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1
Introduction
RAN1 has been competed the eMTC specification [1], and it has already been captured in the CR packs [2]

 REF _Ref440375092 \r \h 
[3].

We summarize the RAN1 agreement on the CSI reporting requirement and discuss the necessary UE CSI reporting requirement. 
2
CSI reporting for eMTC
Since Category M1 UE monitors 6PRB narrowband regardless of the system bandwidth and it has only one receive antenna, the required CSI is very limited. It is also important to note that CE Mode B UE does not need the CSI reporting. The following description is therefore only applicable for CE Mode A UE. 

The supported reporting modes are:

· Aperiodic reporting mode 2-0 (UE-selected subband CQI without PMI) for TM1/2/9

· Subband CQI is replaced with narrowband CQI. This means subband size of 6 is always assumed. 

· Periodic reporting mode 1-0 (Wideband CQI without PMI) for TM1/2/9

· Periodic reporting mode 1-1 (Wideband CQI with single PMI) for TM6/9

Note that the reference signal for CSI reporting is assumed to use CRS only even for TM9.
UE Category M1 uses the dedicated CQI table as shown in Table 1. The difference from the legacy 64QAM CQI table is that addition of one lower coding rate CQI index for QPSK and removal of CQI indexes for 64QAM. CQI index values from 11 to 15 are set to be reserved because CE Mode A supports only QPSK and 16QAM.  
Table 1
CQI Table for CE Mode A (Ref: Table 7.2.3-3 [3])
	CQI index
	modulation
	code rate x 1024 x 
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	efficiency

	0
	out of range

	1
	QPSK 
	40
	0.0781

	2
	QPSK 
	78
	0.1523

	3
	QPSK 
	120
	0.2344

	4
	QPSK
	193
	0.3770

	5
	QPSK 
	308
	0.6016

	6
	QPSK
	449
	0.8770

	7
	QPSK 
	602
	1.1758

	8
	16QAM 
	378
	1.4766

	9
	16QAM 
	490
	1.9141

	10
	16QAM 
	616
	2.4063

	11
	Reserved 
	Reserved
	Reserved

	12
	Reserved
	Reserved
	Reserved

	13
	Reserved
	Reserved
	Reserved

	14
	Reserved 
	Reserved
	Reserved

	15
	Reserved 
	Reserved
	Reserved


3
CSI reporting requirements

Due to the introduction of new CQI table for CE Mode A, we propose to introduce the CQI definition test with the periodic reporting mode 1-0 and CQI reporting test under fading conditions with the aperiodic reporting mode 2-0. Note that this is similar approach to the Rel-12 MTC CSI reporting requirements. 
Proposal 1: Introduce two CSI reporting tests: CQI definition test with PUCCH 1-0 and subband CQI test with PUSCH 2-0.

3.1
CQI definition with PUCCH 1-0

We can reuse the same parameter setting as UE category 0. On top of that we should add more parameters such as M-PDCCH configuration. Table 2 shows our proposal of CQI definition test. CQI reporting periodicity is TBD and it depends on the agreement of downlink scheduling pattern. For this test the frequency hopping can be disabled because of static channel. Moreover the repetitions are set to one or small number for M-PDCCH/PDSCH because the SNR levels are high enough to report CQI index more than 1 and in such higher SNR levels, no repetitions are needed. 
Table 2
Proposed simulation parameter for CQI definition test with PUCCH 1-0. 
	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	dB
	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 1)

	SNR (Note 2)
	dB
	TBD
	TBD
	TBD
	TBD
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	 dB[mW/15kHz]
	-98
	-97
	-92
	-91
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	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 = TBD

	cqi-pmi-ConfigurationIndex
	
	TBD

	Frequency hopping
	
	OFF

	Starting OFDM symbol (startSymbolLC)
	
	3

	M-PDCCH repetition level
	
	TBD

	PDSCH repetition level
	
	TBD

	


We can use the same metrics as existing CQI definition test. 

Proposal 2: Specify the requirements of CQI definition test as the same as the existing CQI definition test, that is,  1) the reported CQI value according to MCS table below shall be in the range of +/-1 of the reported median more than 90% of the time, and 2) If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Finally we also need to specify the RMC used for the CQI definition test. Since the existing UE category 0 RMC table uses the fixed 2PRB allocation, we can reuse the same resource allocation. Table 3 is the proposed RMC table adapted to CE Mode A. 
Proposal 3: RMC table for CQI definition test uses the fixed 2PRB resource allocation. 
Table 3
Proposed RMC table for CQI definition test. 

