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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 control requirements should be introduced for Category 1 UE with 1Rx.
2   Discussion
In the other accompanied paper, we compared the existing demodulation 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 requirements for UE category 1 with 1Rx.
2.1   PDCCH/PCFICH
There is no PDCCH/PCFICH demodulation performance requirements specified for UE DL category 0 and it was thought that PDCCH/PCFICH performance could be implicitly verified by PDSCH demodulation performance requirements. So we propose to follow the same logic.

· Proposal 1: No new PDCCH/PCFICH demodulation performance requirements will be introduced for UE category 1 with single receiver antenna.
2.2   PHICH
The following are the PHICH demodulation performance requirement for DL Category 0 UE (MTC UE), and PHICH demodulation performance requirement with 2Tx and 2Rx for Category 1 UE.

------------------------------- Text in 36.101 --------------------------------
8.9.2
PHICH

8.9.2.1
FDD and half-duplex FDD

8.9.2.1.1
Transmit diversity performance

For the parameters specified in Table 8.5.1-1 the average probability of a miss-detecting ACK for NACK (Pm-an) shall be below the specified value in Table 8.9.2.1.1-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.9.2.1.1-1: Minimum performance PHICH

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	1 
	10 MHz
	R.19
	OP.1 FDD
	EPA5
	2 x 1 Low
	0.1
	8.6
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8.5.1.2
Transmit diversity performance

8.5.1.2.1
Minimum Requirement 2 Tx Antenna Port

For the parameters specified in Table 8.5.1-1 the average probability of a miss-detecting ACK for NACK (Pm-an) shall be below the specified value in Table 8.5.1.2-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.5.1.2.1-1: Minimum performance PHICH

	Test number
	Bandwidth 
	Reference Channel
	OCNG Pattern
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	
	Pm-an (%)
	SNR (dB)

	1 
	10 MHz
	R.19
	OP.1 FDD
	EVA70
	2 x 2 Low
	0.1
	4.4

	1A
	5MHz (Note 1)
	R.19-1
	OP.1 FDD
	EVA 70
	2x2 Low
	0.1
	4

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

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

· Test metrics are the same

· Bandwidths: 10MHz

· FRC: R.19

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

· Propagation conditions: EVA70 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.
For the channel bandwidth, we do believe that such 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, R.19-1 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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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 EVA70 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.

So we propose that

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

· Bandwidths: 5MHz;

· Propagation conditions: EVA70;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: R.19-1
· Test metric: 0.1% BLER
· Duplex mode: specify the FDD and TDD requirements.
2.3   PBCH
The following is the PHICH demodulation performance requirement for DL Category 0 UE (MTC UE), and PBCH demodulation performance requirement with 2Tx and 2Rx for Category 1 UE.
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8.9.3
PBCH

8.9.3.1
FDD and half-duplex FDD

8.9.3.1.1
Transmit diversity performance

For the parameters specified in Table 8.6.1-1 the average probability of a miss-detected PBCH (Pm-bch) shall be below the specified value in Table 8.9.3.1.1-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.9.3.1.1-1: Minimum performance PBCH

	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	1
	1.4 MHz
	R.22
	EPA5
	2 x 1 Low
	1
	-1.3
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8.6.1.2
Transmit diversity performance

8.6.1.2.1
Minimum Requirement 2 Tx Antenna Port

For the parameters specified in Table 8.6.1-1 the average probability of a miss-detected PBCH (Pm-bch) shall be below the specified value in Table 8.6.1.2.1-1. The downlink physical setup is in accordance with Annex C.3.2.

Table 8.6.1.2.1-1: Minimum performance PBCH

	Test number
	Bandwidth 
	Reference Channel
	Propagation Condition
	Antenna configuration and correlation Matrix 
	Reference value

	
	
	
	
	
	Pm-bch (%)
	SNR (dB)

	1
	1.4 MHz
	R.22
	EPA5
	2 x 2 Low
	1
	-4.8
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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: 1.4MHz

· FRC: R.22
· Propagation conditions: EPA5

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

· 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.
Firstly PBCH test cannot be conducted due to limitation of procedure. Secondly PBCH only occupies the center 6PRB. The implementations for all the UE categories are almost the same given the receiver antenna number. So we propose that

· Proposal 3: Reuse the existing DL category 0 PBCH demodulation performance requirements for UE category 1 with 1Rx, except that only FDD and TDD demodulation performance requirements will be specified.
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: No new PDCCH/PCFICH demodulation performance requirements will be introduced for UE category 1 with single receiver antenna.

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

· Bandwidths: 5MHz;

· Propagation conditions: EVA70;

· Correlation matrix and antenna configuration: 2x1 Low

· FRC: R.19-1

· Test metric: 0.1% BLER

· Duplex mode: specify the FDD and TDD requirements.
· Proposal 3: Reuse the existing DL category 0 PBCH demodulation performance requirements for UE category 1 with 1Rx, except that only FDD and TDD demodulation performance requirements will be specified.
4   Reference
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