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Abstract
This document provides a TP for Sections 7 (Additional duplex spacing). (pCR) 		
1.0 Introduction 
[bookmark: _GoBack]In [1], a deployment scenario is discussed for which either an additional TX/RX carrier spacing or 3DL intra-band is required to fully utilize the entire 25 MHz of DL in the proposed band plan. In this document we look at the implications of introducing an additional TX/RX carrier/duplex spacing to support all three deployment scenarios.
2.0	Additional duplex spacing 
For the AWS-3/4 frequency arrangement assuming TX-RX frequency spacings of 295MHz and 300MHz, it would require the UE to support 2DL intra-band contiguous CA with 25 MHz of aggregated DL bandwidth as shown below;
[image: ]
Figure 2-1:  TX/RX carrier spacing for the three deployment scenarios 
2.1	RF specification impacts 
In Table 5.7.4-1 of TS36.101 [7], a single default UE TX-RX frequency separation is defined for each E-UTRA band. However, the specification does not preclude more than one duplex spacing as shown below in subclause 5.7.4 [2]:
5.7.4	TX–RX frequency separation
a)	The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.7.4-1 for the TX and RX channel bandwidths defined in Table 5.6.1-1
Table 5.7.4-1: Default UE TX-RX frequency separation
	E-UTRA Operating Band
	TX – RX carrier centre 
frequency separation

	1
	190 MHz

	….
	….


b)	The use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.
Similar text can be found in the UTRA FDD specification for both the UE (TS 25.101) and BS (TS 25.104) in subclause 5.7.4 as shown below: 

5.7.4	TX–RX frequency separation
b)	UTRA/FDD can support both fixed and variable transmit to receive frequency separation.
c)	The use of other transmit to receive frequency separations in existing or other frequency bands shall not be precluded.

Therefore, for AWS-3/4 frequency arrangement, TX-RX frequency spacings of 295MHz and 300MHz would need to be added to Table 5.7.4-1 of E-UTRA UE specifications TS36.101 [7] and are in-line with the guidance given in the specification that “the use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.” 
2.2	RF performance perspective 
From the UE implementation point of view protection of own receiver from own transmitter sets the requirements in order to produce sufficient attenuation in the DL RX band. The proposed AWS-3/4 band plan has a large 285 MHz duplex gap and therefore the performance differences between the two TX/RX carrier/duplex spacing are expected to be insignificant.   In this case of the AWS-3/4 band the 285MHz duplex gap and the maximum 15 MHz TX channel bandwidth would mitigate any RF self-interference issues so that both the inner and outer duplexed channels will have the same reception and transmission performance requirements.  This means the minimum performance requirements for the band can remain consistent regardless of the TX/RX frequency or duplex spacing choice. 
2.3	UE Architecture perspective 
From [2] we note “Even though there are two duplex spacings, one duplexer covers the whole DL spectrum. There is no need to modify the baseband, mixer, LO, PA, and RF front-end. Supporting the additional duplex spacing can be done by software, which provides tuning control to the RX LO.”
Supporting more than one duplex spacing in a band would be a proactive 3GPP feature, which offers needed flexibility to operators, as more “unconventional” spectrum (unpaired FDD, impaired spectrum and etc.) is being made available for LTE.  For example, the FCC will be mandating band plans with two duplex spacings if the final band plan exceeds 35+35 MHz allocation as stated in the recently published 600 MHz incentive auction Report and Order [6] as shown in Figure 2.3-1.  
[image: ]
Figure 2.3-1: US 600 MHz band plans
2.4		Signalling perspective 
In TS36.331, the signalling support of additional duplex spacing is already available [2], which is shown below in SIB2. If this field is absent, the default TX-RX frequency separation is used. If the additional duplex spacing is explicitly passed in SIB2, the additional duplex spacing is used.