	CQI Index
	Modulation
	Number of PRB
	MCS
	TBS

	0
	DTX
	DTX
	DTX
	DTX

	1
	QPSK
	2
	0
	32

	2
	QPSK
	2
	0
	32

	3
	QPSK
	2
	0
	32

	4
	QPSK
	2
	2
	72

	5
	QPSK
	2
	4
	120

	6
	QPSK
	2
	6
	176

	7
	QPSK
	2
	8
	266

	8
	16QAM
	2
	11
	328

	9
	16QAM
	2
	13
	440

	10
	16QAM
	2
	16
	600

	11
	Reserved
	N/A
	N/A
	N/A

	12
	Reserved
	N/A
	N/A
	N/A

	13
	Reserved
	N/A
	N/A
	N/A

	14
	Reserved
	N/A
	N/A
	N/A

	15
	Reserved
	N/A
	N/A
	N/A


3.2
CQI reporting under fading condition with PUSCH 2-0
Aperiodic reporting mode 2-0 requires to report M preferred narrowbands, but the number of monitored narrowbands depends on the frequency hopping setting for M-PDCCH; that is, the total number of monitoring narrowbands is 2 or 4. PUSCH 2-0 also needs to measure the wideband CQI. RAN1 agreed to perform ‘wideband’ CQI only from the monitored narrowbands.
Table 4 is the proposed simulation parameter for CQI fading test. Regarding the number of preferred subbands (M), according to the current CR [3], it is still specified M=6 in Table 7.2.1-5 in the case of 10MHz of system bandwidth. However M should be less than 4 because M-PDCCH monitoring narrowbands is 2 or 4. We need to wait for RAN1 decision. 
Table 4
Proposed simulation parameter for CQI fading test with PUSCH 2-0.

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	 SNR (Note 3)
	 dB
	TBD
	TBD
	TBD
	TBD
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	dB[mW/15kHz]
	-89
	-88
	-84
	-83
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
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	Reporting interval
	ms
	TBD

	CQI delay
	ms
	TBD

	Reporting mode
	
	PUSCH 2-0

	Max number of HARQ transmissions
	
	1

	Subband size (k)
	RBs
	6

	Number of preferred subbands (M)
	
	TBD (<=4)

	Number of narrowbands
	
	[4]

	Starting OFDM symbol (startSymbolLC)
	
	3

	M-PDCCH repetition level
	
	TBD

	PDSCH repetition level
	
	TBD


We propose use the same metrics as existing CQI fading test. 

Proposal 4: Specify the requirement of CQI fading test as the ratio of the throughput obtained when transmitting on a randomly selected narrowband among the best M narrowbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected narrowbands is larger than a threshold. 
As well as CQI definition test, we also need to specify the RMC used for the CQI fading test. In UE category 0 UE CSI reporting requirements, RAN4 has introduced the subband CQI test with PUSCH 3-0. For this test, RMC table uses the fixed 3PRB allocation. We propose to reuse the same resource allocation. Table 5 is the proposed RMC table adapted to CE Mode A.
Table 5
Proposed RMC table for subband CQI test.

	CQI Index
	Modulation
	Number of PRB
	MCS
	TBS

	0
	DTX
	DTX
	DTX
	DTX

	1
	QPSK
	3
	0
	56

	2
	QPSK
	3
	0
	56

	3
	QPSK
	3
	0
	56

	4
	QPSK
	3
	2
	144

	5
	QPSK
	3
	4
	208

	6
	QPSK
	3
	6
	328

	7
	QPSK
	3
	8
	392

	8
	16QAM
	3
	11
	504

	9
	16QAM
	3
	13
	680

	10
	16QAM
	3
	16
	904

	11
	Reserved
	N/A
	N/A
	N/A

	12
	Reserved
	N/A
	N/A
	N/A

	13
	Reserved
	N/A
	N/A
	N/A

	14
	Reserved
	N/A
	N/A
	N/A

	15
	Reserved
	N/A
	N/A
	N/A


Proposal 5: RMC table for subband CQI test uses the fixed 3PRB resource allocation. 
4
Conclusion

Proposal 1: Introduce two CSI reporting tests: CQI definition test with PUCCH 1-0 and subband CQI test with PUSCH 2-0.

Proposal 2: Specify the requirements of CQI definition test as the same as the existing CQI definition test, that is,  1) the reported CQI value according to MCS table below shall be in the range of +/-1 of the reported median more than 90% of the time, and 2) If the PDSCH BLER using the transport format indicated by median CQI is less than or equal to 0.1, the BLER using the transport format indicated by the (median CQI + 1) shall be greater than 0.1. If the PDSCH BLER using the transport format indicated by the median CQI is greater than 0.1, the BLER using transport format indicated by (median CQI – 1) shall be less than or equal to 0.1.
Proposal 3: RMC table for CQI definition test uses the fixed 2PRB resource allocation. 
Proposal 4: Specify the requirement of CQI fading test as the ratio of the throughput obtained when transmitting on a randomly selected narrowband among the best M narrowbands reported by the UE the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected narrowbands is larger than a threshold. 
Proposal 5: RMC table for subband CQI test uses the fixed 3PRB resource allocation. 
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