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1
Introduction

The work item (WI) for Release‑12 intra-band non-contiguous carrier aggregation (CA) in Band 2 was approved in 3GPP RAN#58 [1]. This WI is referred to as LTE_CA_NC_B2.  A study was performed of the technical specification (TS) documents applicable for revision in order to introduce this new CA scenario.  This study also included a review of technical documents, which have been presented previously for comparable CA scenarios.  A skeleton technical report TR 36.833-2-07 v0.0.1 were submitted and approved in RAN4 #70 [2]. 
2
Discussion
The proposed intra-band non-contiguous carrier aggregation in Band 2 (CA_2A-2A) involves aggregating two downlink component carriers (CCs) with the maximum aggregation bandwidth not exceeding 20 MHz.  Since the proposed configuration is DL only CA and only a single UL CC is used, many transmitter and receiver characteristics can be taken from generic intra-band NC CA work item. 
3
Conclusion
In this contribution we propose re-arranging the sections and then address different sections of CA_2A-2A TR. 
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3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. 
A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

3.2
Symbols

For the purposes of the present document, the following symbols apply:

FDL_high
The highest frequency of the downlink operating band

FDL_low
The lowest frequency of the downlink operating band

f_high
The highest frequency

f_low
The lowest frequency

FUL_high
The highest frequency of the uplink operating band

FUL_low
The lowest frequency of the uplink operating band

Wgap
Sub-block gap size
ΔRIBNC
Allowed reference sensitivity relaxation due to support for intra-band non-contiguous CA operation


3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

CA_2-2
Intra-band non-contiguous CA in Band 2

CA_2A-2A
Intra-band non-contiguous CA in Band 2

DL
Downlink

FDD
Frequency Division Duplex

IMD
Intermodulation

PCC
Primary Component Carrier

REFSENS
Reference Sensitivity power level

UL
Uplink


4
Background
The work item on intra-band non-contiguous Carrier Aggregation in Band 2 (LTE_CA_NC_B2) was approved in [9]. Its scope includes DL carrier aggregation with 1 UL. 
4.1
Task Descriptions
The objectives of this work item are the following [9]:

· Specify the band specific RF requirements for Band 2 intra-band non-contiguous carrier aggregation with one active uplink (2DL/1UL), i.e. CA_2A-2A

· Specify carrier aggregation configuration and finalize the non-contiguous intra-band downlink CA requirements for the following band combinations (Note: only one uplink is considered at a time):

	Bandwidth Combination Sets for the Band 2 and Band 2

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

	CA_B2-B2
	2
	
	
	Yes
	Yes
	Yes
	Yes

	
	2
	
	
	Yes
	Yes
	Yes
	Yes


· Add conformance tests in RAN5 specifications (to follow)


5
Band and Channel Arrangements

5.1
CA operating bands
CA_2A-2A is defined to operate in the entire frequency range of Band 7, as defined in Table 5.1-1.

Table 5.1-1: Intra-band non-contiguous CA operating band definition in Band 2
	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_2-2
	2
	1850 MHz
	–
	1910 MHz
	1930 MHz
	–
	1990 MHz
	FDD


5.2
CA channel bandwidth

The supported E-UTRA bandwidths for CA_2A-2A are shown in Table 5.2-1.

Table 5.2-1: Supported E-UTRA bandwidths for intra-band non-contiguous CA in Band 2

	E-UTRA CA configuration / Bandwidth combination set

	E-UTRACA configuration
	Component carriers in order of increasing carrier frequency
	Maximum aggregated 
bandwidth [MHz]
	Bandwidth combination set

	
	Allowed channel bandwidths for carrier [MHz]
	Allowed channel bandwidths for carrier [MHz]
	
	

	CA_2A-2A
	5, 10, 15, 20
	5, 10, 15, 20
	40
	0


6
E-UTRA RF requirements for UE

6.1
Transmitter Characteristics
CA_2-2 operates at 1850-1910 MHz for UL and 1930-1990 MHz for DL. Assuming UE transmitting in the whole range of 1850-1910 MHz, the 2nd and 3rd order of harmonics, 2nd, 3rd, 5th, and 7th order IMD are calculated and shown in the Table 6.1.1-1.

Table 6.1.1-1: CA_2-2 UL harmonics and IMD

	Harmonics and IMD
	Frequency range in MHz
	Falling into RX band?