SystemInformationBlockType2 information element
-- ASN1START

SystemInformationBlockType2 ::=		SEQUENCE {
	ac-BarringInfo						SEQUENCE {
		ac-BarringForEmergency				BOOLEAN,
		ac-BarringForMO-Signalling			AC-BarringConfig				OPTIONAL,	-- Need OP
		ac-BarringForMO-Data				AC-BarringConfig				OPTIONAL	-- Need OP
	}																		OPTIONAL,	-- Need OP
	radioResourceConfigCommon			RadioResourceConfigCommonSIB,
	ue-TimersAndConstants				UE-TimersAndConstants,
	freqInfo							SEQUENCE {
		ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL,	-- Need OP
		ul-Bandwidth						ENUMERATED {n6, n15, n25, n50, n75, n100}
																			OPTIONAL,	-- Need OP
		additionalSpectrumEmission			AdditionalSpectrumEmission
	},
	mbsfn-SubframeConfigList			MBSFN-SubframeConfigList			OPTIONAL, 	-- Need OR
	timeAlignmentTimerCommon			TimeAlignmentTimer,
	...,
	lateNonCriticalExtension		OCTET STRING (CONTAINING SystemInformationBlockType2-v8h0-IEs)						OPTIONAL,
	[[	ssac-BarringForMMTEL-Voice-r9		AC-BarringConfig				OPTIONAL,	-- Need OP
		ssac-BarringForMMTEL-Video-r9		AC-BarringConfig				OPTIONAL	-- Need OP
	]],
	[[	ac-BarringForCSFB-r10				AC-BarringConfig			OPTIONAL	-- Need OP
	]],
	[[	ac-BarringSkipForMMTELVoice-r12		ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringSkipForMMTELVideo-r12		ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringSkipForSMS-r12			ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringPerPLMN-List-r12			AC-BarringPerPLMN-List-r12	OPTIONAL	-- Need OP
	]]
}

SystemInformationBlockType2-v8h0-IEs ::=	SEQUENCE {
	multiBandInfoList				SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission	OPTIONAL,	-- Need OR
	nonCriticalExtension			SystemInformationBlockType2-v9e0-IEs	OPTIONAL
}

SystemInformationBlockType2-v9e0-IEs ::= SEQUENCE {
	ul-CarrierFreq-v9e0					ARFCN-ValueEUTRA-v9e0		OPTIONAL,	-- Cond ul-FreqMax
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}

AC-BarringConfig ::=				SEQUENCE {
	ac-BarringFactor					ENUMERATED {
											p00, p05, p10, p15, p20, p25, p30, p40,
											p50, p60, p70, p75, p80, p85, p90, p95},
	ac-BarringTime						ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},
	ac-BarringForSpecialAC				BIT STRING (SIZE(5))
}

MBSFN-SubframeConfigList ::= 		SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

AC-BarringPerPLMN-List-r12 ::= 		SEQUENCE (SIZE (1.. maxPLMN-r11)) OF AC-BarringPerPLMN-r12

AC-BarringPerPLMN-r12 ::=			SEQUENCE {
	plmn-IdentityIndex-r12					INTEGER (1..maxPLMN-r11),
	ac-BarringInfo-r12						SEQUENCE {
		ac-BarringForEmergency-r12			BOOLEAN,
		ac-BarringForMO-Signalling-r12		AC-BarringConfig	OPTIONAL,	-- Need OP
		ac-BarringForMO-Data-r12			AC-BarringConfig	OPTIONAL	-- Need OP
	}															OPTIONAL,	-- Need OP
	ac-BarringSkipForMMTELVoice-r12		ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringSkipForMMTELVideo-r12		ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringSkipForSMS-r12			ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringForCSFB-r12				AC-BarringConfig		OPTIONAL,	-- Need OP
	ssac-BarringForMMTEL-Voice-r12		AC-BarringConfig		OPTIONAL,	-- Need OP
	ssac-BarringForMMTEL-Video-r12		AC-BarringConfig		OPTIONAL	-- Need OP
}

