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1   Introduction
In RAN#73 meeting, the new WID on requirements for a new UE category with single receiver based on Category 1 for LTE was agreed in [1]. According to the objectives, the new demodulation performance and CSI requirements will be discussed and would be introduced.  In this contribution, we will discuss what PDSCH requirements should be introduced for Category 1 UE with 1Rx.
2   Discussion
2.1   Objectives for demodulation performance part
In [1] the objectives for demodulation performance and CSI requirements are as follows.
Introduce demodulation performance requirements:

· Performance requirements for PDSCH demodulation

· TM2 PDSCH demodulation test

· TM4 rank 1 PDSCH demodulation test

· TM9 rank 1 PDSCH demodulation test

· PHICH demodulation test

· Category 0 test can be reused

· PBCH demodulation test. 

· Category 0 test can be reused

· CQI tests  

· TM1 CQI definition test

· TM1 subband CQI test

Specify requirements applicability to differentiate between legacy Cat.1 and the newly introduced category/capability.
2.2   Exiting demodulation requirements

According to the WID, the idea behind those objectives would be to follow the existing 1Rx DL Category 0 MTC performance requirements to define the new ones. Compared to MTC DL Category 0 or eMTC Category M-1 UEs, Category 1 UE has higher capability in terms of maximum supported throughput and soft buffer size.
In order to define the new requirements, we would like to first look at the existing (e)MTC 1Rx and Category 1 UE demodulation performance and CSI requirements as shown in Table 1 and Table 2.
Table 1: Summary of existing MTC single Rx demodulation performance and CSI requirements (FDD/HD-FDD)
	Test Num
	Description
	Sub-clause number

	1
	PDSCH TM2 10MHz 16QAM 1/2 EPA5 2x1 Low 
	8.9.1.1.1

	2
	PDSCH TM4 close-loop 10MHz 64QAM 1/2 EPA5 2x1 Low
	8.9.1.1.2

	3
	PDSCH TM9 randomly pre-coding 10MHz QPSK 1/3 EPA5 2x1 Low
	8.9.1.1.3

	4
	PHICH transmit diversity 10MHz EPA5 2x1 Low
	8.9.2.1

	5
	PBCH transmit diversity 1.4MHz EPA5 2x1 Low
	8.9.3.1

	6
	PUCCH 1-0 CQI reporting definition test under AWGN 1x1
	9.7.1.1

	7
	PUCCH 3-0 CQI frequency selective test under two-path channel 1x1
	9.7.2.1


Table 2: Summary of existing eMTC single Rx demodulation performance and CSI requirements (FDD/HD-FDD)
	Test Num
	Description
	Sub-clause number

	1
	PDSCH TM6 CE Mode A close-loop 10MHz 1/2 (3 PRB allocated) EPA5 2x1 Low
	8.11.1.1.1

	2
	PDSCH TM9 CE Mode A random pre-coding QPSK 1/10 (6 PRB allocated) EPA5 2x1 Low
	8.11.1.1.2

	3
	PDSCH TM2 CE Mode B QPSK 1/10 (6 PRB allocated) ETU1 2x1 Low
	8.11.1.1.3 Test-1

	4
	PDSCH TM2 CE Mode A 16QAM 1/2 (3 PRB allocated) EPA5 2x1 Low
	8.11.1.1.3 Test-2

	5
	MPDCCH transmit diversity CE Mode A 10MHz 16ECCE EPA5 2x1 Low
	8.11.2.1.1

	6
	MPDCCH transmit diversity CE Mode B 10MHz 24ECCE ETU1 2x1 Low
	8.11.2.1.2

	7
	PBCH transmit diversity with repetition 10MHz EPA1 2x1 Low
	8.11.3.1.1

	8
	PUCCH 1-0 CQI definition under AWGN with CE Mode A
	9.8.1.1

	9
	PUSCH 2-0 CQI fading test with CE Mode A
	9.8.2.1


According to objectives, the coverage enhancement technique specified for eMTC could not be applicable to Category 1 like UE with 1Rx in this work item. It was thought that uplink coverage is bottleneck compared to downlink coverage. Thus the coverage enhancement in downlink may not be very essential. 
So it is reasonable to follow MTC DL Category 0 UE to specify the new requirements for Category 1 UE with 1Rx. In release-9, the additional demodulation performance requirements for UE category 1 are introduced on top of release 8 requirements by reducing the bandwidth (5MHz) and TB size. In Table 3, we summarize the existing Category 1 UE demodulation performance requirements.
Table 3: Summary of existing Cat.1 UE demodulation performance and CSI requirements (FDD)
	Test Num
	Description
	Sub-clause number

