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1. Introduction
Intra-band contiguous CA Rx requirements are unspecified for REL-10. This contribution discusses the issue and presents new simulation results which compare the possible ways to set the requirements against those in Rel8. This paper is partly based on [1],[2],[3], and [4].
2. Discussion

2.1 Background
LTE UE Rx requirements have been defined in REL-8 such way that the wanted and interfering signal levels have been defined in relation to REFSENS value with additional delta power. This delta power over REFSENS is needed to be able to do the tests above thermal noise which would otherwise be dominant factor in the tests. For the 15 and 20 MHz channel bandwidths the delta over REFSENS is bigger than for smaller LTE bandwidths thus the test configuration is relaxed for these bandwidths. The relaxation was required because the filtering requirements get more stringent when wanted signal bandwidth increases.  
We proposed in [4] that for LTE REL-10 intra-band CA the REL-8  principle of relaxing the delta over REFSENS when Rx bandwidth gets wider is adopted i.e. the wanted signal delta over REFSENS is relaxed 3 dB when wanted signal bandwidth is doubled. It is noted that even if the delta over REFSENS is relaxed by the amount proposed in this configuration the UE filtering requirements will remain roughly at the same level in Rel10 than in Rel8. Interfering signal power levels and offsets could be re-used from REL-8 specification. This approach is illustrated in Figure 1 below where the green carrier represents REL-8 test configuration and the dashed carriers represent the REL-10 test configuration. 
Additionally we proposed in [4] to specify the CA ACS, blocking, spurious response and intermodulation requirements per CA bandwidth class instead of specifying them differently for each CC combination to make the specification simpler.
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Figure 1 Rx requirements

In CA ACS test we proposed [4] to use wanted signal aggregated power in determining the interferer powers. This reflects the proposal in [3] but is simpler. The wanted signal levels are specified per component carriers in respect to their specified REFSENS values. 

An example of CA ACS is illustrated in Figure 2. The lefthand picture illustrates PCC side ACS test and the righthand picture illustrates SCC side ACS test. The wanted signal mean powers are defined on CC basis. For instance in case of 100RB+100RB the wanted mean power for PCC is REFSENS + 14dBm = -80dBm. Similarly the wanted mean power for SCC is REFSENS + 14dBm = -80dBm. The aggregated power is sum of these two powers, in this case it is -80dBm + (-80dBm) = -77dBm. The interferer power is aggregated power + 22.5dB -- > -77dBm + 22.5dBm = -54.5dBm


[image: image2]
2.2 Simulation set-up

Simulation set-up is illustrated in the Figure 3 and the used receiver chain parameters are listed below the figure.
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Figure 3 Simulation set-up
UE receiver chain parameters 

Duplexer receive insertion loss = 4dB

LNA gain = 4dB
LNA noise figure = 5dB
LNA IIP3 = -10 … +10 dBm
LNA 1dB compression point = 10dB below IIP3)
LNA IIP2 = 56dBm
Image artefact not modelled. 

ADC sample rate = 92.16MHz
ADC bits = 8
ADC fading margin (above peak power) = 5dB
Interferer offset definition

The offset definition has been revised to be simpler and refers to offset from FC_high to the higher edge or FC_low to the lower edge (FOFFSET) instead of channel center which is ambiguous in case the aggregated CC’s are of different bandwidth.
Figure 4 illustrates the revised offset definition.. For instance in case of ACS, the offset if Foffset + 2.5MHz.

FC_low 
The centre frequency of the lowest carrier, expressed in MHz.

FC_high 
The centre frequency of the highest carrier, expressed in MHz.

Fedge_low 
The lower edge of aggregated channel bandwidth, expressed in MHz. 

Fedge_high 
The higher edge of aggregated channel bandwidth, expressed in MHz. 

Foffset 
Frequency offset from FC_high to the higher edge or FC_low to the lower edge.


[image: image4]
SNIR definition
SNIR (Signal to Noise plus Interference Ratio) was used as the figure of merit for the purposes of this evaluation.  
The noise-plus-interference power was determined by integrating the power in the downlink component carrier allocated bandwidth for the case where the downlink signal is absent.  In this case, we have the following contributions: (i) a transmit leakage signal from the UE, (ii) power from the interferer(s); (iii) thermal noise; (iv) any intermodulation or cross modulation products from these.  
SNIR is then determined as the ratio of the signal power specified for the given test to the determined noise-plus-interference power.