-- ASN1STOP

Earlier studies on a similar topic [3-5] also confirmed the existence of the necessary signaling  (SIB2, ul-CarrierFreq) to support additional duplex spacing(s) and recommended implementation a single band plan with multiple duplex spacing, rather than multiple band plans, each with a fixed duplexing scheme [3, 5]. Therefore, from the signaling point of view, it is possible to specify two TX/RX carrier spacings for a single band as indicated in [3].
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[bookmark: _Toc431403622]7	Duplex spacings 
7.1			Introduction 
In [R4-156847], a deployment scenario is discussed for which either an additional TX/RX carrier spacing or 3DL intra-band is required to fully utilize the entire 25 MHz of DL in the proposed band plan. In this document we look at the implications of introducing an additional TX/RX carrier/duplex spacing to support all three deployment scenarios.
7.2	Additional duplex spacing 
For the AWS-3/4 frequency arrangement assuming TX-RX frequency spacings of 295MHz and 300MHz, it would require the UE to support 2DL intra-band contiguous CA with 25 MHz of aggregated DL bandwidth as shown below;
[image: ]
Figure 7.2-1:  TX/RX carrier spacing for the three deployment scenarios 
7.2.1	RF specification impacts 
In Table 5.7.4-1 of TS36.101, a single default UE TX-RX frequency separation is defined for each E-UTRA band. However, the specification does not preclude more than one duplex spacing as shown below in subclause 5.7.4 [R4-155587]:
5.7.4	TX–RX frequency separation
a)	The default E-UTRA TX channel (carrier centre frequency) to RX channel (carrier centre frequency) separation is specified in Table 5.7.4-1 for the TX and RX channel bandwidths defined in Table 5.6.1-1
Table 5.7.4-1: Default UE TX-RX frequency separation
	E-UTRA Operating Band
	TX – RX carrier centre 
frequency separation

	1
	190 MHz

	….
	….


b)	The use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.
Similar text can be found in the UTRA FDD specification for both the UE (TS 25.101) and BS (TS 25.104) in subclause 5.7.4 as shown below: 

5.7.4	TX–RX frequency separation
b)	UTRA/FDD can support both fixed and variable transmit to receive frequency separation.
c)	The use of other transmit to receive frequency separations in existing or other frequency bands shall not be precluded.

Therefore, for AWS-3/4 frequency arrangement, TX-RX frequency spacings of 295MHz and 300MHz would need to be added to Table 5.7.4-1 of E-UTRA UE specifications TS36.101 and are in-line with the guidance given in the specification that “the use of other TX channel to RX channel carrier centre frequency separation is not precluded and is intended to form part of a later release.” 
7.2.2	RF performance perspective 
From the UE implementation point of view protection of own receiver from own transmitter sets the requirements in order to produce sufficient attenuation in the DL RX band. The proposed AWS-3/4 band plan has a large 285 MHz duplex gap and therefore the performance differences between the two TX/RX carrier/duplex spacing are expected to be insignificant. In this case of the AWS-3/4 band the 285MHz duplex gap and the maximum 15 MHz TX channel bandwidth would mitigate any RF self-interference issues so that both the inner and outer duplexed channels will have the same reception and transmission performance requirements.  This means the minimum performance requirements for the band can remain consistent regardless of the TX/RX frequency or duplex spacing choice. 
7.2.3	UE Architecture perspective 
From [R4-155587] we note “Even though there are two duplex spacings, one duplexer covers the whole DL spectrum. There is no need to modify the baseband, mixer, LO, PA, and RF front-end. Supporting the additional duplex spacing can be done by software, which provides tuning control to the RX LO.”
Supporting more than one duplex spacing in a band would be a proactive 3GPP feature, which offers needed flexibility to operators, as more “unconventional” spectrum (unpaired FDD, impaired spectrum and etc.) is being made available for LTE.  For example, the FCC will be mandating band plans with two duplex spacings if the final band plan exceeds 35+35 MHz allocation as stated in the recently published 600 MHz incentive auction Report and Order [FCC Incentive Auction Report and Order, May 2014] as shown in Figure 7.2.3-1.  
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Figure 7.2.1-1: US 600 MHz band plans
7.2.4		Signalling perspective 
In TS36.331, the signalling support of additional duplex spacing is already available [R4-155587], which is shown below in SIB2. If this field is absent, the default TX-RX frequency separation is used. If the additional duplex spacing is explicitly passed in SIB2, the additional duplex spacing is used.