	1
	PDSCH TM1 tests with different MCS-es and under different fading channels
	8.2.1.1.1

	2
	PDSCH TM1 minimum requirement 1 PRB allocation in presence of MBSFN
	8.2.1.1.4

	3
	PDSCH TM2 5MHz 16QAM 1/2 2x2 medium and QPSK test 2x2 HST 
	8.2.1.2.1

	4
	PDSCH TM2 1.4MHz/10MHz QPSK 1/3 4x2 tests
	8.2.1.2.2

	5
	PDSCH TM2 10MHz QPSK 2x2 Low test for Type-A receiver with TM3 interference
	8.2.1.2.4

	6
	PDSCH TM2 10MHz QPSK 2x2 Low test for Type-B receiver with TM2 interference 
	8.2.1.2.5

	7
	PDSCH TM2 10MHz QPSK 2x2 Low test for Type-B receiver with TM9 interference
	8.2.1.2.6

	8
	PDSCH TM4 1-layer 5MHz 16QAM EVA5 2x2 Low, 10MHz QPSK EPA5 2x2 High tests
	8.2.1.4.1

	9
	PDSCH TM4 1-layer 10MHz QPSK EVA5 4x2 Low test
	8.2.1.4.1A

	10
	PDSCH TM6 10MHz 16QAM (lower coding rate) EVA5 2x2 Low test for Type-A receiver
	8.2.1.4.1B

	11
	PDSCH TM9 10MHz QPSK EVA5 2x2 Low tests
	8.3.1.1

	12
	PDSCH TM9 10MHz QPSK EVA5 4x2 Low test for Type-A receiver
	8.3.1.1A

	13
	PDSCH TM9 10MHz QPSK EVA5 4x2 Low with two TM9 interferences for Type-B
	8.3.1.1C

	14
	PDSCH TM8 10MHz QPSK EPA5 2x2 Low with two TM3 interferences for Type-B
	8.3.1.1E

	15
	PDSCH TM10 1-layer QPSK EPA5 4x2 Low with two TM9 interferences for Type-B
	8.3.1.1F

	16
	PDCCH/PCFICH single port test
	8.4.1.1

	17
	PDCCH/PCFICH transmit diversity tests with MRC receiver
	8.4.1.2.1~2

	18
	PDCCH/PCFICH transmit diversity tests with CCH-IM Type-A receiver
	8.4.1.2.5~6

	19
	PDCCH/PCFICH transmit diversity tests with CCH-IM Type-B receiver
	8.4.1.2.7~8

	20
	PHICH single port test
	8.5.1.1

	21
	PHICH transmit diversity tests with MRC receiver
	8.5.1.2.1~2

	22
	PHICH transmit diversity tests with CCH-IM Type-A receiver
	8.5.1.2.5~6

	23
	PHICH transmit diversity tests with CCH-IM Type-B receiver
	8.5.1.2.7~8

	24
	PBCH single port test
	8.6.1.1

	25
	PBCH transmit diversity tests with MRC receiver 2Tx/4Tx
	8.6.1.2

	26
	SDR tests with PDCCH/EPDCCH scheduling
	8.7.1/3

	27
	EPDCCH tests
	8.8

	28
	PUCCH 1-0 CQI definition test based CRS
	9.2.1.1

	29
	PUCCH 1-1 CQI definition test based CRS
	9.2.2

	30
	PUSCH 3-0 CQI frequency-selective scheduling test based CRS
	9.3.1.1.1

	31
	PUSCH 3-1 CQI frequency-selective scheduling test based CSI-RS
	9.3.1.2.1

	32
	eIMTA TM10 PUSCH 3-1 CQI fading test based on CSI-RS
	9.3.1.2.6

	33
	PUCCH 1-0 CQI frequency non-selective scheduling test based CRS
	9.3.2.1.1

	34
	PUSCH 3-0 CQI frequency-selective interference test based CRS
	9.3.3.1.1

	35
	PUSCH 2-0 UE-selected subband CQI test based on CRS
	9.3.4.1.1

	36
	PUCCH 2-0 UE-selected subband CQI test based on CRS
	9.3.4.2.1

	37
	PUCCH 1-0 CQI test for Type-A receiver based on CRS
	9.3.5.1.1

	38
	PUSCH 3-1 single PMI test based on CRS
	9.4.1.1.1

	39
	PUCCH 2-1 single PMI test based on CRS
	9.4.1.2.1

	40
	PUSCH 3-1 single PMI test based on CSI-RS
	9.4.1.3.1

	41
	PUCCH 1-1 4Tx enhanced codebook PMI test
	9.4.1.4.1

