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1 Background
In this contribution we propose RF receiver requirements for LAA operation. Transmitter requirements will not be specified since the relevant work item should only specify support for LAA SCells operating with DL transmissions [1]. 

We propose receiver requirements for all test cases relevant for LAA operation for band combinations with one downlink carrier in the unlicensed band. In the 36.101, these requirements should be specified in the clauses applicable for CA. The requirements proposed are based on the use of a single RF filter covering the entire 5150-5925 MHz; this filter can be either of band pass or low pass characteristics. It is straightforward to add requirements for CA configurations with two carriers in the unlicensed band.
The minimum requirements for the unlicensed carriers should be the same regardless of the number of bands specified for the range 5150-5925 MHz. Below we use band number “X” for a licensed band and “U” for the unlicensed band(s) since neither the band arrangement nor the CA configurations is decided.
We also propose complete specification text for the clauses of 36.101 covering the requisite receiver requirements, except the exceptions to REFSENS requirements needed for TX harmonics that depend on the actual band definition and CA configurations. Apart from this, the band definition and the CA configurations to be included in Clause 5, the required TIB for the licensed band in Clause 6 and the RMCs are also missing. The reference measurement channels (RMC) must be modified for wanted signals in the unlicensed bands. This should be done in the relevant annex of 36.101 in order not to introduce additional text in Clause 7. 
2 Reference sensitivity
2.1 General
For the REFSENS requirements for the unlicensed bands, we start by considering the requirements for the 3.5 GHz licensed bands and add margin for diplexer insertion loss and additional noise-factor margin in view of cost efficiency and the higher carrier frequency. 
Turning to the single 5 GHz filter first, an example trace of a thin-film band pass filter covering the entire range 5150-5925 MHz is shown in Figure 1. The filter is designed for WLAN but could also be used for LAA. This filter has an insertion loss in the pass band of 1.5 dB (maximum), and we note the 35-40 dB filter attenuation in the frequency range below 3.5 GHz that provides rejection of TX blockers in the licensed bands. This improves IDC for WLAN operation (simultaneous licensed and unlicensed operation) and the CA DL-only performance for LAA. 
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Figure 1: trace of a thin-film filter designed for 5 GHz WLAN operation.
For LAA operation margin should be added for a diplexer for architectures with a single antenna feed for the licensed and unlicensed bands. The standard assumption for inter-band CA of licensed bands is 0.3 dB below 2.6 GHz. However, the diplexer attenuation may increase at frequencies above 2.6 GHz; it is reasonable to consider a diplexer IL of the order of 1 dB across the 5 GHz band. 
In addition to a single filter and a diplexer, the REFSENS requirements should also account for a TX/RX switch in the signal path of the unlicensed band so as to avoid redefining the receiver requirements when UL/DL operation is specified in later releases. Moreover, the filter may be used for both LAA and WLAN operation, which may necessitate e.g. a bigger switch or additional switches in the TX/RX paths. Therefore, an additional 0.5-1 dB attenuation should be considered for future UL/DL LAA operation and component reuse for LAA and WLAN operation. 
The filter attenuation is normally included in the receiver noise factor if referred to the antenna port. For the Rel-8 requirements for Band 1 that is sometimes used as a “reference band”, a noise factor of 11 dB was assumed, which includes a 2 dB implementation margin for both RF and baseband. Comparing with WiFi requirements, the assumption is a 15 dB noise factor that includes a 5 dB implementation margin. 
Turning to an estimated REFSENS requirement for the LAA unlicensed band(s), it appears reasonable to add a 1 dB diplexer loss on top of the Band 42/43 requirement and a further 1-2 dB to account for UL/DL switches, component reuse and a larger trace loss at 5 GHz. This would result in a tentative -90 dBm requirement for a 20 MHz channel bandwidth, assuming that the SNR performance for the RMC is the same as that used for the licensed bands, and that the RF filter attenuation at the licensed TX frequency is of the order of 50 dB or larger including the diplexer attenuation. Depending of the definition of the band(s), exceptions for TX harmonics have to be specified. 
The RMC used for verifying the requirements could be based on QPSK R=1/3 in a continuous burst of a suitable duration. The details have to wait until the specification of the downlink signal is ready.
It is tempting to compare with WiFi sensitivity performance. For BPSK R=1/2 the sensitivity is -82 dBm for the 20 MHz channel. However, besides the implementation margin, the throughput criteria and the SNR per port is different (1 dB per port compared to -4 dB for LTE without account of implementation margin).
2.2 In the 36.101
The requirement would be included in clause 7.3.1A applicable for carrier aggregation; not in the table of bands without UL operation, but rather in a new table since UL/DL operation may be specified in a later release. 
Table 7.3.1A-0e: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_2A-29A
	2
	
