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1 Background
This contribution is a resubmission of [1]: the technical arguments are the same but some amendments of proposed specification text have been made.

First we revisit the conditions for in-gap measurements and provide additional motivation for a change assuming that performance requirements for intra-band non-contiguous CA are verified by simultaneous measurements on the two downlink carriers following the intention outlined in TR 36.823. The existing conditions for in-gap measurements allow an in-gap interferer to overlap with one of the measured carriers so a change must be made.
Some of the actual test cases also need maintenance. For the implementation of the reference sensitivity test in the conformance test specification, RAN5 has identified contradictions in the core requirement and made the interpretation that a simultaneous test is not possible. We therefore propose changes to the test configuration of the reference sensitivity test to allow simultaneous tests consistent with the rest of the receiver performance tests for intra-band non-contiguous CA. Changes are also proposed for the ACS, in-band block and narrowband blocking to make clear that these requirements apply only for in-gap and out-of-gap interferers. 
2 Condition for in-gap measurements
The existing specification text in 36.101 Clause 7.1 reads:
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 offsets “Interferer frequency offset 1” and “Interferer frequency offset 2” are determined relative to the respective carrier frequencies F1 and F2 of the two carriers:
(1.1)
“Interferer frequency offset 1” = FInterferer – F1 and “Interferer frequency offset 2” = FInterferer – F2
with FInterferer the carrier frequency of the interferer. The conditions for an in-gap test are thus
(1.2)
FInterferer > F1 and FInterferer < F2.
The condition on Wgap does not provide any additional information: if the interferer frequency offset relative to one of the measured carriers is used for determining the type of requirement (ACS or in-band blocking) and the associated interferer power, the absolute value of the interferer offset relative to the other carrier just has to be small enough to be in accordance with the “in-gap” condition. Indeed, by using (1.1) the condition on Wgap simply yields
FInterferer ≤ F2,
the same as (1.2). 
More importantly, the current condition of Wgap also allows the interferer to overlap with one of the two wanted carriers and asymmetric interferer power levels in the gap. An example: suppose two 10 MHz carriers are configured with a 20 MHz gap. In the standard in-band blocking test, the interferer level is -44 dBm for interferer offsets ≥ (0.5*10 + 15) MHz. For measurements on “Carrier 1” with “Interferer frequency offset 1” ≥ 20 MHz, a blocker level -44 dBm is therefore allowed as long as “Interferer frequency offset 2” ≤ 0 Hz, see Figure 1. Hence this blocker is allowed to overlap with “Carrier 2” that has a wanted signal level of the order of -90 dBm. The condition for in-gap measurements is not sufficient in itself: the condition on Wgap must be changed.
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Figure 1: case with interferer overlapping with the measured carrier.
The allowed interferer power profile should be symmetric with respect to the midpoint of the gap regardless of the carrier bandwidths: for the case in Figure 1 an ACS interferer for the first 5 MHz of the 20 MHz gap, a -56 dBm interferer for the next 10 MHz and ACS again for the last 5 MHz adjacent to the other carrier.
The maximum interferer level should be that attainable at the mid-point of the gap, which also means that one and the same maximum can be attained with respect to any one of the two carriers. For the example above: the mid-point at 10 MHz offset from the carriers edges should only accommodate a -56 dBm in-band blocker: Case 1 with a ±(7.5 MHz + BW/2) interferer offset with respect to either one of the two carriers. The present conditions allow a -44 dBm interferer that it even allowed to coincide with one of the measured carriers. In order to allow a -44 dBm blocker, the gap must exceed 2*12.5 MHz, whereas a gap of 5 MHz should only allow an ACS interferer.
Figure 2 shows the case with a symmetric interferer power profile with respect to the midpoint of the gap. The carriers are
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Figure 2: interferer offsets and symmetric interferer levels for in-gap measurements.
measured simultaneously, but it is sufficent to use the frequency offset relative to one of the carriers for determining the interferer power level. With the maximum interferer level attained at the mid-point of the gap, the offset relative to the lower carrier should be used for any interferer frequency below this point, while the offset relative to the upper carrier should be used for any interferer above. This can be used to derive conditions on the offsets for in-gap measurements: the interferer offset FInterferer(offset),j with respect to carrier j with channel bandwidth BWChannel(j), j = 1,2, should be such that

(1.3)
0.5Wgap ≥ | FInterferer(offset),j | – 0.5BWChannel(j) 
with the absolute value used since negative offsets are possible. If the condition (1.3) is met for one of the carriers, it cannot be met for the other unless the interferer frequency coincides with the midpoint of the gap, see Figure 2. This is consistent with the formula for UTRA in 25.101 and the corresponding in-gap requirements


Gap length ≥ 2*Interferer frequency offset –5MHz.

