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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document is a technical report of the work item for LTE-Advanced Intra-band Contiguous Carrier Aggregation in Band 39 which was approved at TSG RAN #59 [3]. The report provides background, analysis of the requirements, and a list of recommended changes to the specifications.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]  3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2] ITU-R-REC-M.1036-3, "RECOMMENDATION  ITU-R  M.1036-3"
[3] RP-130293, "New WI: LTE Advanced intra-band contiguous Carrier Aggregation in Band 39"
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:
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].

4
Background
Chinese government officially announced to allocate 1880-1920 MHz to IMT TDD in 2002. Ministry of Industry and Information Technology (MIIT) of the Government of the People's Republic of China formally issued 4G (TD-LTE) commercial licences on December 4, 2013. Band 39 is one of the main commercial 4G (TD-LTE) frequencies. Operator has big interest to deploy carrier aggregation network in Band 39. 

4.1
Task description 
The objectives of this work item are as follows:

●
Specify the specific RF requirements for band 39 intra-band contiguous CA scenario 
●
Define the supported transmission bandwidths for this band combination. Currently, 20MHz channel bandwidth is used in the commercial TD-LTE network in China. In addition, 5MHz, 10MHz and 15MHz may also be used for Band 39 in the near future when more frequencies are available. 
●
Add the performance requirements for this band combination in the relevant specifications.

This WI is seen as complementary to the generic one (Carrier Aggregation for LTE) where band combination independent tasks are treated.

4.2
Spectrum and regulatory review
4.2.1
Spectrum and regulatory review in China
In 2002, Ministry of Information Industry of the People's Republic of China (MII) officially announced that 1920-1980/2110-2170MHz, 1880-1920MHz and 1755-1785/1850-1880MHz was allocated to IMT-2000 systems. 

In 2012, Ministry of Industry and Information Technology of the People's Republic of China (MIIT) announced that frequency arrangements for IMT-2000 were changed to apply for IMT (including both IMT-2000 and IMT-Advanced). Operators can upgrade their network technologies in the existing operating frequencies with the permission of MIIT.
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Figure 4.2.1-1 Spectrum allocation around 1.9GHz in China
The spectrum allocation around 1.9GHz in China is illustrated in figure 4.2-1. According to the frequency allocation, band 39 is in the middle of band 3 downlink and band 1 uplink. To avoid the FDD and TDD coexistence interference in adjacent frequencies, in November 2012, MIIT issued a notice of radio frequency and station set up requirements for IMT base station operating in 1800 and 1900MHz bands. The minimum coupling loss (MCL) between IMT FDD and TDD base station is at least 50dB. The detail regulatory unwanted emission and blocking requirements for base stations working on 1.8GHz and 1.9GHz bands are specified in table 4.2.1-1 and table 4.2.1-2. There are no regulatory UE-UE coexistence requirements. 

Table 4.2.1-1 Regulatory unwanted emission requirements of base station
	Base station
	Unwanted emission frequency range
	Maximum emission level
	Measurement bandwidth
	Detection

	IMT FDD
	1880-1920MHz
	-65dBm/path
	1MHz
	Valid values

	IMT TDD
	1920-1980MHz
	
	
	

	Note 1:
the test shall be performed with maximum number of carriers in manufacturer’s declarations.
Note 2:
the test shall be performed with appropriate frequencies in the bottom, middle and top channels of the supported frequency range of the BS.


Table 4.2.1-2 Regulatory blocking requirements of base station
	System
	Receiver frequency range 
	Interfering signal mean power
	Wanted signal mean power
	Frequency offset
	Type of interfering signal

	IMT FDD
	1920-1980MHz
	-5dBm
	PREFSENS + 6dB
	5MHz
	Same as wanted signal

	IMT TDD
	1880-1920MHz
	
	
	
	


5
Band and channel bandwidth arrangement
5.1
CA Operating bands
The CA operating band for Band 39 is defined in Table 5.1-1.

