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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 REL-12 2UL non-contiguous intra-band CA framework WI and it contains both the UE and BS studies.
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]
3GPP TR 41.001: "GSM Specification set".

[3]
3GPP TR 21 912 "Example 2, using fixed text".
[4]
3GPP TS 36.101: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception".
[5]
3GPP TS 36.521-1: "Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) conformance specification; Radio transmission and reception; Part 1: Conformance testing".
[6]
R4-122735, "Non-contiguous intraband CA terminology and unwanted emission and ACLR discussion, Nokia Corporation
[7]
R4-122522, "ACLR for non-contiguous intra-band CA", ZTE
[8]
R4-114901, "Non-contiguous intra-band CA UE RF aspects", Nokia corporation
[9]
R4-125608, "Transmit intermodulation for NC intra-band CA", Ericsson, ST-Ericsson
[10]
R4-123807, "Transmit intermodulation for non-contiguous intra-band CA", ZTE
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].

Composite spectrum emission mask: Emission mask requirement for intraband non-contiguous carrier aggregation which is a combination of individual sub-block spectrum emissions masks.

Composite spurious emission requirement: Spurious emission requirement for intraband non-contiguous carrier aggregation which is a combination of individual sub-block spurious emission requirements.

Intra-band non-contiguous carrier aggregation: Non-contiguous carriers aggregated in the same operating band.
3.2
Symbols

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

NRB_alloc
Total number of simultaneously transmitted resource blocks in Channel bandwidth or Aggregated Channel Bandwidth.

RBstart 
Indicates the lowest RB index of transmitted resource blocks.
Wgap
Sub-block gap size 
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].

ACLR
Adjacent channel leakage ration

CC
Component carrier

CW
Continuous wave

IMD
Inter modulation distortion

MPR
Maximum power reduction

MSD
Maximum sensitivity degradation

OOB
Out of band

PA
Power amplifier

PCC
Primary component carrier

PSD
Power spectral density

REFSENS
Reference sensitivity

RB
Resource block

SCC
Secondary component carrier

SEM
Spectrum emission mask
4
Background
4.1
Justification

RAN4 framework requirements for non-contiguous intra-band CA with 1 UL are defined in Release 11 under the LTE CA enhancement WID. The framework requirements for non-contiguous intra-band CA with 2ULs have been postponed to release 12. RAN4 framework requirements are utilized when developing different band specific requirements based on the work done for the framework requirements. After deploying 2 DL CA with 1 UL on the field CA deployments are expected to move towards 2UL deployments

4.2
Work item objective

The objective is to enhance carrier aggregation requirements. The detailed objectives include:

Introduce RAN4 frame-work for non-contiguous intra-band CA for 2 UL requirements based on work done in REL-11 CA Enhancement WI. Use CA_4A_4A as an example CA configuration as that band specific WI contains non-contiguous UL aggregation scenario. For some of the requirements, which are affected by the 2 UL operation the study can be extended to cover also generic frequency arrangements.
5
UE Transmitter RF aspects
5.1
Reference transmitter architecture

Transmitter architecture presented in Figure 5.1-1 will be used when specifying the non-contiguous intraband CA transmitter characteristic, for example required MPR to meet the emission requirements.
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Figure 5.1-1: Non-contiguous intraband CA reference transmitter architecture

5.2
Unwanted emissions

Composite emission requirement is the emission requirement for non-contiguous intraband CA transmission when the transmission consists of multiple sub-blocks. Composite emission requirement is derived with following procedure:
▪
As a basis Individual sub-blocks will follow single E-UTRA carrier SEM (and spurious emission requirements).
▪
When spurious emission domain of CC1 falls into OOB domain of CC2 or vice versa it is not taken into account (in practice always lower than SEM).
▪
If two SEMs overlap then the SEM which allows higher PSD for emissions is selected.
▪
If SEM or spurious emission requirement of CC1 overlaps the channel bandwidth of CC2 or vice versa it is not taken into account. 

As an example composite emission requirement is determined for various signals. Results are presented in a form as in Figure 5.2-1 where first applicable SEM and spurious emission requirements for both CC's are drawn. SEM's are drawn in black and spurious emission requirements in blue and both are associated with a number which indicates to which CC they are applicable. Then in the lower figure the composite emission requirement is derived following the rules listed above.
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Figure 5.2-1: Derivation of composite emission requirement

In the Figure 5.2-2 same study is repeated for cases where the sub-block gap size is varied. Following cases where examined:
▪
Sub-block gap bandwidth = OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2 (Figure 5.2-1)

▪
Sub-block gap bandwidth > OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2

▪
Sub-block gap bandwidth < OOB domain bandwidth of CC1 + OOB domain bandwidth of CC2

▪
Sub-block gap bandwidth < MIN (OOB domain bandwidth of CC1, OOB domain bandwidth of CC2)
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Figure 5.2-2: Study of different sub-block gap sizes

The case where the CC's had different bandwidths is also studied. In Figure 5.2-3 presents the case which does not occur with equal CC bandwidths i.e. the OOB region of wider CC extends over the narrower CC.
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Figure 5.2-3: Case where OOB region of wider sub-block extends over narrower sub-block

Agreement: Use composite emission requirement for non-contiguous intraband CA transmissions. Composite emission requirement is derived by following these rules.