	2nd harmonics
	3700 ~ 3820
	No

	3rd harmonics
	5550 ~ 5730
	No

	2nd order IMD (f1-f2)
	-60 ~ 60
	No

	3rd order IMD (2f1-f2)
	1790 ~ 1970
	Yes

	5th order IMD (3f1-2f2)
	1730 ~ 2030
	Yes

	5th order IMD (4f1-f2)
	5490 ~ 5790
	No

	7th order IMD (4f1-3f2)
	1670 ~ 2090
	Yes

	7th order IMD (5f1-2f2)
	5430 ~ 5850
	No


The UE RX band is 1930~1990 MHz. From the above table, it can be seen that the 2nd and 3rd order harmonics do not fall into the UE receive band. However, the 3rd, 5th, and 7th order IMD components overlap with the UE RX band. So, there are certain IMD issues for intra-band non-contiguous CA_2 UE. However, note that, for CA specific intermodulation products, more than one aggregated carrier is required. 

There is no harmonics and IMD issue for intra-band non-contiguous CA_2 UE which supports 1UL.
6.2
Receiver Characteristics



7
E-UTRA RF requirements for BS
7.1
Co-existence studies for 1 UL/2 DL
The 2nd and 3rd order harmonics and IMD products caused in the BS by transmitting of Band 2 non-contiguous DL carriers can be calculated as shown in Table 7.1-1 below:

Table 7.1-1: Band 2 non-contiguous DL harmonics and IMD products

	BS DL carriers
	f-low
	f-high

	DL frequency (MHz)
	1930
	1990

	
	
	

	2nd harmonics frequency limits (MHz)
	3860
	3980

	3rd harmonics frequency limits (MHz)
	5790
	5970

	
	
	

	2nd order IMD products 
	(f-low – f-high)
	(f-high – f-low)

	IMD frequency limits (MHz)
	-60
	60

	
	
	

	3rd order IMD products 
	(2*f-low –f-high)
	(2*f-high –f-low)

	IMD frequency limits (MHz)
	1870
	2050


It can be seen from Table 7.1-1 that the 2nd and 3rd harmonics as well as the 2nd IMD products of BS transmitting non-contiguous carriers in Band 2 do not fall into the BS receive band of any operating band, while the 3rd IMD products of BS supporting non-contiguous carrier aggregation of Band 2 may fall into the BS receive band of Bands 1, 2, 23, 25, 33, 34, 35, 36, 37 and 39. Note that the calculation in Table 7.1-1 assumes the BS is transmitting with the whole 60 MHz DL frequency of Band 2.

Assume that the 2 non-contiguous CC transmitted by the Band 2 BS are a and b MHz channel bandwidth and c and d MHz from the edges of Band 2 DL frequency band as shown in Figure 8.1-1 below:


[image: image1]
Figure 7.1-1: Non-contiguous CC transmitted by the Band 2 BS
And the corresponding BS receive blocks are as shown in Figure 8.1-2 below:


[image: image2]
Figure 7.1-2: Non-contiguous CC received by the Band 2 BS
Then the 3rd order IMD products caused in the BS by transmitting of the 2 CC can be calculated as shown in Table 8.1-2 below:
Table 7.1-2: Band 2 BS DL 3rd order IMD products

	3rd order IMD products
	IMD frequency limits (MHz)

	(2*f1-low – f2-high)
	1870 + 2*c + d

	(2*f1-high – f2-low)
	1870 + 2*c + d + 2*a + b

	(2*f2-low – f1-high)
	2050 – 2*d – c – 2*b – a

	(2*f2-high – f1-low)
	2050 – 2*d – c

	(f1-low – f2-high + f2-low)
	1930 + c – b

	(f1-high + f2-high – f2-low)
	1930 + c + b + a 

	(f2-low – f1-high + f1-low)
	1990 – d – a – b 

	(f2-high + f1-high – f1-low)
	1990 – d + a


Comparing the IMD frequency limits in Table 7.1-2 with the BS receive blocks in Figure 7.1-2, it can be deduced that the 3rd order IMD products caused in the BS by transmitting of the 2 CC will only fall into the BS own receive blocks of Band 2 under one of the transmit configurations shown in Table 7.1-3 below (note that a and b can only be 5, 10, 15 or 20 as stated in the WIDS):
Table 7.1-3: Band 2 BS transmit configurations with 3rd IMD within Band 2 BS own receive blocks
	1st CC channel bandwidth (a MHz)
	2nd CC channel bandwidth (b MHz)
	1st and 2nd CC position (c and d MHz)