SystemInformationBlockType2 rmation element
-- ASN1STA

SystemInformationBlockType2 ::=		SEQUENCE {
	ac-BarringInfo						SEQUENCE {
		ac-BarringForEmergency				BOOLEAN,
		ac-BarringForMO-Signalling			AC-BarringConfig				OPTIONAL,	-- Need OP
		ac-BarringForMO-Data				AC-BarringConfig				OPTIONAL	-- Need OP
	}																		OPTIONAL,	-- Need OP
	radioResourceConfigCommon			RadioResourceConfigCommonSIB,
	ue-TimersAndConstants				UE-TimersAndConstants,
	freqInfo							SEQUENCE {
		ul-CarrierFreq						ARFCN-ValueEUTRA				OPTIONAL,	-- Need OP
		ul-Bandwidth						ENUMERATED {n6, n15, n25, n50, n75, n100}
																			OPTIONAL,	-- Need OP
		additionalSpectrumEmission			AdditionalSpectrumEmission
	},
	mbsfn-SubframeConfigList			MBSFN-SubframeConfigList			OPTIONAL, 	-- Need OR
	timeAlignmentTimerCommon			TimeAlignmentTimer,
	...,
	lateNonCriticalExtension		OCTET STRING (CONTAINING SystemInformationBlockType2-v8h0-IEs)						OPTIONAL,
	[[	ssac-BarringForMMTEL-Voice-r9		AC-BarringConfig				OPTIONAL,	-- Need OP
		ssac-BarringForMMTEL-Video-r9		AC-BarringConfig				OPTIONAL	-- Need OP
	]],
	[[	ac-BarringForCSFB-r10				AC-BarringConfig			OPTIONAL	-- Need OP
	]],
	[[	ac-BarringSkipForMMTELVoice-r12		ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringSkipForMMTELVideo-r12		ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringSkipForSMS-r12			ENUMERATED {true}			OPTIONAL,	 -- Need OP
		ac-BarringPerPLMN-List-r12			AC-BarringPerPLMN-List-r12	OPTIONAL	-- Need OP
	]]
}

SystemInformationBlockType2-v8h0-IEs ::=	SEQUENCE {
	multiBandInfoList				SEQUENCE (SIZE (1..maxMultiBands)) OF AdditionalSpectrumEmission	OPTIONAL,	-- Need OR
	nonCriticalExtension			SystemInformationBlockType2-v9e0-IEs	OPTIONAL
}

SystemInformationBlockType2-v9e0-IEs ::= SEQUENCE {
	ul-CarrierFreq-v9e0					ARFCN-ValueEUTRA-v9e0		OPTIONAL,	-- Cond ul-FreqMax
	nonCriticalExtension				SEQUENCE {}					OPTIONAL
}

AC-BarringConfig ::=				SEQUENCE {
	ac-BarringFactor					ENUMERATED {
											p00, p05, p10, p15, p20, p25, p30, p40,
											p50, p60, p70, p75, p80, p85, p90, p95},
	ac-BarringTime						ENUMERATED {s4, s8, s16, s32, s64, s128, s256, s512},
	ac-BarringForSpecialAC				BIT STRING (SIZE(5))
}

MBSFN-SubframeConfigList ::= 		SEQUENCE (SIZE (1..maxMBSFN-Allocations)) OF MBSFN-SubframeConfig

AC-BarringPerPLMN-List-r12 ::= 		SEQUENCE (SIZE (1.. maxPLMN-r11)) OF AC-BarringPerPLMN-r12

AC-BarringPerPLMN-r12 ::=			SEQUENCE {
	plmn-IdentityIndex-r12					INTEGER (1..maxPLMN-r11),
	ac-BarringInfo-r12						SEQUENCE {
		ac-BarringForEmergency-r12			BOOLEAN,
		ac-BarringForMO-Signalling-r12		AC-BarringConfig	OPTIONAL,	-- Need OP
		ac-BarringForMO-Data-r12			AC-BarringConfig	OPTIONAL	-- Need OP
	}															OPTIONAL,	-- Need OP
	ac-BarringSkipForMMTELVoice-r12		ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringSkipForMMTELVideo-r12		ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringSkipForSMS-r12			ENUMERATED {true}		OPTIONAL,	-- Need OP
	ac-BarringForCSFB-r12				AC-BarringConfig		OPTIONAL,	-- Need OP
	ssac-BarringForMMTEL-Voice-r12		AC-BarringConfig		OPTIONAL,	-- Need OP
	ssac-BarringForMMTEL-Video-r12		AC-BarringConfig		OPTIONAL	-- Need OP
}

-- ASN1STOP

Earlier studies on a similar topic [R4-102412, R4-102574, R4-102413] also confirmed the existence of the necessary signaling  (SIB2, ul-CarrierFreq) to support additional duplex spacing(s) and recommended implementation a single band plan with multiple duplex spacing, rather than multiple band plans, each with a fixed duplexing scheme [R4-102412, R4-102574]. Therefore, from the signaling point of view, it is possible to specify two TX/RX carrier spacings for a single band as indicated in [R4-102412].
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