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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 for 3DL/3UL Inter-band Carrier Aggregation under Rel-14 time frame according to the New CA WI approach in Release 14 [1]. The purpose is to gather the relevant background information and studies in order to address 3DL/3UL Inter-band Carrier Aggregation requirements for the Rel-14 band combinations in Table 1-1.
Table 1-1: Release 14 3DL/3UL inter-band carrier aggregation combinations
	CA combination
	REL independent from

	
	


This TR contains a general part and band specific combination part. The actual requirements are added to the corresponding technical 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]
RP-151862, “New CA WI approach”, RAN#70.

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
RP-152241, New WI: LTE Advanced Inter-band CA Rel-14 for 3DL/3UL
3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [2] 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 [2].

3.2
Symbols

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

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [2] 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 [2].
4
Background
The present document is a technical report for 3DL/3UL Inter-band Carrier Aggregation WI [3] under Rel-14 time frame. The document is divided in two different parts:

- 
General part: this part covers UE RF specific issues, which is band combination independent. 

- 
CA configuration specific part:  this part covers band combination specific issues independently from each other (i.e. one subclause is defined per band combination)

4.1
TR Maintenance
A single company is responsible for introducing all approved TPs in the current TR, i.e. TR editor. However, it is the responsibility of the contact person of each band combination to ensure that the TPs related to the band combination have been implemented.
5
General Part: Inter-Band (3DL/3UL) CA 
5.1
UE reference architectures
In this clause we present some possible UE architectures which would enable three band uplink CA. Architectures in Figures 5.1 …5.5 are for CA configurations that are combining bands with FDD-mode. To limit the amount of Figures many types of CA configurations are not presented for example Figure 5.1 is for CA configuration having three high bands but no Figure is presented for a case where there are three low bands as difference is merely placing the hexaplexer to low band branch instead of high bands brach.

In Figures 5.1 and 5.2 UE has single antenna / common diplexer architecture and can support CA confifurations where all bands are high bands or one is low band and two are high bands. 
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Figure 5-1: Three high bands
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Figure 5-2: One low band and two high bands
Figure 5.3 presents CA configuration having also one very high band. Such a triplexer architecture was dicussed during CA work for 3.5 GHz bands but as those were TDD bands very high band duplexfilter in Figure 5.3 would be replaced with a bands pass filter in case very high bands would be TDD band.
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Figure 5.3: One low, one high and one very high bands

Figures 5.4 and 5.5 present UE architectures where UE has two antennas. One low/high band antenna and one very high badn antenna. This means that the very high band is aggregated by means of antenna instead of triplexer.
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Figure 5-4: two high bands and one very high band


[image: image7.emf]Switch

diplexer

Switch Low bands High bands

PA1 PA2 PA3

Switch

duplexer

Low/high-band antenna Very high-band antenna

Very High bands

duplexer duplexer


Figure 5-5: one low band, one high bands and one very high band
5.2
Self-interference types

5.2.1
Intermodulation frequencies

Comparison of intermodulation frequencies between pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA is shown in table 1. below. Please note that in case of 3DL/2UL we calculated the amount of possible intermodulation frequencies for all three possible cases; one 2UL allocation (band A+ band B), two 2UL allocations (Band A+ Band B, Band A+ Band C), and three 2UL allocations. (Band A+ Band B, Band A+ Band C, Band B+ Band C). For each 3DL/2UL configuration, only one 2UL configuration is active at a time. 

When comparing 2DL/2UL with 3DL/3UL it can be seen that the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

Comparison between 3DL/2UL and 3DL/3UL is not so straightforward. There are two things that need to be considered; the amount of intermodulation frequencies related to each 3DL/2UL configuration and the total amount of intermodulation frequencies for each 3DL/2UL combination. 

The first one relates to the amount of intermodulation frequencies that may cause desensitization in each 3DL/2UL configuration. In this respect, the number of intermodulation frequencies, and thus the probability of intermodulation hitting on top of own DL CC, is much higher in IMD4 and IMD5 with 3DL/3UL. In case of IMD3 both pure 2UL and pure 3UL have four intermodulation frequencies.

The second one relates to the amount of intermodulation frequencies that need to be analyzed for each 3DL/2UL combination. We note that actually 3DL/2UL has more IMD3 and IMD4 frequencies than 3DL/3UL. In case of IMD5 both have 24 intermodulation frequencies.

The essential difference between 3DL/2UL and 3DL/3UL is that in 3DL/2UL the intermodulation frequencies can be chosen by choosing desirable UL band configurations for each use scenario, while in 3DL/3UL all the possible intermodulation frequencies occur while all three UL’s are active concurrently.

	Intermodulation #
	Number of intermodulation frequencies for pure 2DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/2UL Inter-band CA
	Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	
	
	One 2UL configuration
	Two 2UL configurations
	Three 2UL configurations
	

	IMD2
	2
	2
	4
	6
	-

	IMD3
	4
	4
	8
	12
	4

	IMD4
	6
	6
	12
	18
	12

	IMD5
	8
	8
	16
	24
	24


Table 1 Comparison of intermodulation frequencies for pure 2DL/2UL, 3DL/2UL, and 3DL/3UL Inter-band CA

The following amount of intermodulation frequencies occurs for IMD3, IMD4, and IMD5. All of these intermodulations exist when 3DL/3UL inter-band CA is active on all three bands.