2.3 Simulation Results

In the simulations three different cases were studied and compared against each other.
·     Rel8 specification with 20MHz DL carrier. In figures below this is “Rel8”
·     Rel8 specification applied to 20MHz+20MHz DL carriers. This case shows the performance when the wanted signal levels per CC are kept at the same level as in Rel8. In table and figures below this is “Rel8 wanted signal power levels per CC”
·     Proposal [4]. This case shows the performance when the wanted signal levels per CC are relaxed by 3dB due to increased bandwidth. In figures below this is “Relaxed wanted signal power levels per CC”
The simulations shown below are done with several receiver IIP3 values  but we use IIP3=-5dB point as reference in our discussion when we compare the relative difficulty between three cases listed above. 
The wanted signal values are collected in table below. Interferer powers are defined in absolute terms and are same as in REL-8 specification in all cases except in ACS case 1 in case marked with * where the  interferer powers  are defined as aggregated power +22.5dB. The wanted signal power in ACS case 2 in case marked with ** is different to Rel8 because the interferer at -25dBm and ACS value set the wanted signal power level per CC.
	Signal levels in dB
	Refsens
	ACS case1 
Refsens + value below
	ACS case2 
absolute value in dBm
	In-band blocking

Refsens + value below
	Narrow-band blocking

Refsens + value below
	Intermodulation

Refsens + value below

	Rel8
	-94 dBm
	14
	-50.5
	9
	16
	9

	Rel8 wanted signal power levels per CC**
	-94 dBm
	14
	-53.5
	9
	16
	9

	Relaxed wanted signal power levels per CC*
	-94 dBm
	14
	-50.5
	12
	19
	12


Table 1 Wanted signal values
Results are presented as plots were in x-axis LNA IIP3 value is presented and in y-axis SINR value as defined earlier is presented as a figure of merit.
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Figure 5 ACS case1
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Figure 6 ACS case2

Figure 5 and Figure 6 show that in order to roughly keep the rel8 20MHz SNIR level, ACS requirement should be relaxed from 27dB to 24dB.
[image: image8.emf]-10 -5 0 5 10

25

30

35

40

45

50

55

60

65

70

75

LNA IIP3, dBm

EVM, %

ibb analysis; EVM vs ip3; Case 1

-10 -5 0 5 10

2

3

4

5

6

7

8

9

10

11

LNA IIP3, dBm

SNIR, dB

ibb analysis; SNIR vs ip3; Case 1

 

 

100;Rel8

100+100;Relaxed wanted signal power levels per CC

100+100;Rel8 wanted signal power levels per CC


Figure 7 In-band blocking case1
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Figure 8 In-band blocking case2
Figure 8 shows that in in-band blocking case2, the wanted signal power should be increased by 3dB per CC to achieve SNIR similar to Rel8 20MHz. If the wanted signal power is not increased, then SNIR will drop by roughly 3dB (at IIP3=-5dB). In-band blocking case1 in Figure 7 would not require increasing wanted signal power per CC from current Rel8 specification. However, it would seem practical to apply only one wanted signal power level to in-band blocking cases. 
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Figure 9 Narrow-band blocking
Figure 9 shows that SNIR performance in Rel10 would be similar to that of Rel8 even if the wanted signal power level per CC would not be increased. However, we feel that it might be beneficial to maintain consistency in rel10 specification; if all other cases require increasing the wanted signal power levels per CC, we should consider of exploiting the same approach here as well.
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Figure 10 Intermodulation 
Figure 10 shows that if the rel8 wanted signal power per CC is adopted to Rel10, the SNIR performance degrades by roughly 1.5dB (at LNA IIP3 of -5dB). If the wanted signal level per CC is increased by 3dB [4], the SNIR performance increases roughly by 1.5dB. 

