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1 Introduction

In the past meetings there have been several discussions on the baseline receiver and how to define the requirements for non contiguous carrier aggregation [1-2]. A way forward was agreed for the definition of the reference architecture used in order to define the requirements, i.e. it was decided to consider 2 receivers as baseline architecture. However, it was decided to check whether LO leakage may have an impact to the core requirements [3]. In this contribution we discuss some open issues for UE receiver requirements related with the LO leakage by considering the list of combinations which have been agreed [4] [ cf figure 1 ].  
2 Background
In the rest of the paper we will use the following notation
· ‘C’ corresponds to a scheduled/activated carrier

· ‘x’ corresponds to a 5MHz gap 

· ‘x...x’ corresponds to a scenario with several consecutive gaps (more than two 5Mhz gap).

· A symmetric scenario is a scenario where in each block there is an even number of activated carriers (e.g.  CxC, CCxCC or CCx...xCC etc ..)

· An asymmetric scenario corresponds to a scenario where in each block there is an odd number of activated carriers (e.g. CxCC, CxCCC etc..)

· A UE is said to be a yMHz (10, 15, 20MHz) bandwidth capable when it is able to receive yMHz contiguously (2, 3 or 4 contiguously aggregated carrier).

· The total RF bandwidth of the non-contiguous scenario is the distance between the max received frequency and the min received frequency, e.g. CxxC has a total RF bandwidth equal to 20MHz, and CxxxxxC has a total RF bandwidth of 35MHz .

The baseline receiver architecture considered in the following is based on 2 receivers, with 2 Local Oscillators (LO).

Two different sources of LO leakage can be considered:
1. Possible mixing of two VCOs (due to proximity/overlap), however the choice of VCOs, the number of VCOs, range of VCOs and the frequency planning in the transceiver is directly related to the impact of this problems on the core performance.  In conclusion we think that this problem is implementation dependent and does not need to be considered in order to define the requirements in 3GPP.
2. Pure LO leakage due to lack in mixer isolation.

In the following we consider the latter source of LO leakage for different requirements. 

	Scenario
	Band
	Gap length
	Number of Component Carriers
	Configuration

	A
	I
	5
	2
	C-5-C

	B
	I
	5
	3
	C-5-CC

	C
	I
	10
	4
	C-10-CCC

	D
	IV
	5
	2
	C-5-C

	E
	IV
	10
	3
	C-10-CC

	F
	IV
	15
	4
	CC-15-CC

	G
	IV
	20
	3
	CC-20-C

	H
	IV
	25
	4
	CC-25-CC


Figure 1. list of combinations.
3 Discussion
Because of lack in mixer isolation, mainly for non-contiguous intra-band test case, the LO signal can be found at the entrance of the second mixer. This signal will mix with one of the received carriers and will be downconverted in a portion of the spectrum which can fall within the wanted carrier or in an immediate vicinity.
For each requirement the additional interfering signal is considered as negligible if its level is at least 20dB below the noise level (considered for the legacy requirement). With this assumption a minimum requirements in terms of the leakage level is established and so therefore a minimum isolation of the mixer is requested [3].
Note that in the following the assumption is that single group of carriers are tested independently against the requirements as proposed in [5]. Hence when the first group of carrier is under test, the impact on the second group of carriers is not considered.
As indicated in [3] all core requirements have been analyzed for the various non contiguous carrier aggregation scenarios. For each test case we have studied the worst case scenario in order to quantify the minimum isolation of the mixer required in order to derive the corresponding core requirement relaxation requested by the UE. We end up with four cases requiring a potential core requirement relaxation as indicated in red in the following table. Such conclusion was reached taking a conservative assumption for the mixer isolation ( > 30dB ).
	Configuration
	REFSENS
	ACS
	IN-BAND BLOCKING
	NARROWBAND BLOCKING
	INTERMOD
	INTERMOD NARROWBAND

	C-5-C, BI T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-C, BI T2
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T2
	NO
	YES
	NA
	NA
	NA
	NA

	C-10-CCC, BI, T1
	NO
	NO
	NO*
	NA
	NA
	NA

	C-10-CCC, BI, T2
	NO
	NO
	YES*
	NA
	NA
	NA

	C-5-C, BIV, T1
	NO
	NO
	NA
	NO
	NA
	NO

	C-5-C, BIV, T2
	NO
	NO
	NA
	NO
	NA
	NO

	C-10-CC, BIV, T1
	NO
	NO
	NO*
	NO
	NA
	NO

	C-10-CC, BIV, T2
	NO
	NO
	YES*
	NO
	NA
	NO

	CC-15-CC, BIV, T1
	NO
	NO
	NO
	NO
	NA
	NO

	CC-15-CC, BIV, T2
	NO
	NO
	NO
	NO
	NA
	NO

	CC-20-C, BIV, T1
	NO
	NO
	NO
	NO
	YES
	NO

	CC-20-C, BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, BIV, T1
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, T2 BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO


*Valid only for 10MHz offset

Looking to the mixer state of the art, it seems more reasonable to assume that the amount of mixer isolation would be at least 70dB. As a consequence it would implies that only one possible relaxation of 5 dB for the intermodulation requirement would be required as indicated in red in the following table.
	Configuration
	REFSENS
	ACS
	IN-BAND BLOCKING
	NARROWBAND BLOCKING
	INTERMOD
	INTERMOD NARROWBAND

	C-5-C, BI T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-C, BI T2
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T2
	NO
	NO
	NA
	NA
	NA
	NA

	C-10-CCC, BI, T1
	NO
	NO
	NO*
	NA
	NA
	NA

	C-10-CCC, BI, T2
	NO
	NO
	NO*
	NA
	NA
	NA

	C-5-C, BIV, T1
	NO
	NO
	NA
	NO
	NA
	NO

	C-5-C, BIV, T2
	NO
	NO
	NA
	NO
	NA
	NO

	C-10-CC, BIV, T1
	NO
	NO
	NO*
	NO
	NA
	NO

	C-10-CC, BIV, T2
	NO
	NO
	NO*
	NO
	NA
	NO

	CC-15-CC, BIV, T1
	NO
	NO
	NO
	NO
	NA
	NO

	CC-15-CC, BIV, T2
	NO
	NO
	NO
	NO
	NA
	NO

	CC-20-C, BIV, T1
	NO
	NO
	NO
	NO
	YES
	NO

	CC-20-C, BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, BIV, T1
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, T2 BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO


*Valid only for 10MHz offset

Nevertheless regarding assumptions taken to reach this conclusion, we can be less pessimistic and thinking that the LO leakage will not bring any relaxation on core UE receiver requirement.

To complete our analysis we have to take into account not only the mixer isolation but also the fact that the mixer has a different gain when the carrier A is mixing with a LOA compare to the mixing of carrier present at the entrance of the mixer A and LOB [due to the lack of isolation of the second mixer B ], the last one having in general a lower gain [ cf Figure 2 ].

[image: image1]
Figure 2. General baseline architecture with 2 LOs.

Then the level of the interfering signal due to the impact of LO leakage is the result of the combination of mixer isolation and the difference of gain described above: summing these together would provide the final number to be considered for deriving the relaxation on the core requirements.
As a reasonable assumption we can then consider that these effect combination would provide a sufficient attenuation on the interferer to avoid UE core requirement relaxation in the Intermodulation case.

We can then conclude to the following table.

	Configuration
	REFSENS
	ACS
	IN-BAND BLOCKING
	NARROWBAND BLOCKING
	INTERMOD
	INTERMOD NARROWBAND

	C-5-C, BI T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-C, BI T2
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T1
	NO
	NO
	NA
	NA
	NA
	NA

	C-5-CC, BI, T2
	NO
	NO
	NA
	NA
	NA
	NA

	C-10-CCC, BI, T1
	NO
	NO
	NO*
	NA
	NA
	NA

	C-10-CCC, BI, T2
	NO
	NO
	NO*
	NA
	NA
	NA

	C-5-C, BIV, T1
	NO
	NO
	NA
	NO
	NA
	NO

	C-5-C, BIV, T2
	NO
	NO
	NA
	NO
	NA
	NO

	C-10-CC, BIV, T1
	NO
	NO
	NO*
	NO
	NA
	NO

	C-10-CC, BIV, T2
	NO
	NO
	NO*
	NO
	NA
	NO

	CC-15-CC, BIV, T1
	NO
	NO
	NO
	NO
	NA
	NO

	CC-15-CC, BIV, T2
	NO
	NO
	NO
	NO
	NA
	NO

	CC-20-C, BIV, T1
	NO
	NO
	NO
	NO
	NO
	NO

	CC-20-C, BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, BIV, T1
	NO
	NO
	NO
	NO
	NO
	NO

	CC-25-CC, T2 BIV, T2
	NO
	NO
	NO
	NO
	NO
	NO


3.1 Out of Band Blocking
As pointed out during last RAN4 meeting by some companies, Out of Band Blocking core requirements can be impacted by the LO leakage. Considering span with a step of 1 MHz to cover the whole frequency band as described in the legacy test, this would imply to analyze all possible intermodulation product with the blocks of carriers to determine the potential interferers falling in the signal band.

In non contiguous carrier aggregation context, the complexity of the test is therefore increased due to the increased number of combinations of downlink carrier and the uplink carrier positions. 

As a consequence and in order to simplify the test, we kindly request to operators to provide some recommendations on possible scenarios to limit the investigations only to realistic bands combinations.

Finally, a specific study should be done to check if a relaxation would be needed and/or if we have to re-consider the numbers of exceptions allowed.
4 Conclusions

In this contribution we have analyzed the core requirements for the non contiguous carrier aggregation assuming single block of carrier testing (as specified in [5]) and the possible need for relaxations of the requirements. We can then conclude that using state of the art receiver no relaxation would be needed on core requirements on non contiguous carrier aggregation except for out of band blocking. For this last case further studies are required to determine if new test cases and/or possible relaxations are required to be specified in the core requirements.
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