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1 Introduction

In accordance with the LTE-A (LTE-Advanced) requirements identified in TS 36.913, wider transmission bandwidths are required to support the increasing demand for capacity.

Considerations for the inter-band carrier aggregation combination for Band 5 and Band 12, core requirements, are identified, in accordance with the CA framework categories for minimum performance specifications.
With these considerations a TP (Text Proposal) for the related core requirements, is included 
2 Discussion
In the spirit of leveraging commonalities across the different inter-band non-contiguous CA combinations, the CA_B5_B12 combination utilizes the directions of the CA framework [2]. The core requirements, will utilize a build-block approach, where the nature and attributes of the specific CA combination is addressed initially, with respect to the CA framework. The application of the CA framework serves as an effective template to examine and exploit the commonalities, across different CA combinations that are similar in nature, within the categories defined in the CA framework, to develop the minimum performance specifications. This approach facilitates an incremental progression of the respective core requirements, associated with the various inter-band non-contiguous CA combinations, slated for Release 11.

The core requirement considerations for the CA_B5_B12 combination cover both the UE and the BS aspects. The delineation of the core requirements, for both the UE and the BS, will serve as inputs into the associated core requirements text for inclusion in [6], [7] respectively, or in a new TR for LTE-A CA for Release 11. 
2.1 Definitions

The acronyms and definitions identified in [1] shall be followed with respect to the core requirements for CA_B5_B12. A few prominent definitions pertaining to inter-band CA, established in [3] are shown below for informational purposes.
ΔRIB,c
Allowed reference sensitivity relaxation due to support for inter-band CA operation, for serving cell c.

ΔTIB,c
Allowed maximum configured output power relaxation due to support for  inter-band CA operation, for serving cell c.
NRB_agg
Aggregated Transmission Bandwidth Configuration: The number of the aggregated RBs (Resource Blocks) within the fully allocated Aggregated Channel bandwidth.

2.2 CA framework application for CA_B5_B12 core requirement considerations
The CA framework uses a methodology, which identifies CA combination types. The CA combination types are:

· Classification – Frequency separation
· High - Low

· Low - Low

· High – High
· Sub-classification – Harmonic relationship and Inter-modulation product relevance
· Without harmonic relationship

· With harmonic relationship

· Without inter-modulation products

· With inter-modulation products
The CA_B5_B12 combination corresponds to the inter-band category A3 [2], based on the classification and sub-classification types delineated above.
The initial focus of CA_B5_B12 combination will be on the treatment of 2DL (Downlink)/1UL (Uplink) carrier aggregation. The UE shall meet the minimum requirements for CA in accordance with [3] for each component carrier, while both the downlink carriers are active. 
Receiver sensitivity degradations are likely in the following situations:
· The UE transmission and reception, with bandwidth allocations that are smaller than the transmission bandwidth configuration

· A portion of the downlink transmission bandwidth is within an uplink transmission bandwidth from the downlink centre frequency sub-carrier
The following set of considerations shall be applicable for the CA_B5_B12 combination, which is aligned with the objectives in [3] for inter-band non-contiguous CA combinations.
· The reference sensitivity targets shall be met with both downlink carriers active, and with either one of the two uplink carriers active.

· For adjacent selectivity, the single active uplink carrier shall be the opposite of the downlink carrier tested, although both the downlink carriers are active.

· For in-band blocking, the single active uplink carrier shall be the opposite of the downlink carrier tested, although both the downlink carriers are active. 

· For narrow-band blocking, the single active uplink carrier shall be the opposite of the downlink carrier tested, although both the downlink carriers are active.

· For spurious response, the single active uplink carrier shall be the opposite of the downlink carrier tested, although both the downlink carriers are active.

· For inter-modulation, the single active uplink carrier shall be the opposite of the downlink carrier tested, although both the downlink carriers are active.

· The power level of the interference signal, associated with in-band blocking, narrow band blocking, spurious response and inter-modulation, shall be increased by RIB, to compensate for the increased power of the desired signal, to preserve the same signal-to-interference ratio.
· The test tolerances specified in [4] shall be followed.