	
	25
	50
	501
	501
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	…
	
	
	
	
	
	
	
	

	CA_4A-29A-30A
	4
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	
	N/A
	N/A
	
	
	

	
	30
	
	
	25
	251
	
	
	

	NOTE 1:
1 refers to the UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 2:
2 refers to Band 20; in the case of 15MHz channel bandwidth, the UL resource blocks shall be located at RBstart 11 and in the case of 20MHz channel bandwidth, the UL resource blocks shall be located at RBstart 16


For band combinations including operating band U (Table 5.5-1), the requirements are specified in Table 7.3.1A-0eA and Table 7.3.1A-0eB.

Table 7.3.1A-0eA: Reference sensitivity QPSK PREFSENS
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_XA-UA
	X
	< Requirements for Band X >
	FDD or TDD

	
	U
	
	
	
	
	
	[-90]
	“TBD”

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.

NOTE 2:
Reference measurement channel is TBD
NOTE 3:
The signal power is specified per port


Table 7.3.1A-0eB: Uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_XA-UA
	X
	< According to requirements for Band X >
	FDD or TDD


In all cases for single uplink inter-band CA, unless given by Table 7.3.1-3 for the band with the active uplink carrier, the applicable reference sensitivity requirements shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured.
The requirement should be the same (common filter) regardless of how many unlicensed bands U defined. Remark that there is no uplink allocation for Band U.
Exceptions for harmonics should also be specified. This should perhaps be done without an assumption of a harmonic trap on the licensed band, which may already be subject to another CA requirement that necessitates deep rejection at a different RX frequency. 
3 Maximum input level

The maximum input level is defined at the UE antenna port and should be kept at a -25 dBm since the UE may be operated in close proximity to a LAA site. Comparing to IEEE, the maximum input level of –30 dBm, measured at the antenna for any baseband modulation, should be met for any baseband modulation. The requirement should be specified in clause 7.4.1A.
4 Selectivity and blocking

The blocking requirements should also be specified with a single filter in mind, regardless of the band arrangement. Many of the LTE requirements can be reused, but the interferer bandwidth should be changed since the bandwidth is restricted to 20 MHz. The requirements should be specified in the clauses for CA performance (suffix A) since LAA is only used in CA mode.
4.1 ACS

4.1.1 General

In order to ensure LAA-LAA and LAA-WiFi adjacent channel compatibility, the standard ACS requirement for the 20 MHz channel should be maintained at 27 dB. This requirement should be verified with a 20 MHz interferer bandwidth since the 5 MHz bandwidth is neither specified for WiFi nor intended for LTE operation. Reuse of a 5 MHz interferer bandwidth might have simplified the test setup, but new RMCs must be defined anyway. 
4.1.2 In the 36.101

The changes should be included in clause 7.5.1A in the paragraph on inter-band CA:

7.5.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the adjacent channel requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.5.1 for each component carrier while all downlink carriers are active. For E-UTRA CA configurations including an operating band without uplink operation (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of uplink operation. For a component carrier configured in an operating band listed in Table 7.5.1A-0a, the requirements specified in subclause 7.5.1 are replaced by the requirements in Table 7.5.1A-0a with test parameters in Table 7.5.1A-0b and Table 7.5.1A-0c.