2.4 Additional analog filtering simulations
Below we present simple simulation results of the unwanted/wanted signal ratios after analog filter. As said earlier, we think analog filtering requirements should not be excessively tightened. These simulations are done using a basic prototype analog filter with 3rd or 5th order Chebyshev response. The simulation results with whole receiver chain show above should be weighted more when deciding the actual CA UE RX parameters as they show the effect to SNIR performance. 
These analog filtering simulations shown below can be used to roughly estimate whether the RX requirements should be changed or not. 
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	Unwanted/Wanted signal ratio in dB
	ACS case1
	In-band blocking case1
	In-band blocking case2
	Narrow-band blocking

	Filter order
	3
	5
	3
	5
	3
	5
	3
	5

	Rel8
	19.7
	16.2
	12.3
	-1.3
	10.9
	-12.1
	21.4
	21.2

	Rel8 wanted signal power levels per CC
	23.1
	22.1
	18.0
	11.1
	20.4
	5.6
	19.4
	19.6

	Relaxed wanted signal power levels per CC
	20.1
	19.1
	15.0
	8.1
	17.4
	2.6
	16.4
	16.6


	Unwanted/Wanted signal ratio in dB
	Out-of-band blocking range1
	Out-of-band blocking range2
	Out-of-band blocking range3
	Intermodulation

	Filter order
	3
	5
	3
	5
	3
	5
	3
	5

	Rel8 (1)
	13.3
	-8.3
	-0.3
	-33.7
	6.7
	-33.4
	21.7
	7.0

	Rel8 wanted signal power levels per CC (2)
	22.3
	8.7
	12.9
	-16.3
	20.7
	-13.4
	28.0
	20.2

	Relaxed wanted signal power levels per CC (3)
	19.3
	5.7
	9.9
	-19.3
	17.7
	-16.4
	25.0
	17.2


Table 2 Unwanted/wanted signal ratios
Table 2 shows that in order not to excessively tighten analog filtering requirements, the wanted signal power levels per CC should be relaxed in all test cases except narrow-band blocking. This is line with receiver SNIR simulations.
3. Conclusion

This contribution presents simulation results of a study which aims to defined proper way to set the LTE REL-10 intra-band contiguous CA ACS, blocking, intermodulation and spurious response requirements. The study compares two alternative ways to set the REL-10 Rx requirements against REL-8. 

Based on the results of this study we propose [5] to define the LTE intra-band CA Rx requirements as was already proposed in [4] and further discussed in Ad-Hoc session in RAN4 meeting #58AH held in Shanghai. 
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7.5
Adjacent Channel Selectivity (ACS)

ACS is the ratio of the receive filter attenuation on the assigned channel frequency to the receive filter attenuation on the adjacent channel(s). Requirement that need to be specified for the single and dual CC for the following; 

1) CA_X    (Intra band  contiguous CA)
The REFSENS for intra-band contiguous carrier aggregation is determined by each CC meeting the requirements in R8/9. It means no total REFSENS for intra-band contiguous carrier aggregation, so we propose that when we test ACS for intra-band contiguous, the PCC and SCC downlinks are both activated, but each is tested individually with its respective interferer, and the interferer frequency offset refers to the center frequency of the adjacent CC being tested. The PSD distribution diagram about ACS test for intra-band contiguous CA is shown as follow.
So, when we test ACS for intra-band contiguous CA, the PCC and SCC downlinks are both activated, and each is tested individually with its respective interferer.
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Fig7.5-1 the PSD distribution diagram about ACS test for intra-band contiguous CA with a 5 MHz interferer

For Rel-8, the minimum requirement of the ACS is 27 dB for the 20 MHz channel bandwidth with its 1 MHz guard. For Rel-10 and CA Class C, the maximum aggregated bandwidth is 39.8 MHz also with a 1 MHz symmetric guard. We propose a tentative ACS_CA for the aggregated carriers in the following including effects of cross-modulation. ACS_CA is the ratio of the adjacent channel interferer (ACI) and the total wanted aggregated signal. The proposed offset for the wanted signal must be sufficiently above the TX noise generated by one or two uplink CC depending on the operating band under test and the UE capability.
The Primary CC shall fulfill the requirements in R8/9 with all other CCs are deactivated.

For CA bandwidth class A(Table 5.6A-1), the CC meet the requirements of R8/9.

For CA bandwidth class C, there are two options to define ACS: 

Option1 is to consider  the Pinterferer to the adjacent CC, then the following requirements apply.