1.
Each non-contiguous intraband CA sub-block emission follow single carrier SEM and spurious emission requirements as defined in subclauses 6.6.2 and 6.6.3 in TS 36.101.
2.
When spurious emission domain of sub-block x falls into OOB domain of sub-block y or vice versa it is omitted.
3.
If SEMs overlap then the SEM which allows higher PSD for emissions is selected.
If SEM or spurious emission requirement of sub-block x overlaps the channel bandwidth of sub-block y or vice versa it is omitted.
5.3
ACLR

In Figure 5.3-1 we compare how much the absolute emissions would be from UE if the ACLR requirements would be set as proposed in R4-122735 and R4-122522. In addition we have drawn a picture presenting the current single carrier transmissions case. There we have examined E-UTRA ACLR where the adjacent channel measurement bandwidth is same as the sub-block bandwidth next to it.

For single carrier E-UTRA UE the maximum allowed emissions to adjacent channel is +23 dBm - 30 dB = -7 dBm (we have not taken into account the MPR as it is not mandatory). According to proposal in R4-122735 for the case where sub-blocks have equal bandwidth (and PSD) the interference power into adjacent channel would be - 10 dBm, if the other sub-block would have smaller bandwidth the sub-block being tested would have higher power than 20 dBm and thus the interference to adjacent channel would be more than -10 dBm but still less than -7 dBm which was the single carrier reference. According to proposal R4-122522 the adjacent channel interference power would be -7 dBm which is same as for reference single carrier case. The interference power would not change if relative sub-block bandwidths change as reference power is the sum of sub-block powers.

As can be seen both proposal would produce ALCR emissions which are equal or less than single carrier operation would produce and in that sense are acceptable. Also we want to point out that it is evident from R4-121205 that RAN4 needs to specify MPR for non-contiguous intraband case which is more than the MPR for single carrier case thus emissions for non-contiguous case for adjacent channel will be smaller as the ACLR requirement is relative to transmission power.

Proposal from R4-122522 is selected as it gives constant maximum absolute interference power to adjacent channel even if carriers in sub-blocks are not fully populated or have un-equal bandwidths.
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Figure 5.3-1: Absolute emission levels due to ACLR

Following UE ACLR definition for non-contiguous intraband CA is agreed:
●
Proposal 1: Adjacent channel leakage ratio for non-contiguous intraband CA is defined as a ratio of:
▪
the sum of the filtered mean powers centred on the assigned channel frequencies; and

▪
the filtered mean power centred on a frequency channel adjacent to one of the respective sub-block edges.
For single carrier case RAN4 has set requirements for UTRAACLR1, UTRAACLR2 and E- UTRAACLR1. For contiguous intraband CA requirements are set for UTRAACLR1, UTRAACLR2 and CA E- UTRAACLR1. 

Figure 5.3-2 sketches the situation where non-contiguous intraband CA ACLR requirements are set similarly as it has done for single carrier i.e. UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 with the exception that both sub-blocks have own requirements set. As can been seen the number of ACLR requirements varies between 6 -12 depending on the gap size.
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Figure 5.3-2: Different ACLR requirements

In order to ensure good co-existence with legacy systems following UE ACLR requirements for non-contiguous intraband CA are agreed:
●
Proposal 2: UTRAACLR1, UTRAACLR2 and E- UTRAACLR1 requirements are set for all non-contiguous intraband CA sub-blocks.
●
Proposal 3: UTRAACLR1 = 33 dB, UTRAACLR2 = 36 dB E- UTRAACLR1 = 30 dB.
Following additional definitions are agreed for UE non-contiguous intraband CA ACLR to accommodate varying gap size in requirement setting.

●
Proposal 4: UTRAACLR1 and UTRAACLR2
▪
UTRAACLR1 is required to be met in the sub-block gap when the gap bandwidth Wgap is 5 MHz≤Wgap <15 MHz.

▪
Both UTRAACLR1, UTRAACLR2 are required to be met in the sub-block gap when the gap bandwidth Wgap is 15 MHz≤Wgap.
In case sub-blocks have different bandwidths for the E-UTRAACLR (see Figure 5.3-3) it is proposed that E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth is adjacent to.

In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set to the gap. Wgap < BWChannel,block(1) or Wgap < BWChannel,block(2)).

In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap. Wgap < min (BWChannel,block(1), BWChannel,block(2)).
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Figure 5.3-3: E-UTRAACLR in case of unequal sub-block bandwidth

●
Proposal 5: For E-UTRAACLR:
▪
E- UTRAACLR1 adjacent channel power measurement bandwidth equals the sub-block bandwidth that it is adjacent to. 

▪
In case the sub-block gap is smaller than other of the sub-blocks then for that sub-block no E-UTRAACLR requirement is set for the gap. 

▪
In case the gab bandwidth is smaller than either of the sub-block bandwidths then no E- UTRAACLR1 requirement is set for the gap.
To see how much MPR is required to meet the ACLR requirements proposed in this clause a simulation campaign was performed where six different NC-intraband CA signals with four different sub-block gap sizes were examined. Results are presented in Table 5.3-1. The reference transmitter architecture used in this study was the single PA version also referred as Tx architecture 1 in R4-114901. Transmitted signal was consisting of fully populated sub-blocks which had equal PSD.

