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1. Introduction

The L-band for Europe is a new band to be used as supplemental downlink (SDL) for both UTRA and E-UTRA.  While the work item as originally approved [1] defined the frequency range from 1452 - 1492 MHz, in the RAN4 #68bis meeting it was agreed [2] [3] that the frequency range would be extended to span 1452 - 1496 MHz but optimizing the filter design for the original range.  In this contribution, additional filter simulation results for this band are presented and a proposal for the reference sensitivity is provided.

2. Discussion

Rx filter insertion loss

In [2] and [3], filter simulation results from two vendors were provided to justify that extending the frequency range of the L-band by 4 MHz would have at most 0.5 dB impact on the insertion loss of a filter optimized for the original frequency range.  Independent simulation results recently have revealed that in fact, the insertion loss penalty may be negligible.  One filter vendor indicated that there would be no insertion loss impact whereas a second filter vendor indicated that the impact would be 0.1 dB over the extended frequency range.  The results are summarized in Table 1 below, where vendor A and B come from [3] and [2], and vendors C and D are new data presented in this contribution.
Table 1.  Summary of insertion loss simulation data for L-band SDL Rx filter

	
	1452 - 1492 MHz
	1452 - 1496 MHz
	Increased IL

	Vendor A [3]
	2.8 dB
	3.3 dB
	0.5 dB

	Vendor B [2]
	2.4 dB
	2.8 dB
	0.4 dB

	Vendor C
	2.0 dB
	2.0 dB
	0 dB

	Vendor D
	2.5 dB
	2.6 dB
	0.1 dB


Rx filter blocker attenuation

As described in [2] and [3], for a filter optimized for the original frequency range, there is no impact in blocking performance when extending the band by 4 MHz.  Since no additional blocking requirements have been identified for this band, the insertion loss values provided above correspond to filter designs which do not have a specific close-in attenuation requirement.  Of course, it is required that the standard ACS, in-band, out-of-band, and narrowband blocking requirements will apply.

Reference sensitivity

Reference sensitivity is impacted by transmitter noise and front-end insertion loss among other factors.  For the L-band SDL, the transmitter is in a different band.  Isolation is provided by the duplexer in the uplink band as well as the diplexer.  For the E-UTRA, when aggregated with Band 20, it is anticipated that transmitter noise can be neglected for reference sensitivity.  The Rx passband insertion loss when averaged among the four vendor inputs is 2.4 dB over the range 1452 - 1492 MHz and 2.7 dB over the range 1452 - 1496 MHz.  Compared to a common Band 1 duplexer which may have an insertion loss of 2 dB, this filter exhibits an additional insertion loss of 0.4 to 0.7 dB.  
Thus, we propose a reference sensitivity that is 0.5 dB degraded compared to Band 1 for the range 1452 - 1492 MHz to account for the larger insertion loss of this filter.  Note that we propose reference sensitivity as a tentative value in square brackets pending confirmation that there will not be an additional close-in attenuation requirement for the filter.

For a carrier that overlaps the extended 4 MHz of the band, it was proposed [2] and [3] that the reference sensitivity be relaxed by 0.5 dB.  Based on the additional filter simulation data provided in this contribution, it can be seen that the average increase in worst case insertion loss over the extended 4 MHz of the band averages to 0.25 dB.  Thus, it may be possible to relax the reference sensitivity by 0.25 dB for a carrier which overlaps the 4 MHz extension.  Alternatively, it may be possible to ignore the additional insertion loss at the band edge and maintain a constant reference sensitivity across the band.  As a tentative measure, we propose to an additional 0.25 dB relaxation to reference sensitivity for a carrier that extends into the extended 4 MHz of the band.
Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	-98
	-95
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_4A-29A
	4
	
	
	-100
	-97
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_23A-29A
	23
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	29
	
	-98.7
	-97
	-94
	
	
	

	CA_20A-LA
	20
	
	
	-97
	-94
	
	
	FDD

	
	L
	
	
	[-99.5]4
	[-96.5] 4
	[-94.7] 4
	[-93.5] 4
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port
NOTE 4:  4 indicates that the requirement is modified +[0.25 dB] when the assigned component carrier is partially or completely within 1492 – 1496 MHz.