The UE shall fulfil the minimum requirement specified in Table 7.5-1 for all values of an adjacent channel interferer up to –25 dBm.  The interferer shall be placed adjacent to the PCC on the opposite side of the SCC, when testing the PCC, and vice-versa when testing the SCC.  The PCC and SCC downlinks are both activated, but each is tested individually with its respective interferer.  The throughput on each CC 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).
Table 7.5-1: Adjacent channel selectivity
	
	
	Aggregated channel bandwidth configuration

	Rx Parameter
	Units
	50/100 RB
	75/75 RB
	100/100 RB

	ACS
	dB
	[27]
	[27]
	TBD


Table 7.5-2: Test parameters for Adjacent channel selectivity for CA, Case 1

	Rx Parameter
	Units
	Channel bandwidth of PCC or SCC tested

	
	
	
	
	
	50 RB
	75RB
	100RB

	Wanted signal  mean power
	dBm
	REFSENS + [14] dB



	PInterferer
	dBm
	
	
	
	REFSENS + [39.5] dB
	REFSENS + [39.5] dB
	REFSENS + [TBD] dB

	BWInterferer
	MHz
	
	
	
	5
	5
	5

	FInterferer (offset)
	MHz
	
	
	
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:

1. The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in TS36.101  in Table 7.3.1A-1, with PCMAX_L as defined in clause 6.2.5
2. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as  described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1
3. The wanted signal mean power is in relation to the REFSENS of each CC, and the interferer power is in relation to the REFSENS of adjacent CC being tested.
4. The frequency offset refers to the center frequency of the adjacent CC being tested，and the Finterferer (offset)  shall be the same as  the adjacent CC in TS36.101 in table 7.5.1-2



Table 7.5-3: Test parameters for Adjacent channel selectivity, Case 2
	Rx Parameter
	Units 
	Channel bandwidth of PCC or SCC tested

	
	
	
	
	
	50 RB
	75 RB
	100RB

	Wanted signal  mean power
	dBm
	
	
	
	[-50.5]
	[-50.5]
	[TBD]

	PInterferer
	dBm
	-25

	BWInterferer  
	MHz
	
	
	
	5
	5
	5

	FInterferer (offset)
	MHz
	
	
	7.5+0.0075
/

-7.5-0.0075
	10+0.0125
/

-10-0.0125
	12.5+0.0025
/

-12.5-0.0025

	Note:
5. The transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in TS36.101  in Table 7.3.1A-1, with PCMAX_L as defined in clause 6.2.5
6. The interferer consists of the Reference measurement channel specified in Annex A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as  described in Annex A.5.1.1/A.5.2.1 and set-up according to Annex C.3.1 
7. The frequency offset refers to the center frequency of the adjacent CC being tested，and the Finterferer (offset)  shall be the same as  the adjacent CC in TS36.101 in table 7.5.1-2



Option2 is to consider the Pinterferer to the whole CA,  then the following requirements apply. 
The UE shall fulfil the minimum requirement specified in Table 7.5-4 for an adjacent channel interferer on either side of two active aggregated CC at a specified frequency offset and for an interferer power up to [-25] dBm. 

Table 7.5-4: Adjacent Channel Selectivity for Carrier Aggregation 
	Parameter
	Unit
	Transmission bandwidth configuration of Primary/Secondary CC

	
	
	
	
	
	50/100 RB

100/50 RB
	75/75 RB
	100/100 RB

	ACS_CA
	dB
	
	
	
	[25]
	TBD
	TBD

	
	
	
	
	
	
	
	


A downlink Secondary CC shall be configured at nominal channel spacing to the Primary CC with the Primary CC configured closest the uplink band. The uplink output power shall be set as specified in Table 7.5-5 and Table 7.5-6 with the uplink configuration according to Table 7.3.1A-1 for the applicable CA Band. For UE(s) supporting one uplink, the uplink configuration of the Primary CC shall be in accordance with Table 7.3.2. 

