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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 CQI requirements should be introduced for Category 1 UE with 1Rx.
2   Discussion
In the other accompanied paper, we compared the existing demodulation and CSI performance requirements for UE DL category 0, DL category M-1 and category 1. We think that we could follow the existing UE DL category 0 performance requirements to specify the CSI requirements for UE category 1 with 1Rx.
2.1   CQI definition test
The following are the CQI definition performance requirement for DL Category 0 UE (MTC UE), and CQI definition performance requirement with 2Tx and 2Rx for Category 1 UE.
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9.7.1
CQI reporting definition under AWGN conditions

9.7.1.1
FDD and half-duplex FDD

The following requirements apply to UE DL Category 0. For the parameters specified in Table 9.7.1.1-1, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2, the reported CQI value according to RC.16 FDD in Table A.4-1 shall be in the range of ±1 of the reported median more than 90% of the time. 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.
Table 9.7.1.1-1: PUCCH 1-0 static test (FDD and half-duplex FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 1)

	SNR (Note 2)
	dB
	0
	1
	6
	7
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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 = 40

	cqi-pmi-ConfigurationIndex
	
	41

	Note 1:
Reference measurement channel RC.16 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/OP.2 FDD as described in Annex A.5.1.1/A.5.1.2.

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.
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9.2.1
Minimum requirement PUCCH 1-0 (Cell-Specific Reference Symbols)
9.2.1.1
FDD

The following requirements apply to UE Category ≥1. For the parameters specified in Table 9.2.1.1-1 and Table 9.2.1.1-2, and using the downlink physical channels specified in tables C.3.2-1 and C.3.2-2, the reported CQI value according to RC.1 FDD / RC.14 FDD in Table A.4-1 shall be in the range of ±1 of the reported median more than 90% of the time. 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.
The applicability of the requirement with 5MHz bandwidth as specificed in Table 9.2.1.1-2 is defined in 9.1.1.1.
Table 9.2.1.1-1: PUCCH 1-0 static test (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	0

	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	0
	1
	6
	7
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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 = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:
Reference measurement channel RC.1 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1, except for category 1 UE use RC.4 FDD with two sided dynamic OCNG Pattern OP.2 FDD as described in Annex A.5.1.2.

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.


Table 9.2.1.1-2: PUCCH 1-0 static test (FDD 5MHz)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	5

	PDSCH transmission mode
	
	1

	Downlink power allocation
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	Propagation condition and antenna configuration
	
	AWGN (1 x 2)

	SNR (Note 2)
	dB
	[0]
	[1]
	[6]
	[7]
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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 = 5

	cqi-pmi-ConfigurationIndex
	
	6

	Note 1:
Reference measurement channel RC.14 FDD according to Table A.4-1 with one sided dynamic OCNG Pattern OP.1 FDD as described in Annex A.5.1.1, except for category 1 UE use RC.4 FDD with two sided dynamic OCNG Pattern OP.2 FDD as described in Annex A.5.1.2.

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.
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It can be observed that 

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

· Test metrics and test points are the same

· Bandwidths: 10MHz

· Propagation condition: AWGN

· Reporting mode: PUCCH 1-0

· Transmission  mode: TM1
· Observation 2: the differences between the requirements of existing MTC PHICH and Category 1 UE with 2Rx are 

· Antenna configuration: 1x2 is used for category 1 UE while 1x1 is used for DL category 0 UE

· FRC: RC.1 for category 1 UE while RC.16 for DL category 0 UE
· Periodicity: Npd = 5 for category 1 UE while Npd = 40 for DL category 0 UE
· Duplex modes: No HD-FDD requirement is specified for category 1 UE.
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. 

And for 25PRB, i.e., 5MHz, RC.14 FDD for Band 31 can be used as FRC. So it would be feasible to pick 5MHz as bandwidth for the new requirement.
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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 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.

For periodicity, since there is no limitation to use the same requirements for both HD-FDD and FDD, we can use Npd = 5 as periodicity.

So we propose that

· Proposal 1: the following test parameters are proposed for CQI definition test for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: AWGN;

· Antenna configuration: 1x1
· FRC: RC.14 for FDD and TBD for TDD
· Test metric and test points: BLER criterion at 0/1dB and 6/7dB, and distribution
· Periodicity: Npd = 5

· Reporting mode: PUCCH 1-0

· Transmission  mode: TM1
· Duplex mode: specify the FDD and TDD requirements.
2.2   CQI fading test
The following are the CQI fading test for DL Category 0 UE (MTC UE), and for Category 1 UE with 2Tx and 2Rx.
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9.7.2.1
FDD and half-duplex FDD

For the parameters specified in Table 9.7.2.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.7.2.1-2 and by the following 

a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;

b)
the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;

c)
when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05. 

The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD and in each available downlink transmission instance for half-duplex FDD.

Table 9.7.2.1-1 Sub-band test for single antenna transmission (FDD and half-duplex FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	dB[mW/15kHz]
	-98
	-98

	Propagation channel
	
	Clause B.2.4 with [image: image17.wmf]45
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	Antenna configuration
	
	1 x 1

	Reporting interval
	ms
	8

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	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 subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.16 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

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.