	42
	PUSCH 1-2 multiple PMI test based on CRS
	9.4.2.1.1

	43
	PUSCH 2-2 multiple PMI test based on CRS
	9.4.2.2.1

	44
	PUSCH 1-2 multiple PMI test based on CSI-RS
	9.4.2.3.1

	45
	MBMS demodulation requirements
	10


As we can see in Table 3, there are quite a lot of demodulation requirements which can be applicable to Category 1 UE. From those requirements, we can observe that

· Observation 1: Category 1 UE supports 

· PDSCH with MMSE receiver and with TM1, TM2, TM4 1-layer, TM6, TM9 1-layer, TM10 1-layer (2x2/4x2);

· PDSCH with MMSE-IRC (Type-A receiver)

· PDSCH with NAICS (Type-B receiver)

· PDCCH/PCFICH, PHICH and PBCH with MRC and MMSE receivers

· PDCCH/PCFICH and PHICH with IRC and E-IRC receivers

· EPDCCH localized and distributed transmission
· Periodic CQI/PMI and aperiodic CQI/PMI tests with MMSE and MMSE-IRC (Type-A receiver)

· eIMTA

· MBMS
The category 1 UE requirements for some features would be incomplete, e.g., NAICS (Type-B receiver), where the CQI requirements for NAICS are not applicable for it because the requirements are based on rank-2 transmission. 
Looking at Objectives in WID, the intention is to specify some key requirements for category 1 UE with single receiver antenna rather than to get the same test coverage as the existing category 1 UE. From Table 3 and Observation 1, we can see it would be difficult to extend all the existing Category 1 UE requirements to Category 1 UE with single Rx. On the other hand, it could be justified that Category 1 UE with single RX should be differentiated from the existing Category 1 UE-s, because the different set of demodulation performance requirements will be specified. And that is also included in objectives in WID for RAN2.
So in this WID, we should consider to specify a new set of demodulation requirements for Category 1 UE with 1Rx. Those requirements should be fundamental to guarantee the good performance for UE to support wearable devices.
2.3   New PDSCH demodulation requirements
Compared to DL Category 0 UE requirements as shown in Table 1, the idea of WID is to specify the same set of requirements as those for MTC UE.
The maximum TB size per TTI for UE Category 1 is 10296 bits, while the maximum TB size per TTI for MTC UE DL category 0 is 1000 bits. So to have good test for UE category 1, it is straightforward to extend the existing DL Category 1 UE PDSCH demodulation performance requirements to UE Category 1 by increasing the TB size for the reference channel.
2.3.1   TM2 
The following are the TM2 demodulation performance requirement for DL Category 0 UE (MTC UE), and TM2 demodulation performance requirement with 2Tx and 2Rx for Category 1 UE.
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8.9.1.1
FDD and half-duplex FDD (Fixed Reference Channel)
The parameters specified in Table 8.9.1.1-1 are valid for FDD and half-duplex FDD tests unless otherwise stated.