Table 5.3-1: Required MPR

	Non-contiguous CA: Required back off with full allocations
	

	
	

	Bandwidth
	Gap width (MHz)
	Backoff (dB)
	Gating factor
	Backoff (dB), due to ACLR only
	Gating factor
	

	100+100
	5
	3,53
	Spur
	1,91
	EUTRA ACLR
	

	
	10
	3,82
	Spur
	1,57
	EUTRA ACLR
	

	
	20
	3,88
	Spur
	1,07
	Gap EUTRA ACLR
	

	
	40
	3,87
	Spur
	-
	-
	

	75+75
	5
	3,86
	Spur
	1,98
	UTRA ACLR2
	

	
	10
	4,18
	Spur
	1,25
	EUTRA ACLR
	

	
	20
	4,18
	Spur
	0,14
	Gap EUTRA ACLR
	

	
	40
	4,20
	Spur
	0,06
	UTRA ACLR1
	

	100+50
	5
	4,05
	Spur
	2,19
	EUTRA ACLR
	

	
	10
	3,92
	Spur
	2,01
	EUTRA ACLR
	

	
	20
	4,08
	Spur
	1,44
	Gap EUTRA ACLR
	

	
	40
	4,09
	Spur
	1,12
	UTRA ACLR2
	

	100+25
	5
	3,79
	Spur
	2,22
	EUTRA ACLR
	

	
	10
	4,09
	Spur
	2,15
	EUTRA ACLR
	

	
	20
	3,98
	Spur
	1,84
	Gap EUTRA ACLR
	

	
	40
	4,04
	Spur
	1,49
	UTRA ACLR2
	

	25+50
	5
	4,70
	Spur
	2,76
	UTRA ACLR2
	

	
	10
	4,69
	Spur
	2,08
	UTRA ACLR2
	

	
	20
	4,84
	Spur
	1,58
	UTRA ACLR1
	

	
	40
	4,84
	Spur
	1,58
	UTRA ACLR1
	

	25+25
	5
	5,00
	Spur
	3,29
	UTRA ACLR2
	

	
	10
	5,57
	Spur
	0,63
	UTRA ACLR1
	

	
	20
	5,57
	Spur
	0,62
	UTRA ACLR1
	

	
	40
	5,58
	Spur
	0,62
	UTRA ACLR1
	


5.4
Transmit intermodulation

Firstly, considering the transmit intermodulation product strongly affected by the level of whole wanted signal power, it is unreasonable to define intermodulation product for NC-CA by only using one sub block power as a wanted power when all sub blocks are transmit, so a proposal is given here (refer to the definition of ACLR for NC-CA):
●
Proposal 1: The UE transmit intermodulation attenuation is defined as a ratio of

▪
The sum of the filtered mean powers centred on the assigned channel frequencies and
▪
The filtered mean power centred on a frequency of intermodulation product of the sub block being tested.
In order to ensure good co-existence with legacy systems, following UE transmit intermodulation requirements for non-contiguous intra-band CA are proposed:
●
Proposal 2: Interference CW signal level is set to -40 dBc which is relative to the sum of the filtered mean powers centred on the assigned channel frequencies. The intermodulation product level for the 1st intermodulation test is -29 dBc and the intermodulation product level for the 2nd intermodulation test is -35 dBc.
Note:
1st intermodulation test refers to case when CW signal frequency offset is equal to channel bandwidth being tested and the 2nd intermodulation test refers to case when CW signal frequency offset is equal to twice the channel bandwidth being tested.
As mentioned in R4-123807 and R4-125608, it was already proposed that the interference CW signal should not be allocated inside the gap when testing transmit intermodulation for NC -CA. 
●
Proposal 3: Non-contiguous intraband CA Tx intermodulation requirement applies when the interfering signal is located at a positive offset with respect to the assigned channel frequency of the highest carrier frequency or located at a negative offset with respect to the assigned channel frequency of the lowest carrier frequency.
However, when interference CW signal is allocated outside the RF bandwidth edges, one of the intermodulation products will also be effected by the sub block other than the sub-block being tested if the gap width is not large enough. One example is mentioned in R4-125608. In order to avoid the effect from other sub block, following additional definitions are proposed for UE NC-CA transmit intermodulation to accommodate varying gap size in requirement setting (See Figure 5.4.1 to 5.4-3).
●
Proposal 4:

▪
In case the sub block gap bandwidth Wgap < BWCC being tested then no intermodulation test inside the gap is performed

▪
In case the sub block gap bandwidth BWCC being tested≤Wgap <2 × BWCC being tested + BWCC not tested then 1st intermodulation test inside the gap is performed.