The throughput on each CC shall be ≥ 95% of the maximum throughput of the respective reference measurement channel with the lower and upper range of test parameters chosen from the respective Table 7.5-5 and Table 7.5-6 for the following two cases;

-
the interferer configured adjacent to the Primary CC,

-
the interferer configured adjacent to the Secondary CC,

The reference channels for each CC are 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). Both downlink CCs are active with the wanted signal level on each component carrier c and the interferer power set relative to the following reference (Table 7.5-5 and Table 7.5-6)
PREF;c = PREFSENS + 10 log10(NRB,c/NRB,PCC)
applied to both the UE antenna ports with 

· PREFSENS the minimum mean power according to Table 7.3.1 for the Primary CC

· NRB,c the transmission bandwidth configuration of component carrier c (Primary or Secondary) and NRB,PCC the transmission bandwidth configuration of the Primary CC.

Note: the wanted power spectral density is equal on both CC.

The interferer power offset GINT is defined by

-
GINT = 10 log10(1+NRB,SCC/NRB,PCC) + ACS_CA the interferer configured adjacent to the Primary CC,

-
GINT = 10 log10(1+NRB,PCC/NRB,SCC) + ACS_CA with the interferer configured adjacent to the Secondary CC,

where ACS_CA is the adjacent channel selectivity for the particular combination of Primary/Secondary CC as specified in Table 7.5-4 and NRB,SCC  the transmission bandwidth configuration of the Secondary CC.

Table 7.5-5: Test parameters for Adjacent Channel Selectivity, Case 1
	Parameter
	 Unit
	Transmission bandwidth configuration of Primary or Secondary CC

	
	
	
	
	
	50 RB
	75 RB
	100 RB

	 Wanted signal mean power per CC
	 dBm
	PREF,c + [14 dB]

	Pinterferer
	dBm
	
	
	
	PREF,c + [12.5 dB] + GINT
	PREF,c + [12.5 dB] + GINT
	PREF,c + [12.5 dB] + GINT

	BWinterferer
	MHz
	
	
	
	5
	5
	5

	Finterferer (offset)
	MHz
	
	
	
	BWGB + 7 (Note 4)
	BWGB + 9.25 (Note 4)
	BWGB + 11.5 (Note 4)

	Note 1:
The transmitter shall be set 4 dB below PCMAX_L as defined in Clause 6.2.5
Note 2:     The interferer consists of the Reference Measurement Channel specified in Annex A.3.2 with one-sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A5.2.1 and set-up according to Annex C.3 
Note 3:
The interferer level is set using the reference power PREF,c of the adjacent CC

Note 4:
The interferer frequency offset is relative to the adjacent CC and shall be further adjusted to 
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Table 7.5-6: Test parameters for Adjacent Channel Selectivity, Case 2
	Parameter
	 Unit
	Transmission bandwidth configuration of Primary or Secondary CC

	
	
	
	
	
	50 RB
	75 RB
	100 RB

	Wanted signal mean power per CC
	dBm
	
	
	
	[-23.5] - GINT
	[-23.5] - GINT
	[-23.5] - GINT

	Pinterferer
	dBm
	[-25]

	BWinterferer
	MHz
	
	
	
	5
	5
	5

	Finterferer (offset)
	MHz
	
	
	
	BWGB + 7 (Note 3)
	BWGB + 9.25 (Note 3)
	BWGB + 11.5 (Note 3)

	Note 1:
The transmitter shall be set 24 dB below PCMAX_L as defined in Clause 6.2.5
Note 2:     The interferer consists of the Reference Measurement Channel specified in Annex A.3.2 with one-sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A5.2.1 and set-up according to Annex C.3 
Note 3:
The interferer frequency offset is relative to the adjacent CC and shall be further adjusted to 
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2) CA_X-Y  (Inter band  non contiguous CA)

3) DLMA (Down link multiple antenna)

4) ULMA (Up link multiple antenna)
For UL-MIMO with dual transmitters and dual receivers, the Rel-8/9 ACS requirements shall apply for dual-layer transmission. 
5) CPE (Customer Premises equipment)

Results of a LTE REL-10 intra-band CA Rx requirements study

Background

LTE UE Rx requirements have been defined in REL-8 such way that the wanted and interfering signal levels have been defined in relation to REFSENS value with additional delta power. This delta power over REFSENS is needed to be able to do the tests above thermal noise which would otherwise be dominant factor in the tests. For the 15 and 20 MHz channel bandwidths the delta over REFSENS is bigger than for smaller LTE bandwidths thus the test configuration is relaxed for these bandwidths. The relaxation was required because the filtering requirements get more stringent when wanted signal bandwidth increases. The study presented below what are suitable wanted signal levels for LTE REL-10 intra-band CA Rx requirements. 