For CA_B5_B12, the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX in accordance with the direction in [3].
For CA_B5_B12, since there are no harmonics or inter-modulation products that coincide with the Rx bandwidth of either of the two bands participating the CA, additional filtering or de-sensitization impacts are not anticipated. Table 1, illustrates the frequency ranges of harmonics and inter-modulation products, resulting from CA_B5_B12.
	Order of harmonics and IM
	Frequency combination
	Frequency range
	Note

	
	
	Low freq.(MHz)
	High freq.(MHz)
	

	1
	F1 (Band5)
	824
	849
	Band5 DL : 869~894MHz

	
	F2 (Band12)
	699
	716
	Band12 DL : 729~746MHz

	2
	F1-F2
	108
	150
	

	
	2*f2
	1398
	1432
	

	
	F1+F2
	1523
	1565
	Band24 DL (1525~1559MHz)

	
	2*F1
	1648
	1698
	

	3
	2*F2-F1
	549
	608
	

	
	2*F1-F2
	932
	999
	

	
	3*F2
	2097
	2148
	Band4 DL (2110~2155MHz)

	
	2*F2+F1
	2222
	2281
	

	
	2*F1+F2
	2347
	2414
	ISM band (lower)

	
	3*F1
	2472
	2547
	ISM band (Upper)


Table 1 : Harmonics and inter-modulation frequencies from CA_B5_B12
The co-existence with Band 4/24 UE and in-device co-existence for the same WLAN (Wireless LAN) and Bluetooth channels in the 2.4 GHz band will be considered in further studies.
Any additional filtering for co-existence requirements of CA_B5_B12, with the UE in other bands that adds any insertion loss will be considered. 
For any insertion loss impacts a coarse granularity, using generic values would be introduced initially, with a finer granularity as revealed by specific simulation studies for the CA_B5_B12 combination, at ETC (Extreme Temperature Conditions), based on diplexer/quadplexer vendor information. Variations in insertion-loss across process and temperature drift are design and implementation dependent.
It is anticipated that the use of allowable relaxations in maximum output power (ΔTIB,c ), and reference sensitivity (ΔRIB ) parameters are sufficient to establish the minimum performance impacts on de-sensitization and insertion loss.
The strategies for adopting the CA_B5_B12 combination into the inter-band non-contiguous CA framework, for release 11 shall be aligned with [5]
The text proposals in the following sections for the UE and the BS are intended for inclusion in [6] and [7] or a new TR equivalent, for the CA_B5_B12 combination.

2.3 UE considerations

The aggregation of frequency carriers, in this case adopts the following considerations.

· In accordance with the inter-band CA framework categories, the CA-B5_B12 is a Category A3 inter-band CA combination.

· The Category A3, inter-band CA combination has the following attributes with respect to harmonic and inter-modulation impacts

	Band combination
	E-UTRA band number
	Frequency range category
	Harmonic impact
	Inter-modulation impact
	CA category

	CA_B5_B12
	5
	Less than 1GHz
	None
	None
	A3

	
	12
	Less than 1GHz
	
	
	


Table 2 :   CA framework category type for CA_B5_B12
	Band combination
	Band Separation (MHz)
	Separation Center (MHz)
	Band Separation/Separation Center

	CA_B5_B12
	148
	820
	0.18


Table 3 :   Band separation for CA_B5_B12
	Band combination
	CA Bandwidth Class
	Aggregated Transmission Bandwidth Configuration
	Maximum number of CC

	CA_B5_B12
	A
	NRB,agg ≤ 100
	1


Table 4 : Bandwidth class for CA_B5_B12
The following TP segments are applicable for TR 36.807 or equivalent for the UE.
**************************** Unchanged section omitted *****************************************

**************************** Start of TP for TR Section 5.5A *****************************************
5.5A
 CA Operating bands

CA operating bands will be based on the CA bands defined in Section 8 for CA intra band contiguous and non contiguous CA inter band 

As more and more deployment scenarios are agreed based on operators input derived from an operators list in Annex A those could be added on release independent manner
Table 5.5A-2: Inter band CA operating bands