▪
In case the sub block gap bandwidth Wgap≥2 × BWCC being tested + BWCC not tested then 1st and 2nd intermodulation tests inside the gap are performed.
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Figure 5.4-1: No intermodulation test inside the gap
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Figure 5.4-2: 1st intermodulation test
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Figure 5.4-3: 2nd intermodulation test

5.5
UL IMD Analysis

Intermodulation products generated from 2UL non-contiguous intra-band CA falling into its own DL frequency range may cause receiver desensitization problem, especially when the IMD products are aligned or overlapped with DL carriers. Considering the worst case scenario where the intermodulation products would align with its own downlink carriers, the analysis can be simplified by treating the carrier as a single tone as illustrated in Figure 5.5-1.   
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Figure 5.5-1: Tone representation of intra-band non-contiguous CA with 2 UL CC

Where a few parameters are defined as below:
fULCC1: Uplink CA carrier 1

fULCC2: Uplink CA carrier 2

fDLCC1: Downlink CA carrier 1

fDLCC2: Downlink CA carrier 2

FBW: Bandwidth of the operation band

FDUP: FDD duplex frequency distance

FCHS: Channel spacing between two CA carriers
The frequency allocation for two-tone intermodulation products can then be depicted as in Figure 5.5-2.
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Figure 5.5-2: Frequency allocation for two-tone intermodulation products

fIMD3R and fIMD3L are the frequency location for 3rd order intermodulation product on the higher frequency side (right side to main tones) and the lower frequency side (left side to main tones), respectively. The same definition also applies to 5th order, 7th order, and further higher order intermodulation products. In this analysis, only right side intermodulation products are considered as most FDD DL bands are on the higher frequency side.

From Figure 5.5-1 and Figure 5.5-2, it can be seen that for fIMD3R to align with fDLCC1, the following condition has to be met:

FDUP = 2×FCHS or FCHS = FDUP /2
(1)

And for fIMD3R to align with fDLCC2, the following condition has to be met:

FCHS = FDUP
(2)

Similarly, for fIMD5R to align with fDLCC1, the following condition has to be met,


FCHS = FDUP /3
(3)

And for fIMD5R to align with fDLCC2, the following condition has to be met,


FCHS = FDUP /2
(4)

Notice that for 5th order intermodulation product, in addition to fIMD5R, it also has a component located at the same frequency as fIMD3R since a "square" of one carrier would generate a DC component which multiplies the remaining 3rd order permutation would have an intermodulation component aligned with fIMD3R. The two aligned intermodulation components can only be differentiated if the main carriers have envelope modulation where the 5th order component would have wider bandwidth than 3rd order component. Similarly, for 7th order intermodulation product, in addition to fIMD7R, it also has a component located at the same frequency as fIMD5R and a component located at the same frequency as fIMD3R. The same scenario is applied to further higher order nonlinear terms. 
Based on this systematic pattern, a generalized formula for UL intermodulation products aligning with its DL carriers can be deduced which is summarized in Table 5.5-1.

Table 5.5-1: Criteria for UL intermodulation products aligning with its DL carriers
	IMD Order
	Criteria for IMD aligning with

	
	CC1
	CC2

	3rd
	FCHS = FDUP/2
	FCHS = FDUP

	5th
	FCHS = FDUP/3
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP

	7th
	FCHS = FDUP/4
	FCHS = FDUP/3

	
	FCHS = FDUP/3
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP

	…
	…
	…

	(2N+1)th
N > 3
	FCHS = FDUP/(N+1)
	FCHS = FDUP/N

	
	FCHS = FDUP/N
	FCHS = FDUP/(N-1)

	
	FCHS = FDUP/(N-1)
	…

	
	…
	FCHS = FDUP/2

	
	FCHS = FDUP/2
	FCHS = FDUP


For practical situation where both component carriers have finite channel bandwidth, a generic model as shown in Figure 5.5-3 is used for self-interference analysis.
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Figure 5.5-3: A generic intra-band non-contiguous CA model for UE self-interference analysis
The parameters as noted in Figure 5.5-3 can all be self-explained without further text description. Following the analogy of two-tone intermodulation analysis as described above, it can be seen that fU1L and fU2H will define the intermodulation products upper frequency boundary fIMD3RH, and fU1H and fU2L will define the lower frequency boundary fIMD3RL, as illustrated in Figure 5.5-4 (3rd order IMD in this example). From Figure 5.5-3 and Figure 5.5-4, it can be seen that for 3rd order intermodulation component to overlap with DLCC1, the following criteria has to be met,


2×(FBW - (c+d)) > FDUP and 2×(FBW - (c+d) - (a+b)) < FDUP 
(5)

which can also be rearranged as,


FBW - (FDUP/2) - (a+b) < c+d < FBW - (FDUP/2)
(6)
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Figure 5.5-4: 3rd order intermodulation product generated by ULCC1 and ULCC2
Similarly, for 3rd order intermodulation component to overlap with DLCC2, the following criteria has to be met,


FBW - (c+d) > FDUP - b and FBW - (c+d) - (a+b) < FDUP + b
(7)
which can also be rearranged as,


FBW - FDUP - (a+b) - b < c+d < FBW - FDUP + b
(8)

For 5th order primary intermodulation component (at higher frequency) to overlap with DLCC1, the criteria can be derived based on equations (3) and (6) as,


FBW - (FDUP/3) - (a+b) < c+d < FBW - (FDUP/3)
(9)

For 5th order secondary intermodulation component (at the same frequency as 3rd order component) to overlap with DLCC1, the criteria can be derived from equation (6) by extending both upper and lower ranges with (b/2) which accounts for the bandwidth extension (by +/- b as compared to 3rd order component) through a "square" operation of ULCC2. This results in,


FBW - (FDUP/2) - (a+b) - (b/2) < c+d < FBW - (FDUP/2) + (b/2)
(10)

Similarly, for 5th order primary intermodulation component (at higher frequency) to overlap with DLCC2, the criteria can be derived based on equations (4) and (8) as, 


