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1. Introduction

The specifications for ACS and in-band blocking for non-contiguous intra-band carrier aggregation have been examined recently, for example in [1] and [2].  In particular, the conditions of in-gap test applicability have been discussed and proposals to correct and/or clarify the specification have been proposed.  In this contribution, we perform a more thorough analysis of the specification using the agreements captured in the TR as reference.  Based on this, we have found potential ambiguities in the specification relating to in-gap interference test conditions.  Suggested changes and additions to the specification are proposed to clarify the language.
2. Discussion

In deriving receiver specifications for non-contiguous intra-band CA, the principles were agreed in [3] and also well captured in TR 36.823.  Using IBB as an example, the following principles have been agreed

· Both non-contiguous carriers are tested simultaneously with respect to one interfering signal. Each carrier should satisfy the Rel-8 IBB requirements. 
· The in-gap IBB requirements are defined only if the gap width is large enough to guarantee a minimum of the Rel-8 interference frequency offset from both carriers. 
These agreements lead to several implications to the test configurations and these are defined in the specifications.  Implications include the offset of the interferer from each of the downlink CC's, the minimum sub-block gap size, as well as the power level of the interferer.  The specifications for NC intra-band receiver requirements have been implemented in TS 36.101 since Rel-11; however, modest improvement in the language may be beneficial to reduce ambiguity.
Simultaneous test

One of the key principles agreed is that the in-gap tests should be simultaneously run on both downlink component carriers since this more closely reflects how the UE will behave in actual NC intra-band CA operation with receiving two carriers.  Simultaneous testing implies that both DL CC's should be active during the test and that a single interferer, when testing in-gap, should be placed between the DL CC's.  

This is illustrated in Figure 1, which is a duplicate of Figure 6.2.3.4-1 from TR 36.823 for the ACS requirement as an example.
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Figure 1. Test scenarios for ACS requirements. (Figure 6.2.3.4-1 of TR 36.823)

One of the consequences of simultaneous testing, depending on the gap size and the requirement to be tested, is that the interferer may be offset further away from one of the downlink carriers than specified by the requirement.  For example, as shown in the 2nd and 3rd rows of figures in Figure 1, the interferer is properly placed relative to C1 in the second row of figures and properly placed relative to C2 in the third row of figures.  However, is it offset further away from the other carrier in both of these figures.  Nonetheless, the same ACS requirements apply to both CC's.  It is noted that the requirement should be tested where the frequency offset is exactly applied as specified for at least one of the component carriers, and may be greater than or equal to specified offset for the other component carrier.
Gap size

When the interferer is located within the gap between the two component carriers, the size of the gap must be sufficiently larger to provide sufficient offset from the interferer to both component carriers simultaneously.

The idea is illustrated in Figure 2 (figure 2 from [3] or figure 6.2.3.4-2 from TR 36.823)
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Figure 2. Condition for in-gap test (Figure 6.2.3.4-2 of TR 36.823)

and the minimum gap size condition is derived as
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The requirement on the minimum gap size is further detailed in TR 36.823 with the following conditions derived

	Requirement
	Minimum gap size

	ACS
	G ≥ 5 MHz

	IBB Case 1
	G ≥ 15 MHz

	IBB Case 2
	G ≥ 25 MHz


These conditions are straightforwardly derived from equation 1 above which is reflected in sub-clause 7.1 in the 36.101 specification as


Wgap ≥ (Interferer frequency offset 1) + (Interferer frequency offset 2) –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) ).

However, it is argued in [2] is that this condition under-specifies the requirement and in fact permits an interferer that actually overlaps one of the CC's which is clearly not the intention.  An example is provided in [2] of two 10 MHz CC's with 20 MHz gap and in-band blocker of -44 dBm, illustrated below copied from Figure 1 of [2].
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Figure 3. Case of interferer overlapping with measured carrier (Figure 1 of [2])

However, we note that the -44 dBm blocker is the in-band blocker case 2 as shown below in the table copied from TS 36.101.
Table 7.6.1.1-2: In-band blocking

	E-UTRA band
	Parameter
	Unit
	Case 1
	Case 2
	
	
	Case 3

	
	PInterferer
	dBm
	-56
	-44
	
	
	-38

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2
	
	
	-BW/2 - 11

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,

25, 26, 27, 28, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	
	

	30
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15
	
	
	FDL_low – 11

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


For in-band blocking case 2, it has already been shown that the minimum gap size must be >= 25 MHz as described above and detailed in TR 36.823.  Therefore, the example from [2] illustrates a case that should not be allowed.  The question that remains is whether the specifications, as currently written, effectively prohibit such a case.

The IBB case 2 interferer frequency offset is specified as <= BW/2 - FIoffset_case 2 if below the desired carrier or >= BW/2 + FIoffset_case 2 if above the desired carrier.  FIoffset_case 2 is bandwidth-dependent; for 10 MHz, it is 12.5 + 0.0125 MHz.  Therefore, applying this offset to the applicability condition gives

Wgap ≥ (BW1/2 + 12.5+0.0125) + (BW2/2 + 12.5 + 0.0125) –0.5*(BW1+BW2).

or


Wgap ≥ 25.025 MHz.

In other words, the gap must be at least 25.025 MHz in order for the in-gap IBB case 2 test to apply.  Since this example only has a 20 MHz gap, the IBB case 2 requirement would not apply.  Therefore, it is our view that the specification is sufficiently clear to prohibit such an invalid case.