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz  
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz 
	–
	894 MHz
	

	CA_5-12
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	


**************************** Unchanged section omitted *****************************************

**************************** Start of TP for TR Section 5.6.1A ****************************************

5.6.1 
Channel bandwidths per operating band
5.6.1A 
Channel bandwidths per CA operating band

CA operating band is further divided into different BW classes by using a notation which indicates to what E-UTRA band and CA channel bandwidth class it relates to. For example 

· CA_1B means E-UTRA band 1 and CA channel bandwidth class B

· In later releases new CA channel bandwidth classes can be introduced by adding new rows in Table 5.6.1-1 or Table 5.6.1-2. For example, CA_1C with 20MHz as the only allowed channel bandwidth would mean up to a 40 MHz wide Carrier aggregation for band 1.
· Notation which do not have CA channel bandwidth class indicator letter means all CA channel bandwidth classes belonging to given CA operating band. For example CA_1 includes CA_1A, CA_1B, CA_1C CA_1D, CA_1E and CA_1F.

Table 5.6.1A-2: E-UTRA CA inter band channel bandwidth combinations
	E-UTRA band / channel bandwidth

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

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	

	CA_5A-12A
	5
	
	
	
	Yes
	
	

	
	12
	
	
	
	Yes
	
	


**************************** End of TP    ****************************************

**************************** Start of TP for TR Annex B chapter 5.5A *********************************

5.5A
Operating bands for CA

E-UTRA carrier aggregation is designed to operate in the operating bands defined in Tables 5.5A-1 and 5.5A-2.
Table 5.5A-2 Inter band CA operating bands
	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	CA_1-5
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	

	CA_5-12
	5
	824 MHz
	–
	849 MHz
	869 MHz
	–
	894 MHz
	FDD

	
	12
	699 MHz
	–
	716 MHz
	729 MHz
	–
	746 MHz
	


**************************** End of TP for TR Annex B chapter 5.5A *********************************

**************************** Start of TP for TR Annex B chapter *********************************

5.6A.1
Channel bandwidths per operating band for CA

The requirements in this specification apply to the combination of CA bandwidth class and CA operating bands shown in Table 5.6A.1-1. 
Indexing letter in CA operating band acronym refers to supported CA bandwidth class. In case no CA bandwidth class is labelled acronym refers to all specified combinations of CA bandwidth class and CA operating band.

DL component carrier combinations for a given CA operating band shall be symmetrical in relation to channel centre unless stated otherwise in table 5.6A.1-1 or 5.6A.1-2.

Table 5.6A.1-2: Supported E-UTRA bandwidths per CA operating band for inter-band CA
	CA operating / channel bandwidth

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

	CA_1A-5A
	1
	
	
	FFS
	Yes
	FFS
	FFS

	
	5
	
	
	FFS
	Yes
	
	

	CA_5A-12A
	5
	
	
	
	Yes
	
	

	
	12
	
	
	
	Yes
	
	


**************************** End of TP for TR Annex B chapter *********************************
2.4 BS considerations
The aggregation of frequency carriers, in this case is relatively less challenging, since the components sizes to offset the impacts of performance parameters such as insertion loss etc. are not limited by size constraints.

The following TP segments are applicable for TR 36.808 or equivalent for the BS.
**************************** Unchanged section omitted *****************************************

**************************** Start of TP for TR Section A.3 *****************************************
A.3
Inter-band Non-Contiguous CA

Table A.3-1 Inter-band non-contiguous CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL)  band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  (MHz) –  FUL_high (MHz)
	
	FDL_low  (MHz) –  FDL_high (MHz)
	
	

	CA 1-5
	1
	1920
	–
	1980
	101)
	2110
	–
	2170
	10
	FDD

	
	5
	824
	–
	849
	101)
	869
	–
	894
	10
	

	CA_5-12
	5
	824
	–
	849
	10
	869
	–
	894
	10
	FDD

	
	12
	699
	–
	716
	10
	729
	–
	746
	10
	

	Note1:  Only one uplink component carrier is used in any of the two frequency bands at anytime
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