FBW - (FDUP/2) - (a+b) - (b/2) < c+d < FBW - (FDUP/2) + (b/2)
(11)

For 5th order secondary intermodulation component to overlap with DLCC2, the criteria can be derived from equation (8) by extending both upper and lower ranges with b, and that is,


FBW - FDUP - (a+b) - 2b < c+d < FBW - FDUP + 2b 
(12)

As intermodulation products have a fixed frequency spacing between adjacent components (FCHS as noted in 
Figure 5.5-2), the overlapping criteria for higher order intermodulation products can be easily deduced from a systematic pattern which was implicitly described in the above analysis. Table 5.5-2 summarizes the generalized formula for 2UL IMD overlapping with its own DL carriers which can be applied to any band and any order of intermodulation.
Table 5.5-2 Formula for 2UL IMD overlapping with its own DL carriers

	IMD Order
	Criteria for IMD overlapping with

	
	CC1
	CC2

	3rd
	FBW - (FDUP/2) - (a+b) < c+d < FBW - (FDUP/2)
	FBW - FDUP - (a+b) - b < c+d < FBW - FDUP + b

	5th
	FBW - (FDUP/3) - (a+b) < c+d < FBW - (FDUP/3)
	FBW - (FDUP/2) - (a+b) - (b/2) < c+d < FBW - (FDUP/2) + (b/2)

	
	FBW - (FDUP/2) - (a+b) - (b/2) < c+d < FBW - (FDUP/2) + (b/2)
	FBW - FDUP - (a+b) - 2b < c+d < FBW - FDUP + 2b

	7th
	FBW - (FDUP/4) - (a+b) < c+d < FBW - (FDUP/4)
	FBW - (FDUP/3) - (a+b) - (b/3) < c+d < FBW - (FDUP/3) + (b/3)

	
	FBW - (FDUP/3) - (a+b) - (b/3) < c+d < FBW - (FDUP/3) + (b/3)
	FBW - (FDUP/2) - (a+b) - b < c+d < FBW - (FDUP/2) + b

	
	FBW - (FDUP/2) - (a+b) - b < c+d < FBW - (FDUP/2) + b
	FBW - FDUP - (a+b) - 3b < c+d < FBW - FDUP + 3b

	9th
	FBW - (FDUP/5) - (a+b) < c+d < FBW - (FDUP/5)
	FBW - (FDUP/4) - (a+b) - (b/4) < c+d < FBW - (FDUP/4) + (b/4)

	
	FBW - (FDUP/4) - (a+b) - (b/4) < c+d < FBW - (FDUP/4) + (b/4)
	FBW - (FDUP/3) - (a+b) - (2b/3) < c+d < FBW - (FDUP/3) + (2b/3)

	
	FBW - (FDUP/3) - (a+b) - (2b/3) < c+d < FBW - (FDUP/3) + (2b/3)
	FBW - (FDUP/2) - (a+b) - (3b/2) < c+d < FBW - (FDUP/2) + (3b/2)

	
	FBW - (FDUP/2) - (a+b) - (3b/2) < c+d < FBW - (FDUP/2) + (3b/2)
	FBW - FDUP - (a+b) - 4b < c+d < FBW - FDUP + 4b

	11th
	FBW - (FDUP/6) - (a+b) < c+d < FBW - (FDUP/6)
	FBW - (FDUP/5) - (a+b) - (b/5) < c+d < FBW - (FDUP/5) + (b/5)

	
	FBW - (FDUP/5) - (a+b) - (b/5) < c+d < FBW - (FDUP/5) + (b/5)
	FBW - (FDUP/4) - (a+b) - (b/2) < c+d < FBW - (FDUP/4) + (b/2)

	
	FBW - (FDUP/4) - (a+b) - (b/2) < c+d < FBW - (FDUP/4) + (b/2)
	FBW - (FDUP/3) - (a+b) - b < c+d < FBW - (FDUP/3) + b

	
	FBW - (FDUP/3) - (a+b) - b < c+d < FBW - (FDUP/3) + b
	FBW - (FDUP/2) - (a+b) - 2b < c+d < FBW - (FDUP/2) + 2b

	
	FBW - (FDUP/2) - (a+b) - 2b < c+d < FBW - (FDUP/2) + 2b
	FBW - FDUP - (a+b) - 5b < c+d < FBW - FDUP + 5b

	…
	…
	…

	(2N+1)th
N > 5
	FBW - (FDUP/(N+1)) - (a+b) < c+d < FBW - (FDUP/(N+1))
	FBW - (FDUP/N) - (a+b) - (b/N) < c+d < FBW - (FDUP/N) + (b/N)

	
	FBW - (FDUP/N) - (a+b) - (b/N) < c+d < FBW - (FDUP/N) + (b/N)
	FBW - (FDUP/(N-1)) - (a+b) - (2b/(N-1)) < c+d 

< FBW - (FDUP/(N-1)) + (2b/(N-1))

	
	FBW - (FDUP/(N-1)) - (a+b) - (2b/(N-1)) < c+d 

< FBW - (FDUP/(N-1)) + (2b/(N-1))
	FBW - (FDUP/(N-2)) - (a+b) - (3b/(N-2)) < c+d 

< FBW - (FDUP/(N-2)) + (3b/(N-2))