Table 9.7.2.1-2 Minimum requirement (FDD and half-duplex FDD)

	
	Test 1
	Test 2

	 [%]
	2
	2

	 [%]
	55
	55

	 
	1.1
	1.1

	UE DL Category
	0
	0
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9.3.1.1
Minimum requirement PUSCH 3-0 (Cell-Specific Reference Symbols)
9.3.1.1.1
FDD

For the parameters specified in Table 9.3.1.1.1-1, and using the downlink physical channels specified in Annex C.3.2, the minimum requirements are specified in Table 9.3.1.1.1-2 and by the following 

a)
a sub-band differential CQI offset level of 0 shall be reported at least  % of the time but less than % for each sub-band;

b)
the ratio of the throughput obtained when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS and that obtained when transmitting the TBS indicated by the reported wideband CQI median on a randomly selected sub-band in set S shall be ≥ ;

c)
when transmitting on a randomly selected sub-band among the sub-bands with the highest differential CQI offset level the corresponding TBS, the average BLER for the indicated transport formats shall be greater or equal to 0.05. 

The requirements only apply for sub-bands of full size and the random scheduling across the sub-bands is done by selecting a new sub-band in each TTI for FDD, each available downlink transmission instance for TDD.

Table 9.3.1.1.1-1 Sub-band test for single antenna transmission (FDD)

	Parameter
	Unit
	Test 1
	Test 2

	Bandwidth
	MHz
	10 MHz

	Transmission mode
	
	1 (port 0)

	Downlink power allocation
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	dB[mW/15kHz]
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	Propagation channel
	
	Clause B.2.4 with 
[image: image23.wmf]45

.

0

=

d

t

s, a = 1, 
[image: image24.wmf]5

=

D

f

Hz

	Antenna configuration
	
	1 x 2

	Reporting interval
	ms
	5

	CQI delay
	ms
	8

	Reporting mode
	
	PUSCH 3-0

	Sub-band size
	RB
	6 (full size)

	Max number of HARQ transmissions
	
	1

	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 subband or wideband CQI cannot be applied at the eNB downlink before SF#(n+4)

Note 2:
Reference measurement channel RC.3 FDD according to Table A.4-1 with one/two sided dynamic OCNG Pattern OP.1/2 FDD as described in Annex A.5.1.1/2.

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.



Table 9.3.1.1.1-2 Minimum requirement (FDD)

	
	Test 1
	Test 2

	 [%]
	2
	2

	 [%]
	55
	55

	 
	1.1
	1.1

	UE Category
	≥1
	≥1
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It can be observed that 

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

· Test metrics are the same

· Bandwidths: 10MHz

· Propagation conditions: two-path channel
· Reporting mode: PUSCH 3-0

· Transmission  mode: TM1
· Observation 4: the differences between the requirements of existing MTC TM4 and Category 1 UE with 2Rx are 

· FRC: RC.3 for category 1 UE while RC.16 for DL category 0 UE
· Antenna configuration: 2x2 is used for category 1 UE while 1x1 Low is used for DL category 0 UE

· Reporting interval: 5ms for category 1 UE, while 8ms for DL category 0 UE

· Test points: 1dB difference

· Duplex modes: No HD-FDD requirement is specified for category 1 UE.
For the bandwidth, since most proposed requirements use 5MHz, we propose to use 5MHz for CQI fading test and correspondingly the subband size should be changed, and new FRC would be needed.  Since there is no limitation to reuse the same requirements for both HD-FDD and FDD, we can use 5ms as periodicity for FDD.
For the test metrics and other parameters, we can try to reuse the same values as much as possible from the existing DL category 0 requirements. So we propose that

· Proposal 2: the following test parameters are proposed for CQI fading test for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: Clause B.2.4 with [image: image25.wmf]45
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· Antenna configuration: 1x1

· FRC: TBD (for 5MHz)
· Test metric: reusing throughput gain, distribution and BLER criterion
· Test points: TBD

· Periodicity: 5ms
· Reporting mode: PUSCH 3-0

· Transmission  mode: TM1
· Duplex mode: specify the FDD and TDD requirements.
3   Conclusion
In this contribution, we discuss the new CQI performance requirements for UE category 1 with single receiver antenna. We have the following proposals.
· Proposal 1: the following test parameters are proposed for CQI definition test for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: AWGN;

· Antenna configuration: 1x1

· FRC: RC.14 for FDD and TBD for TDD

· Test metric and test points: BLER criterion at 0/1dB and 6/7dB, and distribution

· Periodicity: Npd = 5

· Reporting mode: PUCCH 1-0

· Transmission  mode: TM1
· Duplex mode: specify the FDD and TDD requirements.
· Proposal 2: the following test parameters are proposed for CQI fading test for UE category 1 with single receiver antenna

· Bandwidths: 5MHz;

· Propagation conditions: Clause B.2.4 with [image: image27.wmf]45
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· Antenna configuration: 1x1

· FRC: TBD (for 5MHz)

· Test metric: reusing throughput gain, distribution and BLER criterion

· Test points: TBD

· Periodicity: 5ms

· Reporting mode: PUSCH 3-0

· Transmission  mode: TM1
· Duplex mode: specify the FDD and TDD requirements.
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