Table 5.1-1 Intra 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_39
	39
	1880MHz
	–
	1920MHz
	1880MHz
	–
	1920MHz
	TDD


5.2
CA channel bandwidth
Table 5.2-1 defines the supported E-UTRA bandwidths for intra-band contiguous CA in Band 39. 20 MHz, 15MHz, 10MHz and 5 MHz component carrier channel bandwidths are proposed to be supported in Band 39 contiguous carrier aggregation.
Table 5.2-1: E-UTRA CA configurations and bandwidth combination sets defined for intra-band contiguous CA
	E-UTRA CA configuration / Bandwidth combination set

	CA Configuration
	E-UTRA Band
	25RB+100RB

(5 MHz + 20 MHz)
	50RB+100RB

(10 MHz + 20 MHz)
	75RB+75RB (15 MHz + 15 MHz)
	75RB+100RB

(15MHz + 20 MHz)
	100RB+100RB

(20 MHz + 20 MHz)
	Maximum aggregated bandwidth

[MHz]
	Bandwidth Combination Set

	CA_39C
	39
	Yes
	Yes
	
	Yes
	
	35
	0


6
E-UTRA RF requirements for UE
6.1
Transmitter characteristics
For intra-band contiguous carrier aggregation, the UE minimum controlled output power and the transmit OFF power are specified per component carrier. The requirements for the controlled minimum output power and the transmit OFF power can be specified for 5 MHz component carrier.
6.1.1
UE maximum output power
For CA Bandwidth Class C in Band 39, the maximum output power shall not exceed the levels specified in Table 6.1.1-1.
Table 6.1.1-1: CA UE Power Class
	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_39C
	
	
	
	
	23
	+2/-2
	
	

	NOTE 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS


6.1.2
Minimum requirements for UE minimum output power
The minimum output power is defined as the mean power in one sub-frame (1 ms) for each component carrier. The minimum output power for 5 MHz component carrier shall not exceed the values specified in Table 6.1.2-1. 
Table 6.1.2-1: Minimum output power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power  / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Minimum output power
	-40 dBm

	Measurement bandwidth
	
	
	4.5 MHz
	
	
	


6.1.3
Minimum requirements for UE transmit OFF power
The transmit OFF power is defined as the mean power in a duration of at least one sub-frame (1ms) excluding any transient periods for each component carrier. The transmit OFF power for the 5 MHz component carrier shall not exceed the values specified in Table 6.1.3-1. 
Table 6.1.3-1: Transmit OFF power for intra-band contiguous CA UE
	
	Channel bandwidth / Minimum output power / measurement bandwidth

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz

	Transmit OFF power
	-50 dBm

	Measurement bandwidth
	
	
	4.5 MHz
	
	
	


6.1.4
General spectrum emission mask 

For CA Bandwidth Class C in Band 39, the power of any UE emission shall not exceed the levels specified in Table 6.1.4-1 for the specified aggregated channel bandwidth.
Table 6.1.4-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB

(24.95 MHz)
	50RB+100R
(29.9 MHz)
	75RB+100RB

(34.85 MHz)
	Measurement bandwidth

	( 0-1
	-22
	-22.5
	-23.5
	30 kHz

	( 1-5
	-10
	-10
	-10
	1 MHz

	( 5-24.95
	-13
	-13
	-13
	1 MHz

	( 24.95-29.9
	-25
	-13
	-13
	1 MHz

	( 29.9-29.95
	-25
	-25
	-13
	1 MHz

	( 29.95-34.85
	
	-25
	-13
	1 MHz

	( 34.85-34.9
	
	-25
	-25
	1 MHz

	( 34.9-39.85
	
	
	-25
	1 MHz


6.1.5
Additional spurious emission requirements 

For keeping the UE have same coexistence requirements with R8/9, the spurious emissions for CA_39C shall not exceed the level specified in table 6.1.5-1 for coexistence with protected bands.
Table 6.1.5-1 spurious emission requirements
	E-UTRA CA Configuration
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	Note

	CA_39C
	E-UTRA Band 22, 34, 40, 41, 42, 44
	FDL_low 
	- 
	FDL_high
	-50
	1
	

	
	Frequency range
	1805
	-
	1855
	[-40]
	1
	1,2

	
	Frequency range
	1855
	-
	1875
	[-15.5]
	5
	1,2,4

	
	Frequency range
	1875
	-
	1880
	[-15.5]
	5
	1,2,3,4

	NOTE 1:
The requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1-1 and Table 6.6.3.1A-1 in Ts36.101 from the edge of the aggregated channel bandwidth.
NOTE 2:
Applicable when CA_NS_07 is signalled by the network.
NOTE 3:
This requirement is applicable for carriers with aggregated channel bandwidths confined in 1885-1920 MHz 
NOTE 4:
For these adjacent bands, the emission limit could imply risk of harmful interference UE(s) operating in the protected operating band.