Table 7.5.1A-0a: Adjacent channel selectivity

	E-UTRA band
	Rx Parameter
	Units
	Channel bandwidth

	
	
	
	1.4
MHz
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	U
	ACS
	dB
	
	
	
	
	
	27


Table 7.5.1A-0b: Test parameters for Adjacent channel selectivity, Case 1

	E-UTRA Band
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	U
	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	
	PInterferer
	dBm
	
	
	
	
	
	REFSENS +39.5dB

	
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FInterferer (offset)
	MHz
	
	
	
	
	
	20+0.0025

/

-20-0.0025



	NOTE 1:
In a band capable of uplink operation, the transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 (TBD)


Table 7.5.1A-0c: Test parameters for Adjacent channel selectivity, Case 2

	E-UTRA band

	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	U
	Power in Transmission Bandwidth Configuration
	dBm
	
	
	
	
	
	-50.5 

	
	PInterferer
	dBm
	-25

	
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FInterferer (offset)
	MHz
	
	
	
	
	
	20+0.0025

/

-20-0.0025



	NOTE 1:
In a band capable of unplink operation, the transmitter shall be set to 24dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 (TBD)


For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the adjacent channel requirements of subclause 7.5.1A do not apply.
4.2 In-band blocking

4.2.1 General

In order to keep the in-band blocking resilience in the unlicensed band, the standard -56 dBm and -44 dBm blocker levels should be maintained but the interferer bandwidth be changed to 20 MHz. This means that the blocker requirements would apply 60 MHz outside the operating band range. In view of the single-filter assumption, the in-band requirements should apply from 5150 – 60 MHz to 5925 + 60 MHz regardless of the number of operating bands defined in the range
4.2.2 In the 36.101

The changes should be included in clause 7.6.1.1A in the paragraph on inter-band CA:

7.6.1
In-band blocking

In-band blocking is defined for an unwanted interfering signal falling into the UE receive band or into the first 15 MHz below or above the UE receive band at which the relative throughput shall meet or exceed the minimum requirement for the specified measurement channels.. 
For some operating bands only used for carrier aggregation operation, in-band blocking is defined for a 20 MHz unwanted interfering signal falling into the UE receive band or into the first 60 MHz below or above the UE receive band.
7.6.1.1
Minimum requirements
< text omitted >

7.6.1.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the in-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.6.1.1 for each component carrier while all downlink carriers are active. For the UE which supports inter band CA configuration in Table 7.3.1-1A, PInterferer power defined in Table 7.6.1.1-2 is increased by the amount given by ΔRIB,c in Table 7.3.1-1A. For E-UTRA CA configurations including an operating band without uplink operation (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of uplink operation. The requirements for the component carrier configured in the operating band without uplink operation are specified in Table 7.6.1.1A-0a and Table 7.6.1.1A-0b.

Table 7.6.1.1A-0: Void
	
	
	
	
	

	
	
	
	
	

	
	
	
	


	



	
	
	
	
	



	






Table 7.6.1.1A-0a: In band blocking parameters for additional operating bands for carrier aggregation

	E-UTRA band
	Rx parameter
	Units 
	Channel bandwidth

	
	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	29, 32
(NOTE 2)
	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	
	6
	6
	6
	6
	7
	9

	
	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	
	FIoffset, case 1 
	MHz
	2.1+0.0125
	4.5+0.0075
	7.5+0.0125
	7.5+0.0025
	7.5+0.0075
	7.5+0.0125

	
	FIoffset, case 2 
	MHz
	3.5+0.0075
	7.5+0.0075
	12.5+0.0075
	12.5+0.0125
	12.5+0.0025
	12.5+0.0075

	U

(NOTE 3)
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FIoffset, case 1 
	MHz
	
	
	
	
	
	30+0.0125

	
	FIoffset, case 2 
	MHz
	
	
	
	
	
	50+0.0075

	NOTE 1: 
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 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/A.5.2.1 and set-up according to Annex C.3.1
NOTE 3:
The interferer consists of the Reference measurement channel specified in Annex A.3.2 (TBD)


Table 7.6.1.1A-0b: In-band blocking for additional operating bands for carrier aggregation

	E-UTRA band
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	-56
	-44

	
	FInterferer (offset)
	MHz
	=-BW/2 – FIoffset,case 1
&

=+BW/2 + FIoffset,case 1
	≤-BW/2 – FIoffset,case 2
&

≥+BW/2 + FIoffset,case 2

	29, 32
	FInterferer
	MHz
	(Note 2)
	FDL_low – 15

to

FDL_high + 15

	U
	FInterferer
	MHz
	(Note 2)
	FDL_low – 60

to

FDL_high + 60

	NOTE 1:
For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz or 60 MHz below or above the UE receive band 

NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 

a. the carrier frequency -BW/2 - FIoffset, case 1 and

b. the carrier frequency +BW/2 + FIoffset, case 1
NOTE 3:
FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 


For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the in-band blocking requirements of subclause 7.6.1.1A do not apply.
4.3 Out-of-band blocking

4.3.1 General

For UEs supporting LAA, the highest out-of-band blocker power levels (Range 3) should be relaxed above a frequency break point in order to allow implementations with wider 5 GHz RF filters that can be of either band pass or low pass characteristics. A tentative [-20] dBm would be appropriate in Range 3 above 2800 MHz, which would be aligned with the corresponding Range 3 requirements for UE(s) supporting Band 42 and/or Band 43. However, contrary to the Band 42/43 case, the [-20] dBm power level would apply up to 12750 MHz on order to allow implementations with low-pass RF filters. The upper frequency limit of 12750 MHz can be kept since uplink operation is not supported in the unlicensed band(s).
The out-of-band blocking requirements for CA apply to CA configurations, not the individual constituent bands. Each downlink is measured in turn, and the interferer power profile is the same for all bands. The proposed interferer profile is shown in Figure 2. Notice that the in-band blocking requirements apply over a wider range for the unlicensed band(s) since the in-band interferer bandwidth is larger for these.
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Figure 2: the interferer profile for the out-of-band blocker tests.
4.3.2 In the 36.101
The requirements for the unlicensed band should be included in a separate table in Clause 7.6.2.1A. The requirements are specified for up to N constituent bands of the CA configuration, out of which there are K bands below 2800 MHz. For this version of the specification we assume K = 1 and N = 2.
7.6.2
Out-of-band blocking

Out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 15 MHz below or above the UE receive band. For the first 15 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in subclause 7.5.1 and subclause 7.6.1 shall be applied.
For some operating bands only used for carrier aggregation, out-of-band band blocking is defined for an unwanted CW interfering signal falling more than 60 MHz below or above the UE receive band. For the first 60 MHz below or above the UE receive band the appropriate in-band blocking or adjacent channel selectivity in subclause 7.5.1A and subclause 7.6.1A shall be applied.
7.6.2.1
Minimum requirements

< text omitted >

7.6.2.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band, the out-of-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The throughput in the downlink measured 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) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0. For E-UTRA CA configurations including an operating band without uplink operation (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the uplink active in the band(s) capable of UL operation. For the E-UTRA CA configurations listed in Table 7.6.2.1A-0a, the parameters specified in Table 7.6.2.1A-0 are replaced by those specified in Table 7.6.2.1A-0a.  The UE shall meet these requirements for each component carrier while all downlink carriers are active.

For inter-band carrier aggregation with one component carrier per operating band and the uplink active in two E-UTRA bands, the out-of-band blocking requirements specified above shall be met with the transmitter power for the uplink set to 7 dB below PCMAX_L,c  for each serving cell c.
For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of UL operation. For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the out-of-band blocking requirements of subclause 7.6.2.1A do not apply.

Table 7.6.2.1A-0: out-of-band blocking for inter-band carrier aggregation

	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	Pwanted
	dBm
	Table 7.6.2.1-1 for all component carriers

	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-15 + RIB,c

	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(j) < -15

or

15 < f – FDL_High(j) < 60


	-85 < f – FDL_Low(j) ≤ -60

or

60 ≤ f – FDL_High(j) < 85


	1 ≤ f ≤ FDL_Low(1) – 85

or

FDL_High(j) + 85 ≤ f

≤ FDL_Low(j+1) – 85 with 

j < X

or 

FDL_High(X) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(j) and FDL_High(j) denote the respective lower and upper frequency limits of the operating band containing carrier j, j = 1,…,X, with carriers numbered in increasing order of carrier frequency and X the number of component carriers in the band combination (X ≤ 4 for the present version of this specification).