	5
	5
	10 < c + d < 20

	5
	10
	5 < c + d < 20

	10
	5
	5 < c + d < 20

	5
	15
	0 < c + d < 20

	10
	10
	0 < c + d < 20

	15
	5
	0 < c + d < 20

	5
	20
	c + d < 20

	10
	15
	c + d < 20

	15
	10
	c + d < 20

	20
	5
	c + d < 20

	10
	20
	c + d < 20

	15
	15
	c + d < 20

	20
	10
	c + d < 20

	15
	20
	c + d < 20

	20
	15
	c + d < 20

	20
	20
	c + d < 20


Note that Bands 1, 33, 34 and 39 are not intended for use in the same geographical area as Band 2. Moreover, co-location of Band 2 transmitter and Band 35, 36 or 37 transceiver implies FDD/TDD co-location on adjacent frequencies which requires the use of certain site-engineering solutions to avoid mutual interference. Consequently, the focus here will be on the 3rd order IMD products falling into Bands 2, 23 and 25.
With the performances of the current BS antenna system, transmit and receive path components, amplifiers, pre-distortion algorithms and filters, it is expected that the Band 2 BS transmit filter and the Band 2, 23 or 25 BS receive filter would not be able to provide substantial attenuation to reduce the IMD interference generated within the Band 2, 23 or 25 BS receive band to well below the receiver noise floor to prevent receiver desensitization, as there is not a large frequency gap between Band 2 DL and Band 2, 23 or 25 UL.
Therefore, it is recommended that Band 2 BS transmitters supporting non-contiguous CA should not share the same antenna with other Band 2, 23 or 25 BS receiver, or the own Band 2 BS receiver if the BS transmit configurations shown in Table 8.1-3 are used, in order to not to cause Band 2, 23 or 25 BS receiver desensitization. Note that antenna sharing may be allowed as the state-of-the-art continues to evolve in the future.

8
E-UTRA RRM  requirements UE

It is concluded that no change to UE RRM specifications is required.
9
Summary of required changes to E-UTRA specifications

9.1
Required changes to TS36.101

Required changes to TS 36.101 are shown in Table 9.1-1.

Table 9.1-1: Required changes to TS 36.101

	Section
	Requirement
	Required changes to TS 36.101

	5.5A
	Operating bands for CA
	A new row is to be added to Table 5.5A-3 in which requirement of CA_2A-2A operating band is provided.

	5.6A.1
	Channel bandwidths per operating band for CA
	A new row is to be added to Table 5.6A.1-3 in which requirement of CA_2A-2A supported E-UTRA bandwidths is provided.

	7.3.1A
	Minimum requirements (QPSK) for CA
	A new row is to be added to Table 7.3.1A-3 in which requirement of CA_2A-2A uplink configuration for reference sensitivity is provided.  


9.2
Required changes to TS36.104

Required changes to TS 36.104 are shown in Table 9.2-1.

Table 9.2-1: Required changes to TS 36.104
	Section
	Requirement
	Required Changes to TS 36.104

	5.5
	Operating bands
	A new row is to be added to Table 5.5-4 in which requirement of CA_2A-2A carrier aggregation band is provided.


9.3
Required changes to TS36.133

No change is required to TS 36.133.

9.4
Required changes to TS36.141

Required changes to TS 36.141 are shown in Table 9.4-1.

Table 9.4-1: Required changes to TS 36.141
	Section
	Requirement
	Required Changes to TS 36.141

	5.5
	Operating bands
	A new row is to be added to Table 5.5-4 in which requirement of CA_2A-2A carrier aggregation band is provided. 


9.5
Required changes to TS36.307

Required changes to TS 36.307 are shown in Table 9.5-1.

Table 9.5-1: Required changes to TS 36.307
	Section
	Requirement
	Required Changes to TS 36.307

	TBD
	CA configuration CA_2A-2A  Independent of Release
	A chapter is to be added in which CA_2A-2A requirement on User Equipments supporting a release-independent frequency band is provided for Rel-11 upwards.


9.6
Required changes to TS37.104

No change is required to TS 37.104.
9.7
Required changes to TS37.141

No change is required to TS 37.141.
11
Project Plan

<< End of changed sections >>
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