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1 Background
In this follow-up to [1] and [2] we propose resolutions for blocker levels of in-band and out-of-band blocking and the support of up to four contiguous carriers in the unlicensed band. We assume that the unlicensed band is designated as Band 45. The nominal channel spacing for this also has to be modified to optimize WiFi coexistence. Most of the proposals are implemented in the CR to 36.101 supplied in [3].
2 Nominal channel spacing

The unlicensed Band 45 supports 20 MHz carrier bandwidth for which the standard nominal carrier spacing is 19.8 MHz if aggregated with other component carriers of the same bandwidth. For coexistence with WiFi operation in the 5GHz band, the unlicensed E-UTRA carriers should be aligned with the WiFi channels with their 20 MHz spacing. To this end it has been agreed to use both 19.8 MHz and 20.1 MHz channel spacing for the E-UTRA channels. In order to avoid complications with indication of intra-band contiguous CA configurations in Band 45 we propose to allow two different nominal channel spacing for Band 45. This exception must be made for both non-CA and CA operation in Band 45:

5.7.1

Channel spacing
The spacing between carriers will depend on the deployment scenario, the size of the frequency block available and the channel bandwidths. The nominal channel spacing between two adjacent E-UTRA carriers is defined as following unless stated otherwise:

Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2 

where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA carriers. The channel spacing can be adjusted to optimize performance in a particular deployment scenario.
For carriers in Band 45, the requirements apply for both 19.8 MHz and 20.1 MHz nominal carrier spacing.
5.7.1A

Channel spacing for CA
For intra-band contiguous carrier aggregation with two or more component carriers, the nominal channel spacing between two adjacent E-UTRA component carriers is defined as the following unless stated otherwise:
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where BWChannel(1) and BWChannel(2) are the channel bandwidths of the two respective E-UTRA component carriers according to Table 5.6-1 with values in MHz. The channel spacing for intra-band contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than the nominal channel spacing to optimize performance in a particular deployment scenario.
For intra-band contiguous carrier aggregation with two or more component carriers in Band 45, the requirements apply for both 19.8 MHz and 20.1 MHz nominal carrier spacing.
For intra-band non-contiguous carrier aggregation the channel spacing between two E-UTRA component carriers in different sub-blocks shall be larger than the nominal channel spacing defined in this subclause.
3 In-band blocking for up to four carriers

The blocker level for the first alternate adjacent channel has been subject to discussion in RAN4. The interferer bandwidth has been increased from 5 to 20 MHz for wanted carriers in Band 45, which implies that the frequency separation between the interferer and wanted signal will increase. The difference between the frequency separations for standard case and that of Band 45 is displayed in Figure 1. 
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Figure 1: interferer frequency offset in a licensed (upper) and in Band 45 (lower).
Given the channel bandwidth for the wanted channel, the filtering requirements are similar for the two cases in Figure 1. Therefore a possible resolution is to adopt a -44 dBm blocker level also for the first alternate adjacent channel as suggested in Figure 2; the PSD of the blocker is lower for the 20 MHz case and margins for in-band blocking are typically large. 
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Figure 2: increased in-band blocker level for the first alternate adjacent channel.
This proposal is not implemented in the CR supplied in [3].
For carrier aggregation of up to 4 carriers, the specification of the offset is not available for four CCs in licensed bands. We therefore tentatively propose a scaled value for CA bandwidth class E. Scaling may be relevant since the filtering rejection is more limited for a larger number of aggregated carriers. The test configuration for combinations of inter-band and intra-band CA must be modified for Band 45 to cater for a Class E and the 20 MHz interferer bandwidth:
For combinations of intra-band and inter-band carrier aggregation with up to four downlink carriers (up to two non-contiguously aggregated carriers per band and up to three contiguously aggregated carriers per band) and one uplink carrier assigned to one E-UTRA band, the requirement is defined with the uplink active in the band other than that supporting the downlink(s) under test. The uplink configuration shall be in accordance with Table 7.3.1A-3 when the uplink is active in the band supporting two non-contiguous component carriers, Table 7.3.1A-1 when the uplink is active in a band supporting two contiguous component carriers and in accordance with Table 7.3.1-2 when the uplink is active in a band supporting one carrier per band. The downlink PCC shall be configured closer to the uplink operating band than the downlink SCC(s) when the uplink is active in band(s) supporting contiguous aggregation of up to three component carriers. For these uplink configurations, the UE shall meet the in-band blocking requirements for intra-band non-contiguous carrier aggregation of two downlink carriers with RIBNC = 0 dB for all sub-block gaps (Table 7.3.1A-3) for the two non-contiguous downlink carriers, the requirements for intra-band contiguous carrier aggregation for the contiguously aggregated downlink carriers and for any remaining component carrier(s) the requirements specified in subclause 7.6.1. For contiguously aggregated component carriers configured in Band 45, the said requirements for intra-band contiguous carrier aggregation of downlink carriers are replaced by requirements in Table 7.6.1.1A-3 and 7.6.1.1A-4. For two non-contiguously aggregated component carriers configured in Band 45, the said requirements and test parameters for intra-band non-contiguous carrier aggregation of downlink carriers are replaced by TBD. All downlink carriers shall be active throughout the tests and the requirements for the downlinks shall be met with the single uplink carrier active in each band capable of uplink operation.
Table 7.6.1.1A-3: In band blocking parameters
	E-UTRA Band
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	
	B
	C
	D
	E
	F

