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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]. In the last meeting 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. In this contribution we discuss this issue by considering the list of combinations which have been agreed [3].  
	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


2 Discussion

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. 

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. 
A generic architecture is shown in Figure 1.


[image: image1]
Figure 1. General baseline architecture with 2 LOs.
Because of lack in mixer isolation, the LO signal for example LOB can be found at the entrance of the mixer A (and viceversa). This signal will mix with one of the received carriers (or a blocker, CB in the example) and CB will be downconverted in a portion of the spectrum which can fall within the wanted carrier or in an immediate vicinity (within the downconverted version of CA in the example). It should be noted in general that the mixer has a certain gain  when carrier CA is mixing with Mixer A, while the mixing of LOB with carrier CB will be affected by a different gain (in general lower). However in order to consider the worst case, in the following we make the hypothesis that the gain levels are the same.
It should be noted that in the following sections we provide examples of the possible effect which LO leakage may have on the different tests. 
Note that in the following the assumption is that single group of carriers are tested independently against the requirements as proposed in [4]. Hence when the first group of carrier is under test,  the impact of this group of carriers into the second group of carriers is not considered.
2.1 REFSENS
Figure 2 shows the impact of the LO leakage in case of REFSENS.
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It can be seen that the impact on the REFSENS is considered as marginal if the level of the interferer in the wanted carrier is 20dB lower than the thermal noise, i.e.~-119dBm.

This requires a minimum isolation of the mixer of ~6dB.

This level of isolation is considered to be easily achievable. Hence no relaxations are necessary.
2.2 ACS

For the ACS test we consider two scenarios: CxxCCC and CxCC.

Scenario 1. Testing the first group of carriers

[image: image3.png]Lo3 + -52 dBm/3.84 MHz
AdjacentChannel

Lo1 36.7dB

-88.7 dBm/3.84 MHz
REFlor+ 14

oL oL JoL
2134




The contributors to the noise level are:

· The thermal noise level is ~ -99.15 (-174dBm+10log10(3.86e6)+NF), NF=9 

· The ACLR of the interferer (33dB)
· The interferer – the ACS capability of the UE (33dB)

The total noise level is ~-81.9dBm. An additional interferer level 20dB lover than the total noise level is considered as acceptable, i.e. -101.9dBm. This implies a minimum isolation of the mixer of 13.2dB. This is considered to be easily achievable.
Scenario 1 Testing the second group of carriers

On the opposite the test may become much more demanding in the case when DL 2,3,4 are tested.
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Where C2,3,4 are tested for the ACS  but because of the leakage the interferer is present also at +5MHz offset w.r.t the C4 wanted carrier, which would make the test becoming a double ACS test. We assume that if the additional interference level is between 20-30dB lower than the main interferer, this will have negligible effect on the UE core performance.

This requires a minimum mixer isolation between 20-30dB. Note that in this case the signal level is weak while the interferers level is higher and hence the gain of down-conversion are different. Additional isolation may be needed in order to make sure that at least 20dB difference between the 2 interferer levels is guaranteed after the mixer.
Scenario 2 Testing the second group of carriers
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Under this scenario the interferer located in the gap can leak into carrier C3 because of lack of mixer isolation. The noise component can be considered to be ~-99.15, hence this interferer is considered to introduce negligible degradation is itslevel is 20dB lower than the noise level, i.e.-119.15. This would require an isolation between 60 and 70dB. 
Relaxation of the requirements may be needed in this case, depending on a minimum assumption on the isolation which can be required. 
2.3 In-band blocking

Two possible scenarios are considered. 
Scenario 1.
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Under this scenario C2, C3 and C4 are leaking into carrier 1 and on the first adjacent carriers. Morover, the blocker creates interference in the wanted carrier due to intermodulation with the leaked signal. 

The level of the intermodulation product can be computed as

IM= 2Pleakage+Pblocker -2IIP3 

The noise level can be considered to be at -99.15dBm and the acceptable leakage level to be -119.15dBm. The IM value is considered as negligible (~-250dBm).
Hence this would require a minimum isolation of 19.45dB.
By assuming a reasonable amount of mixer isolation, none of these effect have a significant impact in the wanted carrier under test. Additionally it should be noted that the blocker is mixing with LO3 and creating a leakage signal with a -10MHz offset w.r.t the wanted carrier.