The mechanism to meet the emission level specified in Table 6.1.5-1 is to define CA_NS signalling and the corresponding A-MPR table.
Network signalled value "CA_NS_07"

When "CA_NS_07" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.1.5-2. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.6.3.1A-1 in TS36.101 from the edge of the aggregated channel bandwidth. 

Table 6.1.5-2: Additional requirements

	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)

	Frequency range
	1805
	-
	1855
	[-40]
	1

	Frequency range
	1855
	-
	1875
	[-15.5]
	5

	Frequency range
	1875
	-
	1880
	[-15.5]1
	5

	NOTE 1:
This requirement is applicable for carriers with aggregated channel bandwidths confined in 1885-1920 MHz.


6.1.6
A-MPR 

If the UE is configured to CA_39C and it receives IE CA_NS_07 the allowed maximum output power reduction applied to transmission on the PCC and the SCC for contiguously aggregated signals is specified in Table 6.1.6-1.

Table 6.1.6-1: Contiguous Allocation A-MPR for CA_NS_07
	CA_39C: CA_NS_07
	RBStart
	LCRB [RBs]
	A-MPR for QPSK and 16-QAM[dB]

	75 RB / 100 RB 
and 

100 RB / 75 RB 
	0 – 13
	> 0
	≤ 11

	
	14 – 50
	≤ 60
	≤ 3

	
	14 – 100 
	> 60
	≤ 7

	
	101 – 155
	> max(155 - RB_start , 0)
	≤ 2

	
	156 – 174
	> 0
	≤ 5

	50 RB / 100 RB
and

100 RB / 50 RB
	0 – 5
	> 0
	≤ 11

	
	6 – 42
	≤ 25
	≤ 3

	
	
	> 25
	≤ 6

	
	43 – 80
	> 50
	≤ 5

	
	81 – 138 
	> 20
	≤ 2

	
	139 – 149  
	> 0
	≤ 5

	25 RB / 100 RB
and

100 RB / 25 RB
	0 – 32 
	≥ 84
	≤ 6 

	
	
	< 84
	≤ 4 

	
	33 – 60 
	> 50  
	≤ 3

	
	61 – 124 
	> 20
	≤ 3


If the UE is configured to CA_39C and it receives IE CA_NS_07 the allowed maximum output power reduction applied to transmissions on the PCell and the SCell with non-contiguous resource allocation is defined as follows

A-MPR = CEIL {MA, 0.5}

Where MA is defined as follows 
MA = -16.67A + 17.50



; 0 ≤ A < 0.30
 


 






-9.00 A + 15.20


      ; 0.30  ≤ A < 0.80
-2.50 A + 10.00



; 0.80  ≤ A ≤ 1

Where A = NRB_alloc / NRB_agg
6.2
Receiver characteristics
Three subclauses in TS 36.101 (Rel-11) shall be updated for UE supporting intra-band contiguous CA in Band 39, and these subclauses cover the following aspects:

Reference sensitivity

In-band blocking 

Out-of-band blocking

Because CA Band 39 is TDD band, there is no restriction on the uplink RB allocations when defining the UE receiver characteristics, and the uplink configuration shall be specified with full RB allocation for both PCC and SCC for all supported CC combinations. All of the relative changes for CA in Band 39 are captured in sub-clause 9.1 in the present document.
7
E-UTRA RRM requirements for UE

There are no additional measurement procedures or performance requirements specifically for CA in Band 39. 
8
E-UTRA RF requirements for BS

A study of the existing technical specifications, including MSR, was conducted. The study concluded that no impact to BS RF specifications is required. Support for Band 39 CA in the BS specifications can be accommodated solely by a new entry for CA_39 in Table 5.5-2 in TS 36.104 and a new entry for CA_39 in Table 5.5-2 in TS 36.141. These changes are identified in Section 9.2 and 9.4.
9
Summary of required changes to E-UTRA specifications
9.1
Required changes to TS36.101

Required changes for CA_39 in UE RF specification TS 36.101 are shown in Table 9.1-1.
Table 9.1-1: Required changes in TS 36.101
	Section
	Requirement
	Required changes in TS 36.101

	5.5A
	Operating bands for CA
	Add a new row for CA_39C in Table 5.5A-1. 