	
	FBW - (FDUP/(N-2)) - (a+b) - (3b/(N-2)) < c+d 

< FBW - (FDUP/(N-2)) + (3b/(N-2))
	FBW - (FDUP/(N-3)) - (a+b) - (4b/(N-3)) < c+d 

< FBW - (FDUP/(N-3)) + (4b/(N-3))

	
	FBW - (FDUP/(N-3)) - (a+b) - (4b/(N-3)) < c+d 

< FBW - (FDUP/(N-3)) + (4b/(N-3))
	…

	
	…
	FBW - (FDUP/2) - (a+b) - (N-1)b/2 < c+d 

< FBW - (FDUP/2) + (N-1)b/2

	
	FBW - (FDUP/2) - (a+b) - (N-1)b/2 < c+d 

< FBW - (FDUP/2) + (N-1)b/2
	FBW - FDUP - (a+b) - Nb < c+d < FBW - FDUP + Nb


5.6
MPR

Proposal 1: REL-12 non-contiguous intraband WI will only define MPR for uplink allocations when the WGAP ≤ 42.2 MHz

Proposal 2: For those E-UTRA bands where maximum possible WGAP ≤ 42.2 MHz there will be only one MPR formula
Proposal 3: MPR definition for non-contiguous uplink intraband CA is applicable to all E-UTRA bands when the WGAP ≤ 42.2 MHz.

Proposal 4: For those E-UTRA bands where maximum possible WGAP ≤ 42.2 CA non-contiguous uplink intraband MPR definition is


MPR = CEIL {MN, 0.5}

Where MA is defined as follows:

MN= -0.125 NRB_alloc + 18.25; 
2 ≤ N ≤ 50


-0.0333 NRB_alloc + 13.67; 
50 < N ≤ 200

Where NRB_alloc is the number of allocated resource blocks.

5.6.1
MPR

5.6.1.1 
Test set-up

Test setup is presented in Figure 5.6.1.1-1.
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Figure 5.6.1.1-1: Test setup

5.6.1.2 
Test procedure

Amplifier output power operation point was set such way that when a single 5 MHz E-UTRA carrier was amplified the measured ACLR performance was UTRAACLR1 = 33 dBc. The amplifier output power operating point was slightly different for all three amplifiers which is typical, see Table 5.6.1.2-1.

Table 5.6.1.2-1
	 
	PA output power 
operating point

	PA1
	26,9 dBm

	PA2
	26,8 dBm

	PA3
	27,5 dBm


Test procedure was as follows:
Output power was set according to Table 5.6.1.2-1 for all test waveforms. Then input power of PA was lowered until the measured PA output intermodulation distortion level was lower than -26 dBm / 1 MHz. This IMD power level corresponds to - 30 dBm/ 1MHz at antenna port when assuming 4 dB post PA loss. The selected emission target - 30 dBm/ 1 MHz is general spurious emission requirement for frequency range of 1 - 12.75 GHz. 

The recorded MPR was the output power difference of the maximum output power of the PA (Table 5.6.1.2-1) and the actual output power when the emission limit of - 26 dBm / 1 MHz at PA output was meet.

The MPR is presented as a function of total number of transmitted resource blocks NRB_alloc, see Figures 5.6.1.2-1 - 5.6.1.2-3. Redline in the Figures 5.6.1.2-1 - 5.6.1.2-3 is the tentative MPR mask used in receiver studies.
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Figure 5.6.1.2-1: PA 1 MPR vs. NRB_alloc
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Figure 5.6.1.2-2: PA 2 MPR vs. NRB_alloc
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Figure 5.6.1.2-3: PA 3 MPR vs. NRB_alloc
5.7
UE Transmit Modulation Quality

Based on the understanding that the realization of non-continuous CA in the UE uplink chain would result in a local oscillator per CC the requirement could be specified per CC. The rel-8 requirement could then be applied. To cover any configuration differences with CA we can follow a similar approach as in intra-band contiguous CA to configure PCC and SCC while only PCC is allocated and the requirement applies to the allocated CC. However the spectral measurement in case of the in-band emission requirement on the non-allocated CC does not need to be performed.
6
UE Receiver RF aspects
6.1
MPR used in receiver studies

Required MPR for non-contiguous intraband CA was studied by measurements and simulations. MPR rule based on this study is used in receiver requirement work until final MPR rule is agreed. Test setup is presented in Figure 6.1-1. Test procedure was such that input power of PA was adjusted with 1 dB steps using manual variable RF attenuator at the PA input. PA output was measured with spectrum analyser and maximum IMD level of -26 dBm / 1 MHz was searched. This IMD power level corresponds to - 30 dBm/ 1 MHz at antenna port when assuming 4 dB post PA loss. - 30 dBm/ 1 MHz is general spurious emission requirement for frequency range of 1 - 12.75 GHz.
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Figure 6.1-1: Test setup

Results are presented in Tables 6.1-1 - 6.1-3. MPR values listed in the table corresponds to the manual variable attenuator value at PA input which gave PA output spectrum where the IMD levels were below - 26 dBm / 1 MHz. Strictly speaking this is not MPR as the PA operates in a slight compression thus PA output do not change in one to one relation with input. The actual MPR when considering output power reduction is slightly lower, about half a dB or so.

