sub-band CQI testcase so that the UE monitors all 4 narrowbands and companies were encouraged to provide simulation results to set the requirement. Also, in the WF [2] from RAN4#83 companies were requested to recommend SNR points for CQI tests in section 9.8.1 and 9.8.2 of TS36.101 for UE supporting CE with 2Rx/ 4Rx. 
In this contribution we propose SNR points for CQI tests for UE supporting CE with 2Rx/ 4Rx and provide recommendations on the requirement. 
2. CQI Tests for Rel-13 Non-BL UE
2.1 CQI Reporting under AWGN Conditions
For the CQI test for UE supporting CE with 1Rx in AWGN conditions the test parameters are listed in Table 1. 
[bookmark: _Ref490159932]Table 1: PUCCH 1-0 static test (FDD and half-duplex FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
	[image: ]
	dB
	0

	
	[image: ]
	dB
	0

	
	
	dB
	0

	
	δ
	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 1)

	SNR (Note 2)
	dB
	5
	6

	[image: ]
	 dB[mW/15kHz]
	-93
	-92

	[image: ]
	dB[mW/15kHz]
	-98
	-98

	Max number of HARQ transmissions
	
	1

	Physical channel for CQI reporting
	
	PUCCH Format 2

	PUCCH Report Type
	
	4

	Reporting periodicity 
	ms
	Npd = 10

	cqi-pmi-ConfigurationIndex
	
	12

	Frequency hopping
	
	Disabled

	Frequency hopping inverval
(interval-FDD)
	
	4

	Starting OFDM symbol (startSymbolBR)
	
	3

	PDSCH repetition level
	
	1

	MPDCCH repetition level
	
	1

	Beamforming Precoder for MPDCCH 
	
	No precoding

	Precoder update granularity for MPDCCH
	
	N/A

	BL/CE DL subframe comfiguration (fdd-DownlinkOrTddSubframeBitmapBR)
	
	1111111111

	Note 1:	Reference measurement channel RC.23 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD and dynamic OCNG pattern OP.8 FDD as described in Annex A.5.1.1 and A.5.1.8.
Note 2:	For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level.
Note 3:	For each test, DC subcarrier puncturing shall be considered.



The SNR for the 1Rx test are 5, 6 dB. For 2Rx and 4Rx we propose to reduce the SNR by 3dB and 6dB respectively. Based on simulation results shown in Table 2, the wideband CQI at the SNRs recommended for 2Rx and 4Rx are the same as 1Rx.
[bookmark: _Ref490160758]Table 2: Median WB CQI for 1, 2, 4 Rx in AWGN
	1Rx
	2Rx
	4Rx

	SNR (dB)
	Median WB CQI
	SNR (dB)
	Median WB CQI
	SNR (dB)
	Median WB CQI

	5
	7
	2
	7
	-1
	7

	6
	7
	3
	7
	0
	7



Proposal#1: For CQI test in AWGN conditions, set the SNR points for UE supporting CE with 2Rx at 2, 3 dB.
Proposal#2: For CQI test in AWGN conditions, set the SNR points for UE supporting CE with 4Rx at -1, 0 dB.
2.2 UE-selected subband CQI 
For the UE selected subband CQI test the test parameters are listed in Table 3. The recommended updates to the test parameters from [1] are also captured in red. 
[bookmark: _Ref490161305]Table 3: Sub-band test for single antenna transmission (FDD and half-duplex FDD)
	Parameter
	Unit
	Test 1

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
	

	dB
	0

	
	

	dB
	0

	
	
	dB
	0

	
	δ
	dB
	0

	 SNR (Note 3)
	 dB
	5
	6

	

	dB[mW/15kHz]
	-93
	-92

	

	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	

Clause B.2.4 with s, a = 1, Hz

	Reporting interval
	ms
	8

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Number of preferred subbands (M)
	
	1

	Number of narrowbands
	
	4

	Frequency hopping
	
	Enabled

	Frequency hopping offset
	
	1

	Starting OFDM symbol (startSymbolBR)
	
	3

	MPDCCH repetition level
	
	1  [4]

	PDSCH repetition level
	
	1

	MPDCCH narrowband (mpdcch-Narrowband)
	
	7

	MPDCCH hopping interval
	
	8  [1]

	Beamforming Precoder for MPDCCH 
	
	No precoding

	Precoder update granularity for MPDCCH
	
	N/A

	BL/CE DL subframe comfiguration (fdd-DownlinkOrTddSubframeBitmapBR)
	
	1111111111

	Note 1:	If the UE reports in an available uplink reporting instance at subframe SF#n based on CQI estimation at a downlink subframe not later than SF#(n-4), this reported narrowband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)
Note 2:	Reference measurement channel RC.25 FDD according to Table A.4-1 with one sided and dynamic OCNG Pattern OP.1/8 FDD as described in Annex A.5.1.1/8.
Note 3:	For each test, the minimum requirements shall be fulfilled for at least one of the two SNR(s) and the respective wanted signal input level
Note 4:	For each test, DC subcarrier puncturing shall be considered


For the subband CQI test with 1Rx, the SNR points are 5, 6 dB. We propose that the SNR points for 2Rx and 4Rx be reduced by 3 dB and 6dB respectively. Based on simulation results shown in Table 4, the wideband CQI at the SNRs recommended for 2Rx and 4Rx are the same as 1Rx. Results also show that the throughput gain () in subband mode are similar for 1Rx, 2Rx and 4Rx for the SNR points proposed.
[bookmark: _Ref490161978]Table 4: Results for 1, 2, 4 Rx in subband CQI Test
	1Rx
	2Rx
	4Rx

	SNR (dB)
	Median WB CQI
	TP Gain ()
	SNR (dB)
	Median WB CQI
	TP Gain ()
	SNR (dB)
	Median WB CQI
	TP Gain ()

	5
	5
	1.54
	2
	5
	1.54
	-1
	5
	1.52

	6
	6
	1.06
	3
	6
	1.05
	0
	6
	1.05


Proposal#3: For subband CQI test, set the SNR points for UE supporting CE with 2Rx at 2, 3 dB.
Proposal#4: For subband CQI test, set the SNR points for UE supporting CE with 4Rx at -1, 0 dB.
Proposal#5: For subband CQI test, set the  threshold as 1.1 for UE supporting CE with 2Rx / 4Rx.

3. Conclusion
Based on simulation results detailed in this contribution we recommend the SNR points and threshold requirements for CQI tests for UE supporting CE with 2Rx and 4Rx.
Proposal#1: For CQI test in AWGN conditions, set the SNR points for UE supporting CE with 2Rx at 2, 3 dB.
Proposal#2: For CQI test in AWGN conditions, set the SNR points for UE supporting CE with 4Rx at -1, 0 dB.
Proposal#3: For subband CQI test, set the SNR points for UE supporting CE with 2Rx at 2, 3 dB.
Proposal#4: For subband CQI test, set the SNR points for UE supporting CE with 4Rx at -1, 0 dB.
Proposal#5: For subband CQI test, set the  threshold as 1.1 for UE supporting CE with 2Rx / 4Rx.

4. References
[1]. [bookmark: _Ref490156327][bookmark: _Ref489819663]R4-1706204, “Way forward on eMTC subband CQI test”, Ericsson, Anritsu, Qualcomm
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