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1
Introduction
Should requirements for uplink intra-band non-contiguous aggregation cover both non co-sited and co-sited deployments of the two carriers? If so, requirements for transmitter performance should also cover the case of unbalanced output power on the two active uplinks (core requirements at least).
Significant effort has been spent on the co-sited scenario as documented in 36.833-4. Non co-sited deployment has to be considered for uplink intra-band CA according to 36.300; similar test configurations for the transmitter should be used if applied to the intra-band non-contiguous case in addition for adequate test coverage. 
In this contribution we briefly consider modifications to test configurations for intra-band non-contiguous aggregation should unbalanced transmitter power be covered. Many requirements would then be similar for uplink inter-band CA, so it is relevant to look at some of test configurations already included in 36.860 in addition.
2
EVM

We begin by considering the EVM requirements and the reference architecture for intra-band NC CA shown in Figure 1. In [1] it was proposed that the test configuration for EVM should be the same as for the contiguous case: each carrier to be measured in turn with the other active but not allocated. Initially, the test configuration for the EVM requirements 
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Figure 1: non-contiguous intra-band CA reference transmitter architecture (36.833-4).
for intra-band contiguous CA in 36.101 included an allocation of both component carriers but was abandoned due to problems with the global in-channel test. This test is less straightforward for CA since the LO configuration of the UE is not known a priori as in Rel-8: either an LO per component carrier or a common LO for both uplinks. This would also have created problems for measurements of the frequency accuracy, see [2] for more details. However, this may not be a problem for the non-contiguous case with the reference architecture in Figure 1 with separate IQ modulators. In the latter case it is relevant to allocate both carriers, in particular if unbalanced power levels are allowed for the two uplinks. Figure 2 shows the two cases: the contiguous (co-sited) case above with a common and separate LO (the dotted lines) and the non-contiguous case below (non co-sited) case below.
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Figure 2: test confiugration for verifying EVM for the contigous (top) and non-contiguous (bottom) CA cases.

The EVM requirements apply down to the minimum output power (-40 dBm). However, this minimum level should be increased for the measured carrier (Carrier 1 in Figure 2) in case the other carrier (the allocated Carrier 2) is near maximum power due to the unwanted emissions from the latter.
2
Output power dynamics
Next we consider relevant test configurations for verifying output power dynamics when the output powers on the two carriers are unbalanced. These should be similar to the configurations for uplink-inter band CA, albeit not identical, so we use the agreed text in 36.860 as a starting point.
In general, many of the difficult cases have been removed in 36.860, but do the remaining requirements ensure proper test coverage? All requirements are also tested for non-CA operation. Independent behaviour on the two carriers (e.g. independent power control) should be tested, but the output power in one of the TX bands might have to be restricted due to limit unwanted emissions problems into the other TX band just as for the EVM case discussed above.
2.1
Minimum output power
For uplink inter-band CA, the minimum output power should be verified as follows, according to 36.860: 
5.2.6.1

Minimum output power

For dual ul interband CA UE the minimum output power requirements is set to -40 dBm per transmitted carrier / MBW when the power in both UL carriers is set to a minimum output power level.
[…] This can be specified by adding following highlighted text into 36.101

6.3.2A

UE Minimum output power for CA

For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the minimum controlled output power of the UE is defined as the transmit power of the UE per carrier, when the transmit power on both carriers is set to a minimum value.
For intra-band contiguous carrier aggregation, the minimum controlled output power of the UE is defined as the transmit power of the UE per component carrier, i.e., the power in the channel bandwidth of each component carrier for all transmit bandwidth configurations (resource blocks), when the power on both component carriers are set to a minimum value.
The reason for verifying minimum power with both carriers at minimum power is due to the -30 dBm/MHz spurious emissions requirement; it is not required to keep the -40 dBm/BWchannel within an UL CC when the own UE is transmitting on the other CC. Is this test coverage sufficient even for the co-sited deployment scenario?

In general, the -40 dBm/BWchannel minimum requirement must be met for any given uplink channel, although other UE(s) transmitting in other bands are allowed to “pollute” the said uplink channel with up to -30 dBm/MHz (spurious emissions). However, in many cases the spurious emissions into other uplink bands are not wideband, so still relevant to have a -40 dBm/BWchannel in-channel requirement from a near-far perspective. 
For uplink inter-band CA, and arguably also for intra-band non-contiguous CA, one could question the test coverage added by verifying both uplinks simultaneously at minimum output power. Alternatively, it may be possible to verify the ability to keep the minimum power of one carrier while the other is transmitting but with reduced power? One option is to verify the minimum power of one carrier while the other is at Pcmax,c – [X] dB, which reduces the unwanted emissions into the measured carrier. ACLR must always be met, which means that the allocated (but not measured) carrier is set at around 0 dBm while the -40 dBm/BWchannel minimum requirement is verified for the measured carrier. This could perhaps be stated as
6.3.2A

UE Minimum output power for CA

For inter-band carrier aggregation with the uplink assigned to two E-UTRA bands the minimum controlled output power of the UE is defined as the transmit power of the UE per carrier; the requirement applies when the transmit power on the other carrier is [X] dB below PCMAX_L,c.
for inter-band CA, and similar for intra-band non-contiguous CA (“X” may be different then). Hence we would allow for some, albeit limited, power unbalance.
2.2
Power control

For uplink inter-band CA, the minimum output power should be verified as follows, according to 36.860: 
5.2.6.4
Power Control

5.2.6.4.1 Absolute power tolerance
For dual uplink inter-band carrier aggregation, the absolute power control tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by maximum output power as defined in subclause 6.2.2A. The requirements defined in Table 6.3.5.1.1-1 shall apply on each component carrier with both component carriers active. The requirements can be tested by time aligning any transmission gaps on both the component carriers.
5.2.6.4.2 Relative power tolerance
For dual uplink inter-band carrier aggregation, the relative power tolerance is specified on each component carrier exceed the minimum output power as defined in subclause 6.3.2A and the total power is limited by PUMAX as defined in subclause 6.2.5A. The requirements shall apply on each component carrier with both component carriers active. The UE transmitter shall have the capability of changing the output power independently on all component carriers in the uplink and:
a)
the requirements for all combinations of PUSCH and PUCCH transitions per component carrier is given in Table 6.3.5.2.1-1.  
b)
for SRS the requirements for combinations of PUSCH/PUCCH and SRS transitions between subframes given in Table 6.3.5.2.1-1 apply per component carrier when the target and reference subframes are configured for either simultaneous SRS or simultaneous PUSCH.

c)
for RACH the requirements apply for the primary cell and are given in Table 6.3.5.2.1-1.
The requirements apply with both component carriers active” – this may need further clarification. Independent power control on the two component carriers should be verified. This has also been discussed for the intra-band contiguous CA case. It is also noted that all possible PUSCH/PUCCH/SRS combinations are not possible.
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