Simulation block diagram
Simulation set-up is illustrated in the below.
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Figure 7.5-2 Simulation set-up
UE receiver chain parameters 

Duplexer receive insertion loss = 4dB

LNA gain = 4dB
LNA noise figure = 5dB
LNA IIP3 = -10 … +10 dBm
LNA 1dB compression point = 10dB below IIP3)
LNA IIP2 = 56dBm
Image artefact not modelled.
ADC sample rate = 92.16MHz
ADC bits = 8
ADC fading margin (above peak power) = 5dB
SNIR definition

SNIR (Signal to Noise plus Interference Ratio) was used as the figure of merit for the purposes of this evaluation.  

The noise-plus-interference power was determined by integrating the power in the downlink component carrier allocated bandwidth for the case where the downlink signal is absent.  In this case, we have the following contributions: (i) a transmit leakage signal from the UE, (ii) power from the interferer(s); (iii) thermal noise; (iv) any intermodulation or cross modulation products from these.  

SNIR is then determined as the ratio of the signal power specified for the given test to the determined noise-plus-interference power.

Simulation Results

In the simulations three different cases were studied and compared against each other.
·     Rel8 specification with 20MHz DL carrier. In figures below this is “Rel8”

·     Rel8 specification applied to 20MHz+20MHz DL carriers. This case shows the performance when the wanted signal levels per CC are kept at the same level as in Rel8. In table and figures below this is “Rel8 wanted signal power levels per CC”

·     Proposal [4]. This case shows the performance when the wanted signal levels per CC are relaxed by 3dB due to increased bandwidth. In figures below this is “Relaxed wanted signal power levels per CC”

The simulations shown below are done with several receiver IIP3 values but we use IIP3=-5dB point as reference in our discussion when we compare the relative difficulty between three cases listed above. 

The wanted signal values are collected in table below. Interferer powers are defined in absolute terms and are same as in REL-8 specification in all cases except in ACS case 1 in case marked with * where the interferer powers  are defined as aggregated power +22.5dB. The wanted signal power in ACS case 2 in case marked with ** is different to Rel8 because the interferer at -25dBm and ACS value set the wanted signal power level per CC.
	Signal levels in dB
	Refsens
	ACS case1 
Refsens + value below
	ACS case2
 absolute value in dBm
	In-band blocking

Refsens + value below
	Narrow-band blocking

Refsens + value below
	Intermodulation

Refsens + value below

	Rel8
	-94 dBm
	14
	-50.5
	9
	16
	9

	Rel8 wanted signal power levels per CC**
	-94 dBm
	14
	-53.5
	9
	16
	9

	Relaxed wanted signal power levels per CC*
	-94 dBm
	14
	-50.5
	12
	19
	12


Table 7.5-7 Wanted signal values

Results are presented as plots were in x-axis LNA IIP3 value is presented and in y-axis SINR value as defined earlier is presented as a figure of merit.
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Figure 7.5-3 ACS case1
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Figure 7.5-4 ACS case2

Figure 7.5-3 and Figure 7.5-4 show that in order to roughly keep the rel8 20MHz SNIR level, ACS requirement should be relaxed from 27dB to 24dB.
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Figure 7.5-5 In-band blocking case1
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Figure 7.5-6 In-band blocking case2

Figure 7.5-6 shows that in in-band blocking case2, the wanted signal power should be increased by 3dB per CC to achieve SNIR similar to Rel8 20MHz. If the wanted signal power is not increased, then SNIR will drop by roughly 3dB (at IIP3=-5dB). In-band blocking case1 in Figure 7.5-5 would not require increasing wanted signal power per CC from current Rel8 specification. However, it would seem practical to apply only one wanted signal power level to in-band blocking cases. 