Hence, for in-gap measurements, a gap Wgap < 15 MHz would only allow ACS measurements, the -56 dBm in-band blocker level is allowed if Wgap ≥ 15 MHz, while a -44 dBm level is allowed if Wgap ≥ 25 MHz. 
With the above changes, an in-gap interferer cannot coincide with one of the measured carriers. It should also be made clear in 36.101 that in-gap requirements do not apply for this case. The necessary changes in clause 7.1:  

For the additional requirements for intra-band non-contiguous carrier aggregation of two component carriers (one component carrier per sub-block), an in-gap test refers to the case when the interfering signal(s) is (are) located at a negative offset with respect to the assigned channel frequency of the highest carrier frequency and 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 of two component carriers (one component carrier per sub-block), an 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 of two component carriers with channel bandwidth larger than or equal to 5 MHz (one component carrier per sub-block), the existing adjacent channel selectivity requirements, in-band blocking requirements and narrow band blocking requirements apply for in-gap tests only if the sub-block gap size Wgap between the two measured carriers j, j = 1,2, satisfies the following condition for at least one of these so that the interferer frequency position does not change the nature of the core requirement tested:


Wgap ≥ 2∙|FInterferer (offset),j|  – BWChannel(j)
where FInterferer (offset),j  is the interferer frequency offset with respect to carrier j as specified in subclause 7.5.1, subclause 7.6.1 and subclause 7.6.3 for the respective requirement, while BWChannel(j) is the channel bandwidth of carrier j.
NOTE: 
the condition above can only be met for one of the measured carriers unless the center frequency of the interfering signal is at the mid-point of the sub-block gap.

with an informative note added to explain the condition on Wgap. 
The selectivity and blocking requirements should only apply for in-gap or out-of-gap interferer positions, but more about that later.
3 The reference sensitivity test

The reference sensitivity test has caused some confusion in RAN5 when implementing the test in the 36.521-1. RAN5 has interpreted the test configuration for the core requirements as if a first measurement of the TP should be made on the downlink PCC with an UL allocation according 7.3.1-2 followed by a second measurement of the TP of the downlink SCC with a different UL allocation on the PCC as per Table 7.3.1A-3. This means that the PCC and SCC throughputs are not tested simultaneously (they cannot since the uplink allocations are different), which goes against “the throughput of each downlink component carrier shall be ≥ 95%”.
The existing specification of the reference sensitivity core requirement is as follows:
For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, the throughput of each downlink component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1. The reference sensitivity is defined to be met with both downlink component carriers active and one uplink carrier active. For reference sensitivity measured on the downlink PCC, the parameters in Table 7.3.1-2 apply. For reference sensitivity measured on the downlink SCC, the parameters in Table 7.3.1A-3 apply. The minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in DRIBNC in Table 7.3.1A-3 for the downlink SCC. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.

Table 7.3.1A-3: Intra-band non-contiguous CA uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_25A-25A
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 50.0
	101
	4.5
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < Wgap ≤ 45.0
	104
	5.0
	

	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	CA_41A-41A
	NOTE 6
	NOTE 7
	NOTE 8
	0.0
	TDD

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission.
NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

NOTE 5:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.

NOTE 6:
All combinations of channel bandwidths defined in Table 5.6A.1-3.

NOTE 7:
All applicable sub-block gap sizes.

NOTE 8:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.


The test configuration should be changed to make clear that simultaneous measurements on the two downlink carriers should be made with the allocation according to Table 7.3.1A-3 with the SCC DL closest to the duplex gap for FDD. The sensitivity levels are then the basis for the blocking and selectivity tests that are also verified with simultaneous measurements on the two carriers. Then the test specification text would look as follows:
For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the throughput of each downlink component carrier shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with both downlink component carriers active and parameters specified in Table 7.3.1-1 and Table 7.3.1A-3 with the power level in Table 7.3.1-1 increased by RIBNC given in Table 7.3.1A-3 for the SCC. Unless given by Table 7.3.1-3, the reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 
An UL allocation of according Table 7.3.1-2 would only be relevant for measurements on the two downlinks in case the PCC DL is closest to the duplex gap, but this case is not used in other tests and is not included in the TR 36.823. The measurements should always be made with the PCC UL closest to the duplex gap as specified in Table 7.3.1A-3.

The single uplink can only be active on the PCC so no need to mention this in the specification text. 