NOTE 2:
For FDL_Low(j+1) – FDL_High(j) < 145 MHz and FInterferer in FDL_High(j) < f < FDL_Low(j+1) with j < X, FInterferer can be in both Range 1 and Range 2. Then the lower of the PInterferer applies.

NOTE 3:
For FDL_Low(j) – 15 MHz ≤ f ≤ FDL_High(j) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking requirments in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied for carrier j.

NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured. 

NOTE 5:   For inter-band CA combinations containing Bands 42 or 43, the interferer with respect to Band 42 or Band 43 shall have power level (PInterferer) for Range 3 modified to -20 + RIB,c dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.


Table 7.6.2.1A-0a: out-of-band blocking for inter-band carrier aggregation with one active uplink

	E-UTRA CA Configuration
	Parameter
	Unit
	Range 1
	Range 2
	Range 3

	CA_XA-UA 
	Pwanted
	dBm
	Table 7.6.2.1-1 for all component carriers

	
	Pinterferer
	dBm
	-44 + RIB,c
	-30 + RIB,c
	-15 + RIB,c 
(NOTE 5)

	
	Finterferer
(CW)
	MHz
	-60 < f – FDL_Low(j) < -15
with j ≤ K
or

15 < f – FDL_High(j) < 60
with j ≤ K
	-85 < f – FDL_Low(j) ≤ -60

or

60 ≤ f – FDL_High(j) < 85
	1 ≤ f ≤ FDL_Low(j) – 85

or 

FDL_High(j) + 85 ≤ f

≤ 12750

	NOTE 1:
FDL_Low(j) and FDL_High(j), j = 1,…,K,…N, denote the respective lower and upper frequency limits of the (non-overlapping) operating bands of the CA configuration numbered in increasing order of frequency, with N the number of bands in the band combination and K the number of bands with FDL_High below 2800 MHz (K = 1 and N = 2 in the present version of this specification).
NOTE 2:
For FDL_Low(j) – 15 MHz ≤ f ≤ FDL_High(j) + 15 MHz the appropriate adjacent channel selectivity and in-band blocking requirements in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied for carrier j = 1.
NOTE 3:
For FDL_Low(N) – 60 MHz ≤ f ≤ FDL_High(N) + 60 MHz the appropriate adjacent channel selectivity and in-band blocking requirements in the respective subclauses 7.5.1A and 7.6.1.1A shall be applied for carrier N = 2.
NOTE 4:
RIB,c according to Table 7.3.1-1A applies when serving cell c is measured.
NOTE 5:   The power level (PInterferer) for Range 3 is modified to -20 + RIB,c dBm for FInterferer > 2800 MHz.


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 for one active uplink when measured using a step size of 1 MHz.
4.4 Exceptions for spurious response

For the spurious response requirements in clause 7.7.1, few changes are needed, just a reference to the exceptions for unlicensed bands listed in the new Table 7.6.2.1A-0a proposed above.
4.5 Narrowband blocking

4.5.1 General

Although narrow-band interferers may be present in the unlicensed 5 GHz band, GSM deployment is not likely in view of the regulatory conditions. Therefore, the narrow-band blocking requirements at a 200 kHz offset from a wanted carrier in Band U may not be necessary in the interest of reducing complexity. Hence, for the CA configuration CA_XA-UA, the requirement should therefore only apply with a narrow-band CW interferer present in the licensed Band X, see Figure 3 for a band combination with a licensed FDD band (similar for a licensed carrier in a TDD band).
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Figure 3: narrow-band blocking test setup for CA configuration with a carrier in Band U.