	Intermodulation #
	Number of intermodulation frequencies for pure 3DL Inter-band CA

	IMD3
	4

	IMD4
	12

	IMD5
	24


Table 2 Number of intermodulation frequencies for pure 3DL/3UL Inter-band CA

	Intermodulation #
	IMD3
	IMD4
	IMD5

	Intermodulation frequencies
	|F1+F2+F3|

|F1+F2-F3|

|F1-F2+F3|

|F1-F2-F3|
	|2F1+F2+F3|

|2F1+F2-F3|

|2F1-F2+F3|

|2F1-F2-F3|

|F1+2F2+F3|

|F1+2F2-F3|

|F1-2F2+F3|
|F1-2F2-F3|

|F1+F2+2F3|

|F1+F2-2F3|

|F1-F2+2F3|

|F1-F2-2F3|


	|3F1+F2+F3|

|3F1+F2-F3|

|3F1-F2+F3|

|3F1-F2-F3|

|F1+3F2+F3|

|F1+3F2-F3|

|F1-3F2+F3|

|F1-3F2-F3|

|F1+F2+3F3|

|F1+F2-3F3|

|F1-F2+3F3|

|F1-F2-3F3|

|2F1+2F2+F3|

|2F1+2F2-F3|

|2F1-2F2+F3|

|2F1-2F2-F3|

|F1+2F2+2F3|

|F1+2F2-2F3|

|F1-2F2+2F3|

|F1-2F2-2F3|

|2F1+F2+2F3|

|2F1+F2-2F3|

|2F1-F2+2F3|

|2F1-F2-2F3|


Table 3 Intermodulation frequencies for pure 3DL/3UL Inter-band CA

We note that the amount of intermodulation frequencies is fairly high in pure 3DL/3UL inter-band CA, and thus the probability of intermodulation hitting on top of own DL CC is increased compared with 2DL/2UL and 3DL/2UL.

5.3
Generic transmitter requirements

Expected changes to transmitter requirements in TS 36.101 are listed in Table 5.3-1.

Table 5.3-1: Expected changes to transmitter requirements
	Clause
	Title
	Expected changes

	5.5A
	Operating bands for CA
	No change as uplink CA operating bands are not listed separately

	5.6A.1
	Channel bandwidths per operating band for CA
	3UL CA configurations that are completed are added into Table 5.6A.1-2 or Table 5.6A.1-2a

	5.7.1A
	Channel spacing for CA
	No change

	5.7.2A
	Channel raster for CA
	No change

	5.7.4A
	TX–RX frequency separation for CA
	No change

	6.2.2A
	UE maximum output power for CA
	3UL CA configurations that are completed are added into Table 6.2.2A-0 and a new table is needed for interband CA 3 bands

	6.2.3A
	UE Maximum Output power for modulation / channel bandwidth for CA
	No change the requirements in subclause 6.2.3 apply per band for 3 band configurations or incase of combinations on inter and intra band CA 6.2.3 and 6.2.3A apply.

	6.2.4A
	UE maximum output power with additional requirements for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.2.5A
	Configured transmitted power for CA
	No change

	6.3.2A
	UE Minimum output power for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA. 

	6.3.3A
	UE Transmit OFF power for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA. 

	6.3.4A
	ON/OFF time mask for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA. 

	6.3.5A
	Power control for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA. 

	6.5.1A
	Frequency error for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA. 

	6.5.2A
	Transmit modulation quality for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.1A
	Occupied bandwidth for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.2.1A
	Spectrum emission mask for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.2.2A
	Additional Spectrum Emission Mask for CA
	No change

	6.6.2.3.2A
	(ACLR) Minimum requirement UTRA for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.2.3.3A
	(ACLR) Minimum requirements for CA E-UTRA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.3.1A
	(Spurious emissions) Minimum requirements for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.3.2A
	Spurious emission band UE co-existence for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.

	6.6.3.3A
	Additional spurious emissions for CA
	No change

	6.7.1A
	(Transmit intermodulation)  Minimum requirement for CA
	Minor change to extend the interband CA paragraph to cover also 3 band CA.


5.4
Generic receiver requirements
Expected changes to receiver requirements in TS 36.101 are listed in Table 5.4-1.
Table 5.4-1: Expected changes to transmitter requirements
	7.3.1A
	(REFSENS) Minimum requirements (QPSK) for CA
	Possibly a new MSD Table for 3UL / 3 DL needed

	7.4.1A

	(Maximum input level) Minimum requirements for CA
	No change

	7.5.1A
	(ACS) Minimum requirements for CA
	No change

	7.6.1.1A
	(IBB) Minimum requirements for CA
	No change

	7.6.2.1A
	(OBB) Minimum requirements for CA
	Change might be needed to define the transmitter power for the uplink for which the requirement applies

	7.6.3.1A
	(NBB) Minimum requirements for CA
	No change

	7.7.1A

	(Spurious response) Minimum requirements for CA
	Change might be needed to define the transmitter power for the uplink for which the requirement applies

	7.8.1A
	(Wideband intermodulation) Minimum requirements for CA
	No change

	7.9.1A
	(Spurious emissions) Minimum requirements
	No change

	7.10.1A
	(Receiver image) Minimum requirements for CA
	No change
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