[image: image22.emf]-10 -5 0 5 10

15

20

25

30

35

40

45

LNA IIP3, dBm

EVM, %

nbb analysis; EVM vs ip3; Case 1

-10 -5 0 5 10

6

8

10

12

14

16

18

LNA IIP3, dBm

SNIR, dB

nbb analysis; SNIR vs ip3; Case 1

 

 

100;Rel8

100+100;Relaxed wanted signal power levels per CC

100+100;Rel8 wanted signal power levels per CC


Figure 7.5-7 Narrow-band blocking

Figure 7.5-7 shows that SNIR performance in Rel10 would be similar to that of Rel8 even if the wanted signal power level per CC would not be increased. However, we feel that it might be beneficial to maintain consistency in rel10 specification; if all other cases require increasing the wanted signal power levels per CC, we should consider of exploiting the same approach here as well.
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Figure 7.5-8 Intermodulation 

Figure 7.5-8 shows that if the rel8 wanted signal power per CC is adopted to Rel10, the SNIR performance degrades by roughly 1.5dB (at LNA IIP3 of -5dB). If the wanted signal level per CC is increased by 3dB [4], the SNIR performance increases roughly by 1.5dB. 

Additional Analog filtering simulations
Below we present simple simulation results of the unwanted/wanted signal ratios after analog filter. As said earlier, we think analog filtering requirements should not be excessively tightened. These simulations are done using a basic prototype analog filter with 3rd or 5th order Chebyshev response. The simulation results with whole receiver chain show above should be weighted more when deciding the actual CA UE RX parameters as they show the effect to SNIR performance. 

These analog filtering simulations shown below can be used to roughly estimate whether the RX requirements should be changed or not. 



[image: image24]

	Unwanted/Wanted signal ratio in dB
	ACS case1
	In-band blocking case1
	In-band blocking case2
	Narrow-band blocking

	Filter order
	3
	5
	3
	5
	3
	5
	3
	5

	Rel8
	19.7
	16.2
	12.3
	-1.3
	10.9
	-12.1
	21.4
	21.2

	Rel8 wanted signal power levels per CC
	23.1
	22.1
	18.0
	11.1
	20.4
	5.6
	19.4
	19.6

	Relaxed wanted signal power levels per CC
	20.1
	19.1
	15.0
	8.1
	17.4
	2.6
	16.4
	16.6


	Unwanted/Wanted signal ratio in dB
	Out-of-band blocking range1
	Out-of-band blocking range2
	Out-of-band blocking range3
	Intermodulation

	Filter order
	3
	5
	3
	5
	3
	5
	3
	5

	Rel8 (1)
	13.3
	-8.3
	-0.3
	-33.7
	6.7
	-33.4
	21.7
	7.0

	Rel8 wanted signal power levels per CC (2)
	22.3
	8.7
	12.9
	-16.3
	20.7
	-13.4
	28.0
	20.2

	Relaxed wanted signal power levels per CC (3)
	19.3
	5.7
	9.9
	-19.3
	17.7
	-16.4
	25.0
	17.2


Table 7.5-7 Unwanted/wanted signal ratios

Table 7.5-7 shows that in order not to excessively tighten analog filtering requirements, the wanted signal power levels per CC should be relaxed in all test cases except narrow-band blocking. This is line with receiver SNIR simulations.
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Figure � SEQ Figure \* ARABIC �4� Offset definition example





Figure � SEQ Figure \* ARABIC �11� Prototype filter





Figure 7.5-9 Prototype filter








3GPP


[image: image25.png]3rd order filter

¢| 18M |T| 18M |% 5t order filter

2M



[image: image26.png]Finterferer (offset) Finterferer (offset)



[image: image27.png]Foffset Foffset 2.5MHz



_1355643926.vsd
�

�

PCC�

SCC( activated)�

interferer�

interferer�

foffset(the same as R8/9)


foffset(the same as R8/9)


PSD


f


Gap=0.25+GBPCC


Gap=0.25+GBSCC


CA



_1363514898.vsd
Second Adjacent channel / 
In-band blocking Case 1


20 MHz LTE Carrier




Adjacent channel / ACS


Third Adjacent channel / In-band blocking Case 2


Band
Edge


OOB Blocking
Range 1


OOB Blocking
Range 2


OOB Blocking
Range 3


REL.8
Test configuration


REL 10
CA Test configuration


Pinterferer / Pwanted per CC


Narrowband blocking


Min 85 MHz


Min 60 MHz


Min
15
MHz



_1350685653.unknown