Table 7.3.1A-0e: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_4A-29A
	4
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_23A-29A
	23
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_20A-LA
	20
	
	
	20
	201
	
	
	FDD

	
	L
	
	
	N/A
	N/A
	N/A
	N/A
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 




3. Conclusion
In this contribution, additional filter data is provided to understand the impact of extending the band by 4 MHz and to determine the appropriate reference sensitivity specification.  Based on this data with the understanding that no specific close-in attenuation requirements will be imposed on the filter due to adjacent channel blockers, we propose a reference sensitivity value that is 0.5 dB relaxed compared to Band 1.  Due to the additional insertion loss of the filter over the 4 MHz extension, we propose that the reference sensitivity be relaxed by an additional 0.25 dB for carriers which overlap the extension.
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9.2.1
Rx filter insertion loss

Filter simulation results from two vendors were provided to justify that extending the frequency range of the L-band by 4 MHz would have at most 0.5 dB impact on the insertion loss of a filter optimized for the original frequency range.  Independent simulation results recently have revealed that in fact, the insertion loss penalty may be negligible.  One filter vendor indicated that there would be no insertion loss impact whereas a second filter vendor indicated that the impact would be 0.1 dB over the extended frequency range.  The results are summarized in Table 1 below.

Table 1.  Summary of insertion loss simulation data for L-band SDL Rx filter

	
	1452 - 1492 MHz
	1452 - 1496 MHz
	Increased IL

	Vendor A
	2.8 dB
	3.3 dB
	0.5 dB

	Vendor B
	2.4 dB
	2.8 dB
	0.4 dB

	Vendor C
	2.0 dB
	2.0 dB
	0 dB

	Vendor D
	2.5 dB
	2.6 dB
	0.1 dB


9.2.2
Rx blocker attenuation

For a filter optimized for the original frequency range, there is no impact in blocking performance when extending the band by 4 MHz.  Since no additional blocking requirements have been identified for this band, the insertion loss values provided above correspond to filter designs which do not have a specific close-in attenuation requirement.  Of course, it is required that the standard ACS, in-band, out-of-band, and narrowband blocking requirements will apply.

9.2.3
Reference sensitivity
Reference sensitivity is impacted by transmitter noise and front-end insertion loss among other factors.  For the L-band SDL, the transmitter is in a different band.  Isolation is provided by the duplexer in the uplink band as well as the diplexer.  For the E-UTRA, when aggregated with Band 20, it is anticipated that transmitter noise can be neglected for reference sensitivity.  The Rx passband insertion loss when averaged among the four vendor inputs is 2.4 dB over the range 1452 - 1492 MHz and 2.7 dB over the range 1452 - 1496 MHz.  Compared to a common Band 1 duplexer which may have an insertion loss of 2 dB, this filter exhibits an additional insertion loss of 0.4 to 0.7 dB.  

Thus, we propose a reference sensitivity that is 0.5 dB degraded compared to Band 1 for the range 1452 - 1492 MHz to account for the larger insertion loss of this filter.  Note that we propose reference sensitivity as a tentative value in square brackets pending confirmation that there will not be an additional close-in attenuation requirement for the filter.

For a carrier that overlaps the extended 4 MHz of the band, it was proposed [2] and [3] that the reference sensitivity be relaxed by 0.5 dB.  Based on the additional filter simulation data provided in this contribution, it can be seen that the average increase in worst case insertion loss over the extended 4 MHz of the band averages to 0.25 dB.  Thus, it may be possible to relax the reference sensitivity by 0.25 dB for a carrier which overlaps the 4 MHz extension.  Alternatively, it may be possible to ignore the additional insertion loss at the band edge and maintain a constant reference sensitivity across the band.  As a tentative measure, we propose to an additional 0.25 dB relaxation to reference sensitivity for a carrier that extends into the extended 4 MHz of the band.
Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	-98
	-95
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_4A-29A
	4
	
	
	-100
	-97
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_23A-29A
	23
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	29
	
	-98.7
	-97
	-94
	
	
	

	CA_20A-LA
	20
	
	
	-97
	-94
	
	
	FDD

	
	L
	
	
	[-99.5]4
	[-96.5] 4
	[-94.7] 4
	[-93.5] 4
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1

NOTE 3:
The signal power is specified per port

NOTE 4:  4 indicates that the requirement is modified +[0.25] dB when the assigned component carrier is partially or completely within 1492 – 1496 MHz.


Table 7.3.1A-0e: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_4A-29A
	4
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_23A-29A
	23
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_20A-LA
	20
	
	
	20
	201
	
	
	FDD

	
	L
	
	
	N/A
	N/A
	N/A
	N/A
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). 
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