Depending on the isolation of the mixer, the tests becomes a “double” in-band blocking test with a blocker at +10MHz with -56dB signal level and a blocker at -10MHz with -56-Isolation signal level.

This means that the test becomes more stringent to be fulfilled unless the leaking signal is negligible compared to the wanted signal level.
We assume that if the additional interference level is between 20-30dB lower than the main interferer, this will have negligible effect on the UE core performance (by considering symmetric filters in the UE).

This requires a minimum mixer isolation between 20-30dB. Note that in this case the signal level is weak while the interferers level is higher and hence the gain of down-conversion are different. Additional isolation may be needed in order to make sure that at least 20dB difference between the 2 interferer levels is guaranteed after the mixer.

Senario 2:
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Under this scenario the major component of the interference is the blocker which leaks into carrier C4.

The signal level is -99.7dBm, the noise level is ~-99.15dBm, the maximum amount of interference tolerated in C4 is considered to be ~-119dBm which would require an isolation of the blocker between 60 and 70dB. Note that the additional IM product has a negligible effect.
Relaxation of the requirements may be needed in this case, depending on a minimum assumption on the isolation which can be required. 
2.4 Narrow-band blocking 
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Under this scenario DL C2 and 3 are leaking into carrier 1 and its adjacent carriers, but as seen in the previous section this effect can be considered as negligible with a reasonable amount of isolation. Additionally the blocker can intermodulate with one of the leakage signal. Again, by considering the same arguments as in the in-band blocking this effect can be considered as negligible with a reasonable amount of isolation.

No major difference with legacy requirement is foreseen.

2.5  Intermodulation
Because of the offset level the intermodulation test in gap will be applicable only for limited configurations in band IV. The worst case it considered to be CCxxxxC.
Scenario CCxxxxC Testing the second group of carriers
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In addition to intermodulation products the leakage of LO12 produces an additional blocker located 7.5MHz apart from the wanted carrier (C3). This would mean to test the intermodulation with an additional blocker. In order to make sure that this additional blocker does not affect the performance an isolation level of 20-30dB is needed. Note that in this case the signal level is weak while the interferers level is higher and hence the gain of down-conversion are different. Additional isolation may be needed in order to make sure that at least 20dB difference between the 2 interferer levels is guaranteed after the mixer.

Scenario CCxxxxC Testing the first group of carriers
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In this case in fact the blocker mixes with LO3 and can be found partially overlapping DL Carrier 1. In order for this signal to be negligible a isolation level of 74dB may be required. Relaxation of the requirements may be needed in this case, depending on a minimum assumption on the isolation which can be required. 

2.6 Narrowband Intermodulations
The worst case scenario is considered to be the following.
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Under this scenarios DL C2 and 3 are leaking into carrier 1 and its adjacent carriers, but as seen in the previous section this effect can be considered as negligible. The IM value is also considered as negligible. As mentioned in other sections the CW and GSMK signals are present also with a negative offset w,.r.t the wanted carrier, creating a double narrowband intermdoulation test. We assume that if the additional interference level is between 20-30dB lower than the main interferer, this will have negligible effect on the UE core performance (by considering symmetric filters in the UE).

This requires a minimum mixer isolation between 20-30dB. Note that in this case the signal level is weak while the interferers level is higher and hence the gain of down-conversion are different. Additional isolation may be needed in order to make sure that at least 20dB difference between the 2 interferer levels is guaranteed after the mixer.
3 Summary 

In this section we list for all the requirements the different configurations and we summarize the scenarios which may need relaxations depending on the minimum amount of isolation which the group considers to be acceptable to be required.

T1 means that the first block of carriers are tested and T2 means that the second block of carriers are tested.
In summary we consider the requirements should be relaxed when the leakage falls within the wanted carrier (block of wanted carriers). The amount of the relaxation depends on the amount of mixer isolation which can be guaranteed. 

All the other effects that we have analyzed in the paper are considered not to deteriorate the performance if a reasonable amount of mixer isolation is guaranteed (>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
4 Conclusions

In this contribution we have analyzed REFSENS, ACS in band and narrowband blocking and intermodulation and narrowband intermodulation and drawn some conclusions on the possible need for relaxations of the requirements. Relaxations can be derived depending on the level of isolation in the mixer which can be considered as acceptable. Section 3 provides a summary table with the information on the requirements which may be affected by the LO leakage.   
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