Table 8.9.1.1-1: Common Test Parameters (FDD and half-duplex FDD)

	Parameter
	Unit
	Value 

	Inter-TTI Distance
	
	1

	Number of HARQ processes per component carrier
	Processes
	8

	Maximum number of HARQ transmission
	
	4

	Redundancy version coding sequence
	
	{0,1,2,3} for QPSK and 16QAM

{0,0,1,2} for 64QAM

	Number of OFDM symbols for PDCCH per component carrier
	OFDM symbols
	4 for 1.4 MHz bandwidth, 3 for 3 MHz and 5 MHz bandwidths, 

2 for 10 MHz, 15 MHz and 20 MHz bandwidths

	Cyclic Prefix
	
	Normal

	Precoder update granularity
	
	Frequency domain: 1 PRG

Time domain: 1 ms for Transmission mode 9


8.9.1.1.1
Transmit diversity performance (Cell-Specific Reference Symbols)
8.9.1.1.1.1
Minimum Requirement 2 Tx Antenna Port

The requirements are specified in Table 8.9.1.1.1.1-2, with the addition of the parameters in Table 8.9.1.1.1.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the performance of transmit diversity (SFBC) with 2 transmitter antennas.

Table 8.9.1.1.1.1-1: Test Parameters for Transmit diversity Performance (FRC)

	Parameter
	Unit
	Test 1 

	Downlink power allocation
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Table 8.9.1.1.1.1-2: Minimum performance Transmit Diversity (FRC)

	Test number
	Band-width and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE DL category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
16QAM 1/2
	R. 62 FDD
	OP.1 FDD
	EPA5
	2x1 Low
	70
	9.0
	0
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8.2.1.2
Transmit diversity performance

8.2.1.2.1
Minimum Requirement 2 Tx Antenna Port

The requirements are specified in Table 8.2.1.2.1-2, with the addition of the parameters in Table 8.2.1.2.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose is to verify the performance of transmit diversity (SFBC) with 2 transmitter antennas.

Table 8.2.1.2.1-1: Test Parameters for Transmit diversity Performance (FRC)

	Parameter
	Unit
	Test 1-2 

	Downlink power allocation
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Table 8.2.1.2.1-2: Minimum performance Transmit Diversity (FRC)

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.11 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	6.8
	≥2

	
	5 MHz
	R.11-2 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	5.9
	1

	
	5 MHz
(NOTE 1)
	R.11-2 FDD
	OP.1 FDD
	EVA5
	2x2 Medium
	70
	5.9
	≥2

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	HST
	2x2
	70
	-2.3
	≥1

	NOTE 1:
Test case applicability is defined in 8.1.2.1.
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It can be observed that 
· Observation 2: the commonalities between the requirements of existing MTC TM2 and Category 1 UE with 2Rx are

· 16QAM 1/2 is used for both requirements
· Test metrics are the same

· Observation 3: the differences between the requirements of existing MTC TM2 and Category 1 UE with 2Rx are 

· Bandwidths: 5MHz is used for category 1 UE while 10MHz is used for DL category 0 UE

· Propagation conditions: EVA5 is used for category 1 UE while EPA5 is used for DL category 0 UE

· Correlation matrix and antenna configuration: 2x2 Medium is used for category 1 UE while 2x1 Low is used for DL category 0 UE

· Duplex modes: No HD-FDD requirement is specified for category 1 UE.
For the correlation matrix and antenna configuration, 2x2 medium means 0.3 correlation level at transmit side and 0.9 correlation level at receiver side, which increases the correlation level at receiver side and helps verifying the transmit diversity gain. For DL UE category 0, 2x1 low is used and the transmit diversity gain can also be verified well under such channel.
For the channel bandwidth, we do believe that this new UE will be used mainly for low frequency bands. In those bands, because the antenna size would be limited by the form factor of device, the single antenna seems be more feasible. If we looks at all the low bands, e.g., less than about 800Hz (Band 5, 6, 8, 12, 13, 14, 17, 18, 19, 20, 26, 27, 28, 31, 44, 68), then it is found that all the bands support 5MHz and most of bands except Band 31 support 10MHz. 
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Table 5.6.1-1: E-UTRA channel bandwidth