Various different non-contiguous intraband CA signals were studied with different Wgap values. Predominantly fully allocated carriers were used with an exception of testing a signal were both carriers were having only one allocated RB such way that the distance between transmitted RB's was maximized. For the lower carrier the RB was in lowest possible position (RBstart = 0) and for the higher carrier RB was in highest possible position (RBstart = 24 for 5 MHz carrier). This represents the worst case signal from MPR point of view.

Table 6.1-1 Band 1 PA 5 results

	CC1 BW
	allocation
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	allocation
	Wgap
	total#RB
	MPR (PA5)

	5
	0/1
	1922,5
	5
	1977,5
	24/1
	50
	2
	14

	5
	Full
	1922,5
	5
	1977,5
	Full
	50
	50
	10

	10
	Full
	1925
	10
	1975
	Full
	40
	100
	4

	15
	Full
	1927,5
	15
	1972,5
	Full
	30
	150
	4

	20
	Full
	1930
	20
	1970
	Full
	20
	200
	3


Table 6.1-2 Band 3 PA4 results

	CC1 BW
	allocation
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	allocation
	Wgap
	total#RB
	MPR (PA4)

	5
	0/1
	1712,5
	5
	1782,5
	24/1
	65
	2
	13

	5
	Full
	1712,5
	5
	1782,5
	Full
	65
	50
	9

	5
	Full
	1730
	5
	1765
	Full
	30
	50
	9

	5
	Full
	1740
	5
	1755
	Full
	10
	50
	7

	10
	Full
	1715
	10
	1780
	Full
	55
	100
	5

	10
	Full
	1735
	10
	1755
	Full
	10
	100
	6

	20
	Full
	1720
	20
	1775
	Full
	35
	200
	5

	20
	Full
	1730
	20
	1760
	Full
	10
	200
	4


Table 6.1-3 Band 7 PA1-3 results

	CC1 BW
	alloc.
	CC1 fcenter
	CC2 BW
	CC2 fcenter
	alloc.
	Wgap
	total#RB
	MPR(PA1)
	MPR(PA2)
	MPR(PA3)

	5
	0/1
	2502,5
	5
	2567,5
	24/1
	60
	2
	10
	17
	11

	5
	Full
	2502,5
	5
	2567,5
	Full
	60
	50
	6
	11
	10

	5
	Full
	2517,5
	5
	2552,5
	Full
	30
	50
	9
	9
	7

	5
	Full
	2527,5
	5
	2542,5
	Full
	10
	50
	5
	10
	7

	10
	Full
	2505
	10
	2565
	Full
	50
	100
	5
	9
	6

	10
	Full
	2525
	10
	2545
	Full
	10
	100
	3
	8
	5

	20
	Full
	2510
	20
	2560
	Full
	30
	200
	4
	6
	2

	20
	Full
	2520
	20
	2550
	Full
	10
	200
	5
	5
	3


In Figures 6.1-2 and 6.1-3 the peak IMD power measured over 1 MHz of measurement bandwidth is reported as a function of total PA output power. Strongest IMD product was 3rd order IMD (2xf1-f2) which is located on both sides of the transmitted signal and was typically not in a same level on both sides also the power relation between the IMD products changed when PA input power was changed.

In Figure 6.1-4 the peak IMD power measured over 1 MHz of measurement bandwidth is reported as a function of PA input reduction (MPR in Tables 6.1-1 - 6.1-3). Figures 6.1-2 and 6.1-3 and 6.1-4 are comparable even though the x-axis is different on Figure 6.1-4.
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Figure 6.1-2: Band 1 PA6 peak IMD power versus total PA output power
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Figure 6.1-3: Band 3 PA4 peak IMD power versus total PA output power
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Figure 6.1-4: Band 7 PA1 peak IMD power versus PA input reduction

From Figures 6.1-2 - 6.1-4 it can be observe that IMD power levels do not reduce monotonically when PA output power is reduced as one could expect from classical amplifier theory. Also can be noted that typically IMD is stronger when Wgap is larger with one exception in these tests i.e. Band 7 PA1 two full 5 MHz CCs w 30 MHz gap produced more IMD than same signal with 60 MHz gap. Reason for this is not known. Also one clear trend is that when the number of transmitted RB's gets larger then the IMD power gets lower, reason being that as the total power level is kept same when number of transmitted RB is increased then the PSD of the transmission gets lower which again produces lower IMD.

Based on the study above a tentative MPR rule for receiver studies for bands which are not larger than 75 MHz of bandwidth is established.
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Figure 6.1-5: MPR versus total number of transmitted RB's

The tentatively proposed mask which is plotted in Figure 6 can be formally written as follows:

MPR = CEIL {MN, 0.5}

Where MA is defined as follows:
MN= -0.125 NRB_alloc + 18.25

; 2 ≤ N ≤ 50

-0.0333 NRB_alloc + 13.67



; 50 < N ≤ 200

Where NRB_alloc is the number of allocated resource blocks.

MPR definition above is taken as a baseline which is further refined during the WI and is used when receiver requirements are discussed until this rule is replaced with more appropriate one.

6.2
REFSENS

It was agreed in RAN4#70 that non-contiguous uplink intraband CA REFSENS is specified with following principles.