One ambiguity that we do observe is that the interferer frequency offset can be both positive and negative (positive when the interferer is above the desired CC in frequency, and negative when it is below), whereas the equation for Wgap assumes that the offset is a positive number.  Thus, we propose to correct this error by specifying the Wgap with respect to the absolute value of the interferer frequency offset.  Additionally, it may be beneficial to optionally also provide clarification to the text for ACS and IBB by explicitly stating the minimum requirement on Wgap spacing as described in the specification changes below.
Power level

Another concern raised in [2] is the appropriate power setting for the interferer and for the desired signal for the ACS requirement.  Again, the agreed principles are well captured in the TR 36.823.  For single carrier requirements, the power of the interferer is generally a function of the bandwidth of the wanted signal; i.e., REFSENS + 45.5 for ACS as an example since REFSENS is channel bandwidth dependent.  For CA however, since the NC carriers are tested simultaneously, this can lead to an ambiguity if the bandwidths of each of the carriers are different.  It was agreed that the interferer power should be set to the larger value that would be obtained between the two component carriers.  This would leave the other carrier subjected to a stronger interferer than its single carrier requirement would demand.  Therefore, the power of this other carrier is also increased by the amount that the interferer increased in order to maintain the same wanted-to-interferer power ratio.
As an example, assume that the power of interferer when computed with respect to CC1 alone is P1 and the power of the interferer when computed with respect to CC2 alone is P2.  If P1 and P2 are different because the bandwidths of CC1 and CC2 are different, then the interferer power for the CA requirement should be set to the larger of P1 and P2; without loss of generality, we assume this to be P2 for this example.  Then, the power of CC1 also is increased by the amount (P2-P1) so that the wanted-to-interferer power ratio with respect to CC1 is maintained, despite the higher interferer power.

While this is easy to explain in the above text, it is not straightforward to convey this meaning in the specifications.  The current specification could benefit from improved language.

Specification changes

Here, we provide suggested 36.101 specification changes to address the concerns and issues described above.  A CR with these changes is also provided in [4].
Changes to General section (clause 7.1)

For the additional requirements for intra-band non-contiguous carrier aggregation, in-gap test refers to the case when the interfering signal(s) is (are) located at a negative offset with respect to the the assigned channel frequency of the highest carrier frequency; or located at a positive offset with respect to the assigned channel frequency of the lowest carrier frequency.

For the additional requirements for intra-band non-contiguous carrier aggregation, out-of-gap test refers to the case when the interfering signal(s) is (are) 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.

For the additional requirements for intra-band non-contiguous carrier aggregation with channel bandwidth larger than or equal to 5 MHz, existing adjacent channel selectivity requirements, in-band blocking requirements and narrow band blocking requirements shall be supported for in-gap tests only if the sub-block gap size satisfies the following condition so that the interferer position does not change the nature of the core requirement tested:


Wgap ≥ |Interferer frequency offset 1| + |Interferer frequency offset 2| –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

where the interferer frequency offset represents the interferer frequency offset per carrier specified in subclause 7.5.1 , subclause 7.6.1 and subclause 7.6.3.  The Wgap is defined with respect to the absolute values of the interferer frequency offsets.
Changes to ACS section (clause 7.5.1A)

For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, each larger than or equal to 5 MHz, the adjacent channel selectivity requirements are defined with the uplink configuration of the PCC being in accordance with Table 7.3.1A-3. The UE shall meet the requirements specified in subclause 7.5.1 for each component carrier while both downlink carriers are active. When the interferer is located in-gap between the two downlink carriers, the requirements apply only when the sub-block gap Wgap is greater than or equal to 5 MHz.  The frequency offset of the interferer relative to at least one of the downlink carriers shall be in accordance with subclause 7.5.1, and shall be greater than or equal to the specified offset relative to the other downlink carrier.  The interferer power is set to the larger value between those specified in subclause 7.5.1 when the bandwidths of the two component carriers differ for ACS case 1. The power level of the carrier other than the carrier for which the interferer power is referenced is increased.  The amount of this increase shall be equal to the difference in the interferer power when referenced to each downlink carrier independently, so as to keep the ACS level specified in subclause 7.5.1.
Changes to In-band blocking section (clause 7.6.1.1A)

For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, each larger than or equal to 5 MHz, the in-band blocking requirements are defined with the uplink configuration of the PCC being in accordance with Table 7.3.1A-3. The UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier while both downlink carriers are active.  When the interferer is located in-gap between the two downlink carriers, the requirements apply only when the sub-block gap Wgap is greater than or equal to 15 MHz for in-band blocking case 1.  For in-band blocking case 2 and case 3, the requirements apply when the sub-block gap Wgap meets the following condition

Wgap ≥ |Interferer frequency offset 1| + |Interferer frequency offset 2| –0.5*( (Channel bandwidth 1) + (Channel bandwidth 2) )

where the Wgap is referenced to the absolute value of the interferer frequency offsets specified in Table 7.6.1.1-2 for each downlink carrier.  The frequency offset of the interferer relative to at least one of the downlink carriers shall be in accordaince with subclause 7.6.1.1, and shall be greater than or equal to the specified offset relative to the other downlink carrier.
3. Conclusion
The specifications for NC intra-band CA receiver requirements have been analyzed compared to agreements on how the tests should be defined, as captured in the TR.  Based on this analysis, it was found that the specification language could benefit from clarification and additional detail.  It is not the intention that any requirement is changed, but that the specifications are clarified to remove possible ambiguity.
Reference

[1] R4-141302, "Minimum sub-block gap size for NC intra-band CA receiver specifications," Qualcomm Incorporated

[2] R4-141944, "On the test cases for intra-band non-contiguous aggregation (1 UL)," Ericsson

[3] R4-126965, "In-band blocker requirements for NC intra-band CA," Ericsson, ST-Ericsson

[4] R4-142929, "Corrections on minimum sub-block gap size and related clarifications for NC intra-band CA" Qualcomm Incorporated

1
1

_1413200072.unknown