Remark that the core requirements still applies for the licensed carrier with the carrier in the unlicensed band active but not measured.
4.5.2 In the 36.101

An exception to the narrow-band blocking requirements for carriers in Band U should be included in Clause 7.6.3.1A:
7.6.3.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the narrow-band blocking requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.6.3.1 for each component carrier while all downlink carriers are active. For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of UL operation. For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the narrow-band blocking requirements of subclause 7.6.3.1A do not apply. For E-UTRA CA configurations with a component carrier assigned in Band U, the narrow-band blocking requirements of subclause 7.6.3.1A do not apply in the presence of a narrow-band interferer in Band U. 
5 Wideband intermodulation

5.1.1 General

Wideband intermodulation performance should also be verified for the unlicensed band in view of the interference from unwanted carriers in the adjacent- and alternative adjacent channels. The standard test configuration used for the licensed bands for verifying the suppression of intermodulation products could do for the first release, even though one of the interferer signals is a narrow-band CW (carrier) that is less likely interferer in an unlicensed deployment. The wideband interferer bandwidth should be changed to 20 MHz in accordance with the selectivity and blocker tests above.  
5.1.2 In the 36.101

The changes should be included in clause 7.8.1A:
7.8.1A
Minimum requirements for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the wide band intermodulation requirements are defined with the uplink active on the band(s) other than the band whose downlink is being tested. The UE shall meet the requirements specified in subclause 7.8.1.1 for each component carrier while all downlink carriers are active. For E-UTRA CA configurations including an operating band without uplink band (as noted in Table 5.5-1), the requirements for all downlinks shall be met with the single uplink carrier active in each band capable of UL operation. For a component carrier configured in an operating band listed in Table 7.8.1-1A-0, the requirements specified in subclause 7.8.1.1 are replaced by the requirements in Table 7.8.1-1A-0.

Table 7.8.1.1A-0: Wide band intermodulation

	E-UTRA band
	Rx Parameter
	Units 
	Channel bandwidth

	
	
	
	1.4 MHz 
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	U
	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + channel bandwidth specific value below

	
	
	
	12
	8
	6
	6
	7
	9

	
	PInterferer 1
(CW)
	dBm
	-46

	
	PInterferer 2
(Modulated)
	dBm
	-46

	
	BWInterferer 2
	
	
	
	
	
	
	20

	
	FInterferer 1
(Offset)
	MHz
	
	
	
	
	
	-BW/2 – 30

/

+BW/2 + 30

	
	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L at the minimum uplink configuration specified in Table 7.3.1-2 with PCMAX_L as defined in subclause 6.2.5.

NOTE 2:
Reference measurement channel is 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.

NOTE 3:
The modulated 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 (TBD)


For E-UTRA CA configurations listed in Table 7.3.1A-0a under conditions for which reference sensitivity for the operating band being tested is N/A, the wideband intermodulation requirements of subclause 7.8.1A do not apply.
6 The RMCs for the receiver tests

The receiver tests are expressed in terms of the following requirement for the wanted signal
The throughput in the downlink measured 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) with parameters specified in Tables 7.6.2.1-1 and 7.6.2.1A-0.
For wanted signals in the unlicensed band, the RMCs for the selectivity, blocker and inter-modulation tests should be modified in accordance with the RMCs for the REFSENS test discussed in Section 2. The standard RMCs for the modulated unwanted interferer signals could possibly be used also in the unlicensed band since not synchronised with the wanted signal. Hence, for 36.101, the RMCs in Annexes A.2.2, A.2.3 and A.3.2 should be amended for wanted signals in Band U. 
7 Proposal

For LAA CA configurations we propose 
1. that the same receiver requirements apply for all carriers in the range 5150-5925 MHz regardless of the number of operator bands defined in the said range;
2. that a tentative REFSENS of the order of [-90] dBm is adopted for the 20 MHz unlicensed carrier when assigned in LAA CA configurations for which the attenuation of the TX signal in the licensed band is at least 50 dB;
3. that the minimum input signal level is specified as [-25] dBm

4. that the ACS is maintained at 27 dB for the 20 MHz bandwidth but the interferer bandwidth changed to 20 MHz;

5. that “in-band” refers to the full range 5150-5925 MHz regardless of the number of operator bands defined in the said range;
6. that the standard in-band blocking requirements are kept but with the interferer bandwidth changed to 20 MHz and hence that the applicability of the requirements cover up to the first 60 MHz outside the range 5150-5925 MHz;
7. that the standard out-of-band blocking requirements are kept but the interferer level is reduced to -20 dBm above 2800 MHz.
8. that the narrow-band blocking requirements do not apply for the unlicensed carrier;

9. that the wideband inter-modulation test is kept but with the interferer bandwidth changed to 20 MHz. 
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