For an uplink allocation according to Table 7.3.1-2 to be meaningful, the PCC DL should be put closest to the duplex gap, which is an additional test configuration. This could indeed also be specified, similarly to the case for inter-band CA for which the reference sensitivity is specified with the uplink active on either of the two component carriers. However, only one of the uplink configurations is used for verification of other receiver requirements.
4 Adjacent channel selectivity
The specification of the ACS requirement may also need some maintenance. The selectivity and blocking requirements should only apply for in-gap or out-of-gap interferer positions, hence not for the case in which the interferer frequency is neither in-gap nor out-of-gap, i.e. overlapping with the carrier not measured. Moreover, the description of the test configuration should perhaps also be clarified:
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. The interferer power is set to the larger value between those specified in subclause 7.5.1. The power level of the carrier other than the carrier that the interfering signal is located with respect to is increased so as to keep the ACS level specified in subclause 7.5.1.
The intended test configuration is shown in Figure 3 that is borrowed from 36.823, the respective bandwidths of C1 and C2 and 5 and 10 MHz and the interferer levels are derived from Case 1 in 7.5.1. The larger value of the interferer level needs   
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Figure 3: ACS test for Band 25 with bandwidths of C1 = 5 MHz and C1 =10 MHz.

to be picked when the bandwidths are unequal, and the wanted signal levels of both carriers adjusted in accordance with the respective ACS requirements. The test configuration should be as follows

1. for Case 1, Pinterferer is set to the maximum of the interferer levels yielded by the two carriers and is used for interferer frequency offsets relative to both carriers;
2. the wanted signal levels of the two carriers are set in accordance with the respective ACS requirement relative to this interferer level
3. for Case 2, Pinterferer is -25 dBm with a power offset of the two wanted signal set in accordance with Item 2 (hence this power offset is maintained for all power levels between Case 1 and Case 2).
The ACS requirement applies for all interferer levels between Case 1 and Case 2 so the power offset must be the same.

The above could be captured as follows in 36.101:
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 in accordance with Table 7.3.1A-3. For this uplink configuration, the UE shall meet the requirements specified in subclause 7.5.1 for each component carrier subject to in-gap and out-of-gap interferers while both downlink carriers are active. The interferer power Pinterferer for Case 1 in Table 7.5.1-2 shall be set to the maximum of the levels given by the two downlink carriers. For both Case 1 and Case 2 (Table 7.5.1-3), the wanted signal power level of each carrier shall be set in accordance with the ACS requirement (Table 7.5.1-1) relative to the interferer power level.
The UE shall meet the requirements in clause 7.5.1, but with an uplink configuration in accordance with Table 7.3.1A-3 rather than Table 7.3.1-2 that is referred to in 7.5.1. It is also made clear that the requirement is only applicable for in-gap and out-of-gap interferers. 
5 In-band blocking and narrow-band blocking
Similarly for the in-band and narrow-band blocking requirements, the Rel-8 requirements are applicable with an uplink allocation according to Table 7.3.1A-3 and only for in-gap and out-of-gap interferers, the necessary changes for the two respective cases are
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  being in accordance with Table 7.3.1A-3. For this uplink allocation, the UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier subject to in-gap and out-of-gap interferers while both downlink carriers are active.

and 
For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the narrow band blocking requirements are defined with the uplink configuration in accordance with Table 7.3.1A-3. For this uplink configuration, tThe UE shall meet the requirements specified in subclause 7.6.3.1 for each component carrier subject to in-gap and out-of-gap interferers while both downlink carriers are active.

6 Out-of-band blocking and wideband intermodulation
The out-of-band blocking and wideband intermodulation requirements for Rel-8 are applicable with an uplink allocation according to Table 7.3.1A-3, the necessary changes are

For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the wide band intermodulation requirements are defined with the uplink configuration in accordance with Table 7.3.1A-3. For this uplink configuration, the UE shall meet the requirements specified in subclause 7.8.1.1 for each component carrier while both downlink carriers are active. The wide band intermodulation requirements shall be supported for out-of-gap test only.
with the requirements for spurious response modified accordingly and

For intra-band non-contiguous carrier aggregation with one uplink carrier and two downlink carriers, the out-of-band blocking requirements are defined with the uplink configuration being in accordance with table 7.3.1A-3. For this uplink configuration, the UE shall meet the requirements specified in subclause 7.6.2.1 for each component carrier while both downlink carriers are active.
7 Proposed changes to 36.101
To sum up, the conditions for in-gap measurements should be changes as described in Section 2, a CR for introducing the necessary changes are supplied in [2]. Furthermore, the specification of the test configurations for verifying receiver performance for intra-band non-contiguous CA should be changes as described in Sections 3-6, a CR for introducing the necessary changes are supplied in [3].
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