	E-UTRA band / Channel bandwidth

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	1
	
	
	Yes
	Yes
	 Yes
	 Yes

	2
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1

	3
	Yes
	Yes
	Yes
	Yes
	Yes1 
	Yes1

	4
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	5
	Yes
	Yes
	Yes
	Yes1
	
	

	6
	
	
	Yes
	Yes1
	
	

	7
	
	
	Yes
	Yes
	Yes3
	Yes1, 3

	8
	Yes
	Yes
	Yes
	Yes1
	
	

	9
	
	
	Yes
	Yes
	Yes1
	Yes1

	10
	
	
	Yes
	Yes
	Yes
	Yes

	11
	
	
	Yes
	Yes1
	
	

	12
	Yes
	Yes
	Yes1
	Yes1
	
	

	13
	
	
	Yes1
	Yes1
	
	

	14
	
	
	Yes1
	Yes1
	
	

	...
	
	
	
	
	
	

	17
	
	
	Yes1
	Yes1
	
	

	18
	
	
	Yes
	Yes1
	Yes1
	

	19
	
	
	Yes
	Yes1
	Yes1
	

	20
	
	
	Yes
	Yes1
	Yes1
	Yes1

	21
	
	
	Yes
	Yes1
	Yes1
	

	22
	
	
	Yes
	Yes
	Yes1
	Yes1

	23
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1

	24
	
	
	Yes
	Yes
	
	

	25
	Yes
	Yes
	Yes
	Yes
	Yes1
	Yes1

	26
	Yes
	Yes
	Yes
	Yes1
	Yes1
	

	27
	Yes
	Yes
	Yes
	Yes1
	
	

	28
	
	Yes
	Yes
	Yes1
	Yes1
	Yes1, 2

	30
	
	
	Yes
	Yes1
	
	

	31
	Yes
	Yes1
	Yes1
	
	
	

	...
	
	
	
	
	
	

	33
	
	
	Yes 
	Yes
	Yes
	Yes

	34
	
	
	Yes
	Yes
	Yes
	

	35
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	36
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	37
	
	
	Yes
	Yes
	Yes
	Yes

	38
	
	
	Yes
	Yes
	Yes3
	Yes3

	39
	
	
	Yes
	Yes
	Yes3
	Yes3

	40
	
	
	Yes
	Yes
	Yes
	Yes

	41
	
	
	Yes
	Yes
	Yes
	Yes

	42
	
	
	Yes
	Yes
	Yes
	Yes

	43
	
	
	Yes
	Yes
	Yes
	Yes

	44
	
	Yes
	Yes
	Yes
	Yes
	Yes

	45
	
	
	Yes
	Yes
	Yes
	Yes

	46
	
	
	
	Yes
	
	Yes

	47
	
	
	
	Yes
	
	Yes

	…
	
	
	
	
	
	

	64
	Reserved

	65
	
	
	Yes
	Yes
	Yes
	Yes

	66
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	68
	
	
	Yes
	Yes
	Yes
	

	
	
	
	
	
	
	

	70
	
	
	Yes
	Yes
	Yes
	Yes

	NOTE 1:
1 refers to the bandwidth for which a relaxation of the specified UE receiver sensitivity requirement (subclause 7.3) is allowed.

NOTE 2:
2 For the 20 MHz bandwidth, the minimum requirements are specified for E-UTRA UL carrier frequencies confined to either 713-723 MHz or 728-738 MHz

NOTE 3:
3 refers to the bandwidth for which the uplink transmission bandwidth can be restricted by the network for some channel assignments in FDD/TDD co-existence scenarios in order to meet unwanted emissions requirements (Clause 6.6.3.2).
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And for 25PRB, i.e., 5MHz, the maximum TBS is 16416 which is a little higher than UE category 1 capability, while for 50PRB, i.e., 10MHz, the maximum TBS is far beyond UE Category 1 capability. So it would be good to pick 5MHz as bandwidth for the new requirement.