Proposal 1: For dual uplink intra-band non-contiguous CA, REFSENS is defined to be met when both downlink component carriers and both uplink component carriers are active.

Proposal 2: Band specific MSD value for any dual uplink non-contiguous intraband CA configuration with ULs in different sub-blocks is specified in 36.101 to define the requirement REFSENS

Proposal 3: When we identify any CA configuration for non-contiguous intraband CA having MSD not be 0 dB, the applicability of the agreement for 2 UL interband CA A2 and A4 is such that second requirement for REFSENS for 2 UL interband CA is discussed also for non-contiguous intraband CA.

Proposal 4: MSD for CA_4A-4A is 0 dB (pending that tentative MPR mask is applied)

Proposal 5: For dual uplink intra-band non-contiguous CA TDD bands the MSD is 0 dB.

6.3
RF receiver characteristics for selectivity and blocking

In general, core requirements should be specified in TS 36.101 for all receiver characteristics with two uplinks active. However, much of the core RF performance for uplink intra-band CA would be implicitly verified by the non-CA and the existing downlink inter-band CA cases so there is room for significant reduction of the number of tests for the conformance test specification TS 36.521-1. 

6.3.1
UL configuration 

Verification of the receiver RF performance for non-CA operation and CA with one UL active (non-CA in the uplink) are made with the uplink power set at

-
PUMAX (should be PUMAX,c) for reference sensitivity;

-
PCMAX_L - 4 dBm (should be PCMAX_L,c - 4 dBm) for remaining tests.

For uplink intra-band CA the total UE output power is bounded by PCMAX (capped at Ppowerclass if not at lower power) and the component carriers by PCMAX,c with its lower limit PCMAX_L,c. The core requirements apply for the two uplinks set at equal transmitter power density. The allocations on the two uplinks can vary depending on the band and the sub-block gap. However, for simplicity of specification, the power of each uplink is set at a certain back-off from the maximum configured power of each uplink such that the maximum power (not density) is capped by the same value.

The aim is not to tighten the Rel-8 requirements, whence it appears most straightforward to set the uplink power for each serving cell c to:

PCMAX_L,c - 7 dBm

for verification of all requirements for uplink intra-band CA except for reference sensitivity. This means that each of the two uplinks are bounded at PPowerclass - 7 dBm = +16 dBm and the total power can never exceed PPowerclass - 4dBm = +19 dBm consistent with the maximum uplink power for non-CA operation in the uplink. Testing is also simplified since there is a well-defined power target for each uplink.

The wanted downlink signal levels for uplink inter-band CA tests should be the same as for non-CA operations. The receiver requirements are always verified with some allowed desensitization (a power offset relative to the reference sensitivity) that is test- and bandwidth specific. 

6.3.2
Requirements for in-band blocking, selectivity and intermodulation

For verification of the ACS, narrow-band blocking, in-band blocking and wideband intermodulation requirements the power levels of the two uplinks should be set at:

PCMAX_L,c - 7 dBm.

The effect on ACS of cross-modulation is increased with two uplinks active. However, the power levels of the uplinks are reduced compared to the non-CA case so the existing requirements for ACS for non-CA operation should be retained for uplink intra-band CA with the wanted downlink signal levels kept unchanged.

6.3.3
Requirements for out-of-band blocking

For verification of the out-of-band blocking requirements, the power levels of the two uplinks should be set at:

PCMAX_L,c - 7 dBm

The power levels of the uplinks are reduced compared to the non-CA case so the existing requirements for out-of-band for non-CA operation could be retained for uplink intra-band CA with the wanted downlink signal levels kept unchanged. 

The number of spurious responses may increase for two uplinks if the non-CA uplink power is retained, but for a reduced power for each uplink, the number of spurious responses should be kept the same as for the downlink intra-band CA case (2DL/1UL with the single uplink 4 dB below the maximum power).
For Table 7.6.2.1-2 in TS 36.101 frequency range 1, 2 and 3, up to 
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exceptions per assigned E-UTRA channel per sub-block of the E-UTRA CA configuration are allowed for spurious response frequencies when measured using a 1MHz step size. For these exceptions the requirements of subclause 7.7 spurious response are applicable.

6.3.4
Requirements for receiver spurious emissions and receiver image

The receiver spurious emissions follow the ITU-R requirements and are verified with no RB allocations (0 RB) in neither the DL nor the UL (PDCCH is sent). The requirement applies for any narrowband (CW) emissions from receivers without any specific information on the UL transmissions. Hence there is no need to verify this requirement specifically for 2UL intra-band CA.

The receiver-image requirement is verified by a base-band test (power imbalance), whence it is no need to verify this explicitly for 2UL intra-band CA.

7
eNodeB RF aspects

2UL non-contiguous intra-band CA Work Item will be agnostic to BS implementation that supports Carrier Aggregation. Intra-band non-contiguous operation for both UL and DL was introduced in BS specifications during the finalization of the Carrier Aggregation Enhancements Work Item. Therefore, existing BS requirements and test configurations will remain unchanged.
8
RRM aspects

Impact on 2UL non-contiguous intra-band CA Work Item will be limited concerning changes to RRM requirements. Requirements on UE capabilities for support of E-UTRA carrier aggregation needs to include also 2DL and 2UL non-contiguous inter-band carrier aggregation. Besides this the existing requirements will remain unchanged.
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