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1
Introduction
Core requirements for all receiver characteristics should also be specified for uplink inter-band carrier aggregation in the 3GPP specification in order to provide guidance for implementation of the feature. Many of these performance requirements may not have to be conformance tested should sufficient coverage be achieved for the 1UL case. 
Much of the core RF performance for uplink inter-band CA would indeed be implicitly verified by the non-CA and the existing downlink inter-band CA cases so there is room for reduction of the number of tests for the conformance test specification. However, this depends on the uplink power used in the test cases: if for ACS the power for is maintained PUMAX – 4 dBm relevant for the single-uplink case, then the cross-modulation is doubled with possible impact on the ACS performance. An output power of PUMAX – 4 dBm per uplink can still be produced by the UE since the total power is less than Ppowerclass. For consistency with Rel-8 performance requirements, an uplink power of PCMAX_L – 7 dBm per uplink could be used. This would also specify the conditions under which ACS performance should be maintained when the UE is configured for uplink inter-band CA.
How to configure the UL power for the receiver tests? This contribution contains a proposal on the power setting of the UL. One thought is to reduce the uplink power to a level below the commonly assumed PCMAX_L – 3 dBm per uplink (+20 dBm) in order to avoid IMD4 and IMD5 products in the verification of reference sensitivity, which can lead to further reclassification of band combinations and a hassle in conformance testing. The receiver linearity would still be sufficiently verified for Class A4 in the presence of lower-order IMD products.
2
Uplink power for verifying receiver performance
2.1
Reference sensitivity for uplink inter-band CA

2.1.1
General
For uplink inter-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. In live operation the output power levels of the two uplink component carriers can be substantially different for inter-band CA, but for verification of the receiver requirements the UL power balance should be fixed in view of the test complexity. The powers of the transmitter IMD products vary with the uplink power balance and the frequency positions of the IMD products depend on the CA band combination. The UL test configuration should be applicable to any band combination, whence it appears most straightforward to verify the receiver core requirements with equal power on the two uplinks whenever this is possible; there may be significant A-MPR allowed on one of the uplinks for some NS values and allocations.

The most straightforward choice for the reference sensitivity is to set the uplink power levels at

MIN(PCMAX_L – 3, PCMAX_L,c),

where the second argument caters for the case in which a PRB allocation for the associated NS value indicated allows a power reduction such that the maximum power of a component carrier is reduced to a level below PCMAX_L – 3 dBm. Hence the total power is PCMAX_L which corresponds to the PUMAX used for the non-CA case. However, these levels give rise to IMD4 or even IMD5 products falling in the receive band for several band combinations as reported by many companies, see e.g. [1] and [2]. 
2.1.2
Class A4

Verifying reference sensitivity with due account for IMD4 and IMD5 may be complicated. It is not only complicated to keep track of the uplink frequencies for which these products appear in the victim receive channel when known, these higher order products are often more unpredictable and can appear for band combinations that were not classified as A4 initially. One way to avoid the IMD4 and IMD5 is to reduce the uplink power whence these higher-order products decay rapidly. This could be achieved by setting reference sensitivity is to set the uplink power levels at a tentative

MIN(PCMAX_L – [5], PCMAX_L,c).

The purpose of the reference sensitivity test is to verify receiver noise factor (including linearity), and the power reduction will reduce the desensitization. However, for class A4 combinations the receiver performance would still be sufficiently verified for cases where IMD2 and IMD3 appear in the victim band. A lower uplink power would also mean that reclassification of class A4 combination is not necessary.
2.1.3
Class A2 and Class A2/A4
For the UE that supports CA configurations of Class A2 with 1UL, exceptions are allowed whenever transmitter harmonics generated in the lower-frequency uplink channel falls into the downlink channel of the higher frequency operating band. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a and Table 7.3.1A-0b in 36.101 with the transmitter in the low band set to PUMAX = PUMAX,c. 
For Class A2 combinations, the harmonics problem obviously remain when 2UL are configured, possibly exacerbated by inter-modulation problems in which case the combination becomes a Class A2/A4 combination. Setting the power of each transmitter to MIN(PCMAX_L – 3, PCMAX_L,c) or lower, the power level of the harmonic product falling in the upper-frequency downlink channel would be lower than for the 1UL case, unless for possible exceptional cases in which the allowed relaxations are such that PCMAX_L,c < PCMAX_L – 3 dBm in the low frequency band. The requirement for 2UL/1UL is therefore dimensioning.