In that the low frequency band is more popular scenario, the coverage would be a little larger and then the delay spread would be larger. So we propose to use EVA5 as propagation condition.

And for UE category 1 UE with 1Rx, there would be no need to specify HD-FDD demodulation performance requirement, since there is no low cost requirement and the performance can be further enhanced by full duplex compared to MTC UE.

· Proposal 1: the following test parameters are proposed for TM2 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: 16QAM 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.
2.3.2   TM4 
The following are the TM4 demodulation performance requirement for DL Category 0 UE (MTC UE), and TM4 demodulation performance requirement with 2Tx and 2Rx for Category 1 UE.
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8.9.1.1.2
Closed-loop spatial multiplexing performance (Cell-Specific Reference Symbols) 
8.9.1.1.2.1
Minimum Requirement Single-Layer Spatial Multiplexing 2 Tx Antenna Port

The requirements are specified in Table 8.9.1.1.2.1-2, with the addition of the parameters in Table 8.9.1.1.2.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-one performance with frequency selective precoding.

Table 8.9.1.1.2.1-1: Test Parameters for Single-Layer Spatial Multiplexing (FRC)

	Parameter
	Unit
	Test 1

	Downlink power allocation
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	Precoding granularity
	PRB
	6

	PMI delay (Note 2)
	ms
	8

	Reporting interval
	ms
	8

	Reporting mode
	
	PUSCH 1-2

	CodeBookSubsetRestriction bitmap
	
	001111

	PDSCH transmission mode
	
	4

	Note 1:
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Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).


Table 8.9.1.1.2.1-2: Minimum performance Single-Layer Spatial Multiplexing (FRC)

	Test number
	Band-width and MCS
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE DL category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
64QAM 1/2
	R. 63 FDD
	OP.1 FDD
	EPA5
	2x1Low
	70
	13.2
	0
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8.2.1.4
Closed-loop spatial multiplexing performance

8.2.1.4.1
Minimum Requirement Single-Layer Spatial Multiplexing 2 Tx Antenna Port

The requirements are specified in Table 8.2.1.4.1-2, with the addition of the parameters in Table 8.2.1.4.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify the closed loop rank-one performance with wideband and frequency selective precoding.

Table 8.2.1.4.1-1: Test Parameters for Single-Layer Spatial Multiplexing (FRC)

	Parameter
	Unit
	Test 1
	Test 1A
	Test 2

	Downlink power allocation
	
[image: image13.wmf]A

r


	dB
	-3
	-3
	-3

	
	
[image: image14.wmf]B

r


	dB
	-3 (Note 1)
	-3 (Note 1)
	-3 (Note 1)
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	Precoding granularity
	PRB
	6
	4
	50

	PMI delay (Note 2)
	ms
	8
	8
	8

	Reporting interval
	ms
	1
	1
	1

	Reporting mode
	
	PUSCH 1-2
	PUSCH 1-2
	PUSCH 3-1

	CodeBookSubsetRestriction bitmap
	
	001111
	001111
	001111

	PDSCH transmission mode
	
	4
	4
	4

	Note 1:
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Note 2:
If the UE reports in an available uplink reporting instance at subrame SF#n based on PMI estimation at a downlink SF not later than SF#(n-4), this reported PMI cannot be applied at the eNB downlink before SF#(n+4).


Table 8.2.1.4.1-2: Minimum performance Single-Layer Spatial Multiplexing (FRC)

	Test number
	Band-width 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
	R.10 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.5
	≥1

	1A (Note 1)
	5 MHz
	R.10-2 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	-2.9
	≥1

	2
	10 MHz
	R.10 FDD
	OP.1 FDD
	EPA5
	2x2 High
	70
	-2.3
	≥1

	Note 1:     Test case applicability is defined in 8.1.2.1.
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It can be observed that 

· Observation 4: the commonalities between the requirements of existing MTC TM4 and Category 1 UE with 2Rx are

· Test metrics are the same

· Observation 5: the differences between the requirements of existing MTC TM4 and Category 1 UE with 2Rx are 