	5.6A.1
	Channel bandwidths per operating band for CA
	Add a new row in Table 5.6A.1-1 for the supported E-UTRA bandwidths of CA_39C.

	6.2.2A
	UE Maximum Output Power for intra-band contiguous CA
	Add a new row for CA_39C in Table 6.2.2A-1. 

	6.2.3A
	UE Maximum Output power for modulation / channel bandwidth for CA
	Add a new MPR requirement for 25RB +100RB combinations in Table 6.2.3A-1

	6.2.4A
	UE Maximum Output Power with additional requirements for CA
	It is proposed to evaluate the appropriate A-MPR requirement for CA_39C, especially for protection of Band 3.

	6.3.2A
	UE Minimum output power for CA
	The minimum output power for 5 MHz component carrier shall be specified in Table 6.3.2A.1-1

	6.3.3A
	UE Transmit OFF power for CA
	The transmit off power for 5 MHz component carrier shall be specified in Table 6.3.3A.1-1

	6.6.2.1A
	Spectrum emission mask for CA
	Add a new SEM for 25RB +100RB combinations in Table 6.6.2.1A-1

	6.6.3A
	Additional spurious emission for CA_39C
	Add a new table in Section 6.6.3A for coexistence with protected bands, especially for protection of Band 3.

	7.3.1A
	Minimum requirements (QPSK) for CA
	Add a new row and a new combination in Table 7.3.1A-1 for intra-band CA uplink configuration for reference sensitivity of CA_39C.  

	7.6.1.1A
	In-band blocking for intra-band contiguous CA
	Add CA_39C in Table 7.6.1.1A-2.

	7.6.2.1A
	Out-of-band blocking for intra-band contiguous CA
	Add CA_39C in Table 7.6.2.1A-2. 


9.2
Required changes to TS36.104

Required changes in BS RF specification TS 36.104 are shown in Table 9.2-1.

Table 9.2-1: Required changes in TS 36.104

	Section
	Requirement
	Required Changes in TS 36.104

	5.5
	Operating bands
	A new row is expected to be added in Table 5.5-2 to support B39 intra-band contiguous carrier aggregation configuration. 


9.3
Required changes to TS36.133
No changes required in TS 36.133.
9.4
Required changes to TS36.141

Required changes in BS RF specification TS 36.141 are shown in Table 9.4-1.

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

	5.5
	Operating bands
	A new row is expected to be added in Table 5.5-2 to support B39 intra-band contiguous carrier aggregation configuration. 


9.5
Required changes to TS36.307

Required changes in TS 36.307 are shown in Table 9.5-1.
Table 9.5-1: Required changes in TS 36.307
	Section
	Requirement
	Required Changes in TS 36.307

	X
	Band 39 independent of release
	Add some changes to 36.307 Rel-10 and Rel-11 to provide the appropriate pointers to the Rel-12 specifications to enable backdating of CA_39 to Rel-10 and Rel-11.


9.6
Required changes to TS37.104

No changes required in TS 37.104.  
9.7
Required changes to TS37.141

No changes required in TS 37.141. 
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Project plan
By the end of RAN4#66bis in Chicago, US (April, 2013)

●
Approve TR skeleton and work plan

●
Approve CA operating bands and channel bandwidth

●
Approve spectrum and regulatory review

By the end of RAN4#68 in Barcelona (August, 2013)

●
Finish BS RF requirements

●
Finish RRM requirements

By the end of RAN4#68bis in Riga (October, 2013)

●
Finish UE RF requirements

●
All the requirements are captured in technical report

By the end of RAN4#69 in US (November, 2013)

●
All CRs to be presented in RAN#62 for approval

●
Technical reports presented to RAN#62 for approval
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