For A2 combinations, one way could be to reuse the single-uplink requirements even if the uplink power of the low band is reduced to MIN(PCMAX_L – 3, PCMAX_L,c) or even lower. For class A2/A4 combinations, the impact of the harmonic product should be evaluated at these lower power levels relevant for 2UL, the HD would be further reduced should an uplink level around MIN(PCMAX_L – [5], PCMAX_L,c) be chosen in order to reduce impact of the higher-order IMD discussed above. Then the uplink level would be similar to that used for verifying selectivity and blocking requirements.
2.2
ACS and in-band blocking
For verifying the ACS and in-band blocking requirements, the power levels of the two uplinks should be set at


MIN(PCMAX_L – 7, PCMAX_L,c),

where the second argument caters for the case in which a PRB allocation for the associated NS value indicated allows a power reduction such that the maximum power of a component carrier is reduced to a level below PCMAX_L – 7 dBm. 
The effect on ACS of cross-modulation would be increased with two uplinks active compared if the power level for  the single-uplink case is retained per uplink. 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 inter-band CA with the wanted downlink signal levels kept unchanged.
2.3
Out-of band blocking and receiver spurious response

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


MIN(PCMAX_L – 7, PCMAX_L,c).

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 inter-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 (Option 2 in 5.2.9.1), but for a reduced power for each uplink, the number of spurious responses could be kept the same as for the downlink inter-band CA case (2DL/1UL with the single uplink 4 dB below the maximum power): 

For Table 7.6.2.1A-0 in frequency ranges 1, 2 and 3, up to 
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 exceptions per downlink are allowed for spurious response frequencies when measured using a step size of 1 MHz. For these exceptions the requirements in clause 7.7.1A apply.
3
UL allocation for RF receiver tests
Many of the receiver tests for uplink inter-band CA can be omitted in the conformance test specification, but reference sensitivity should be verified for Class A4 combinations and the out-of-band blocking requirements for all classes (the number of spurious responses could increase for two uplinks) to the very least.
The wanted downlink signal levels in the non-CA and downlink inter-band CA test cases are set relative to the reference sensitivity level for non-CA operation, possibly augmented by a small RIB,c. In most cases, the PRB allocation is set in accordance with the reference sensitivity test for non-CA operation. Exceptions are allowed for Class A2 combinations whenever transmitter harmonics of a certain order is falling into the high band, whence the PRB allocation for the low band is chosen such that the HD component matches the bandwidth of the carrier in the (victim) high band; the same allocation can be used for the 2UL case.
For Class A4, exceptions to the non-CA reference sensitivity requirements must also be allowed when an IMD product falls in the own receive band. Then it is tempting to choose the allocation such that the bandwidth of the IMD product with its order matches the receive bandwidth like for the case of HD, this in order to maximize the effect. While this is certainly feasible, the allocation for a certain configuration needs to be tailored according to the order of the IMD product for each case. Alternatively, the PRB allocations for the exceptions are maintained as per Table 7.3.1-2 in 36.101 like for the standard test configurations (often maximum allocation). The IMD products are then wider, thus affecting more channels but each and every one to a slightly lesser extent. Which is the worst case? One can of course argue that the uplink allocation is hardly at maximum at the cell edge.
Choosing small allocations (order of few PRB) for verifying performance for Class A4 is less attractive due to possible IP2 problems, although the requirements for many bands have been modified to account for this.
4
Wanted downlink signal level
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. The uplink power level should be chosen so that the test is relevant from a deployment perspective; the uplink and downlink should be reasonably balanced (reference sensitivity is verified at maximum uplink to mimic cell-edge conditions for example). For the receiver tests with their allowed desensitization, a power setting of the uplinks at power levels like PCMAX_L,c – 5 dBm or PCMAX_L – 7 dBm for uplink inter-band CA does not present any major difference in terms of the relevance of the tests.  

5
Proposal

We propose that core requirements for all receiver characteristics should also be specified for uplink inter-band carrier aggregation in the 3GPP specification in order to provide guidance for implementation of the feature. 
In particular, for the reference sensitivity test, it is proposed to reduce the uplink power to a level below PCMAX_L – 3 dBm (+20 dBm in most cases) in order to eliminate effects of IMD4 and IMD5 falling in the receive band. This would also avoid reclassification of band combinations and simplify the test configurations for all receiver requirements, without losing significant test coverage.
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