· Bandwidths: 5MHz is used for category 1 UE while 10MHz is used for DL category 0 UE

· Propagation conditions: EVA5 is used for category 1 UE while EPA5 is used for DL category 0 UE

· Correlation matrix and antenna configuration: 2x2 Low is used for category 1 UE while 2x1 Low is used for DL category 0 UE

· MCS: QPSK 1/3 is used for category 1 UE while 64QAM 1/2 is used for DL category 0 UE

· Duplex modes: No HD-FDD requirement is specified for category 1 UE
· Reporting interval: 1ms for category 1 UE while 8ms for DL category 0 UE. 
For MCS, we can follow the set up for category 0 UE requirements, and for TM9 we can also follow category 0 UE requirements where the QPSK will be used. In that way, we can cover all the lower order, medium order and higher order modulation schemes. And if 5MHz and 64QAM 1/2 are used, the TB size is around 9144, which is lower than Category 1 UE capability. For bandwidth and other parameters, we have the similar thinking as those for TM2 tests. So we propose that

· Proposal 2: the following test parameters are proposed for TM4 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: 64QAM 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.

· Reporting interval: 1ms.
2.3.3   TM9 
The following are the TM9 demodulation performance requirement for DL Category 0 UE (MTC UE), and TM9 demodulation performance requirement with 2Tx and 2Rx for Category 1 UE.
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8.9.1.1.3
Closed-loop spatial multiplexing performance (User-Specific Reference Symbols)
8.9.1.1.3.1
Single-layer Spatial Multiplexing

For single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C, the requirements are specified in Table 8.9.1.1.3.1-2 with the addition of the parameters in Table 8.9.1.1.3.1-1 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power. 

Table 8.9.1.1.3.1-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 

	parameter
	Unit
	Test 1

	Downlink power allocation
	
[image: image17.wmf]A
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	dB
	0
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	dB
	0 (Note 1)

	
	(
	dB
	-3

	Beamforming model
	
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2

	CSI reference signal configuration
	
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
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	dBm/15kHz
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	6

	PDSCH transmission mode
	
	9

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.


Table 8.9.1.1.3.1-2: Minimum performance for CDM-multiplexed DM RS (FRC) with multiple CSI-RS configurations
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE DL category

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	

	1
	10 MHz
QPSK 1/3
	R. 64 FDD
	OP.1 FDD
	EPA5
	2x1 Low
	70
	4.7
	0
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8.3.1.1
Single-layer Spatial Multiplexing
For single-layer transmission on antenna ports 7 or 8 upon detection of a PDCCH with DCI format 2C, the requirements are specified in Table 8.3.1.1-1 and 8.3.1.1-2, with the addition of the parameters in Table 8.3.1.1-3 and the downlink physical channel setup according to Annex C.3.2. The purpose of these tests is to verify rank-1 performance on one of the antenna ports 7 or 8 with and without a simultaneous transmission on the other antenna port, and to verify rate matching with multiple CSI reference symbol configurations with non-zero and zero transmission power. 

Table 8.3.1.1-1: Test Parameters for Testing CDM-multiplexed DM RS (single layer) with multiple CSI-RS configurations 

	parameter
	Unit
	Test 1, Test 1a
	Test 2
	Test 3

	Downlink power allocation
	
[image: image21.wmf]A
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	dB
	0
	0
	0
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	dB
	0 (Note 1)
	0 (Note 1)
	0 (Note 1)

	
	(
	dB
	-3
	-3
	-3

	Beamforming model
	
	Annex B.4.1
	Annex B.4.1
	Annex B.4.1

	Cell-specific reference signals
	
	Antenna ports 0,1

	CSI reference signals
	
	Antenna ports 15,…,18
	Antenna ports 15,…,18
	Antenna ports 15, …, 18

	CSI-RS periodicity and subframe offset
TCSI-RS / ∆CSI-RS 
	Subframes
	5 / 2
	5 / 2
	5 / 2

	CSI reference signal configuration
	
	0
	3
	0

	Zero-power CSI-RS configuration

ICSI-RS /
ZeroPowerCSI-RS bitmap 
	Subframes / bitmap
	3 /

0001000000000000
	3 /

0001000000000000
	3 /

0001000000000000
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at antenna port
	dBm/15kHz
	-98
	-98
	-98

	Symbols for unused PRBs
	
	OCNG (Note 4)
	OCNG (Note 4)
	OCNG (Note 4)

	Number of allocated resource blocks (Note 2)
	PRB
	50
	50
	50

	Simultaneous transmission
	
	No
	Yes (Note 3, 5)
	No

	PDSCH transmission mode
	
	9
	9
	9

	Number of MBSFN subframes
	Subframes
	6 (Note 6)
	NA
	NA

	Note 1:
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Note 2:
The modulation symbols of the signal under test are mapped onto antenna port 7 or 8.

Note 3:
Modulation symbols of an interference signal is mapped onto the antenna port (7 or 8) not used for the input signal under test.

Note 4:
These physical resource blocks are assigned to an arbitrary number of virtual UEs with one PDSCH per virtual UE; the data transmitted over the OCNG PDSCHs shall be uncorrelated pseudo random data, which is QPSK modulated.

Note 5:
The two UEs’ scrambling identities 
[image: image25.wmf]SCID

n

 are set to 0 for CDM-multiplexed DM RS with interfering simultaneous transmission test cases.

Note 6:
For FDD mode, 6 subframes (#1/2/3/6/7/8) are allocated as MBSFN subframes.


Table 8.3.1.1-2: Minimum performance for CDM-multiplexed DM RS without simultaneous transmission (FRC) with multiple CSI-RS configurations
	Test number
	Bandwidth and MCS 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Correlation Matrix and Antenna Configuration
	Reference value
	UE Category
	UE DL Cat-egory

	
	
	
	
	
	
	Fraction of Maximum

Throughput (%)
	SNR (dB)
	
	

	1
	10 MHz
QPSK 1/3
	R.43-1 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	70
	[-1.2]
	≥1
	≥6

	1a
	10 MHz
QPSK 1/3
	R.43-2 FDD
	OP.1 FDD
	EVA5
	2x2 Low
	[70]
	TBD
	≥1
	≥6

	3
	10MHz

256QAM
	R. 66 FDD
	OP.1 FDD
	EPA5
	2x2 Low
	70
	24.3
	11-12
	≥11

	Note 1:
For UE that indicates support of pdsch-CollisionHandling-r13, test 1a will be run and test 1 will be skipped. Otherwise, test 1 will be run and test 1a will be skipped.
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It can be observed that 

· Observation 6: the commonalities between the requirements of existing MTC TM9 and Category 1 UE with 2Rx are

· Test metrics are the same

· Bandwidths: 10MHz

· MCS: QPSK 1/3

· Observation 7: the differences between the requirements of existing MTC TM9 and Category 1 UE with 2Rx are 

· Propagation conditions: EVA5 is used for category 1 UE while EPA5 is used for DL category 0 UE

· Correlation matrix and antenna configuration: 2x2 Low is used for category 1 UE while 2x1 Low is used for DL category 0 UE

· Duplex modes: No HD-FDD requirement is specified for category 1 UE.
So we propose that

· Proposal 3: the following test parameters are proposed for TM9 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: QPSK 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.
3   Conclusion
In this contribution, we discuss the new demodulation performance requirements for UE category 1 with single receiver antenna. We have the following proposals.
· Proposal 1: the following test parameters are proposed for TM2 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: 16QAM 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.
· Proposal 2: the following test parameters are proposed for TM4 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: 64QAM 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.

· Reporting interval: 1ms.
· Proposal 3: the following test parameters are proposed for TM9 demodulation performance requirement for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: EVA5;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: QPSK 1/2

· Test metric: 70% relative throughput

· Duplex mode: specify the FDD and TDD requirements.
4   Reference

[1] Qualcomm Incorporated, RP-161898, “New Work Item Proposal: Requirements for single receiver UE based on Category 1 for LTE”, 3GPP TSG-RAN Meeting #73, New Orleans, USA, September 19th -22nd, 2016. 
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