	45
	Pw in Transmission Bandwidth Configuration, per CC
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	
	12
	13.8
	[15]
	

	
	BWInterferer 
	MHz
	
	20
	20
	20
	

	
	FIoffset, case 1 
	MHz
	
	30
	30
	30
	

	
	FIoffset, case 2 
	MHz
	
	50
	50
	50
	

	NOTE 1: 
In a band capable of uplink operation, the transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A
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


Table 7.6.1.1A-4: In-band blocking

	E-UTRA Band
	Parameter
	 Unit
	Case 1
	Case 2

	
	PInterferer
	 dBm
	[-56]
	-44

	
	FInterferer
(offset)
	MHz
	=-Foffset– FIoffset,case 1
&

=+Foffset + FIoffset,case 1
	≤-Foffset– FIoffset,case 2
&

≥+Foffset + FIoffset,case 2

	45
	FInterferer (Range)
	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 below or above the UE receive band 
NOTE 2:
For each carrier frequency the requirement is valid for two frequencies: 




a. the carrier frequency -Foffset - FIoffset, case 1 and




b. the carrier frequency +Foffset + FIoffset, case 1
NOTE 3:
Foffset is the frequency offset from the center frequency of the CC being tested to the edge of aggregated channel bandwidth.

NOTE 4:
The Finterferer (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the interferer and shall be further adjusted to 
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Requirements for non-contiguous CA (the yellow highlight above) can be accommodated once the relevant CA configurations are agreed.
4 Out-of-band blocker levels above 5 GHz

The out-of-band blocker power level for Range 3 is also subject to dispute. For UEs supporting LAA, it may be relevant to relax highest out-of-band blocker power levels (Range 3) 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, see an example filter trace in Figure 3. 
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Figure 3: trace of a thin-film filter designed for 5 GHz WLAN operation.
A tentative [-20] dBm would be appropriate in Range 3 above 4400 MHz, which would be the upper limit of 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 4. 
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Figure 4: the interferer profile for the out-of-band blocker tests.
5 Support of up to four contiguous carriers (Class E)
For the licensed bands, requirements are specified for up to three contiguous carriers (Class D). For Band 45 and CA bandwidth class E we propose (tentatively) that the wanted signal offsets are scaled with the aggregated bandwidth for the ACS, in-band blocking and wide-band intermodulation. Examples are shown in Section 3 above for in-band blocking and for wide-band intermodulation below:
Table 7.8.1A-2: Wide band intermodulation

	E-UTRA Band
	Rx parameter
	Units 
	CA Bandwidth Class

	
	
	
	B
	C
	D
	E
	F

	45
	Power per CC in Aggregated Transmission Bandwidth Configuration
	dBm
	REFSENS + CA Bandwidth Class specific value below

	
	
	
	
	12
	13.8
	[15]
	

	
	PInterferer 1
(CW)
	dBm
	-46

	
	PInterferer 2
(Modulated)
	dBm
	-46

	
	BWInterferer 2
	MHz
	
	20
	20
	20
	

	
	FInterferer 1
(Offset)
	MHz
	
	–Foffset-30
/

+ Foffset+30
	–Foffset-30
/

+ Foffset+30
	–Foffset-30
/

+ Foffset+30
	

	
	FInterferer 2
(Offset)
	MHz
	2*FInterferer 1

	NOTE 1:
The transmitter shall be set to 4dB below PCMAX_L,c or PCMAX_L as defined in subclause 6.2.5A.

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 with set-up according to Annex C.3.1.

NOTE 4:
The interfering modulated signal is 20 MHz E-UTRA signal as described in Annex D interference setting 2;

NOTE 5:
The Finterferer 1 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the CW interferer and Finterferer 2 (offset) is the frequency separation of the center frequency of the carrier closest to the interferer and the center frequency of the modulated interferer.


6 Support of intra-band non-contiguous CA
The test configurations for combination of inter-band and intra-band CA can readily be modified to include non-contiguous aggregation of two carriers in Band 45. The wanted signal levels for both CCs can be referred to the REFSENS for the 20 MHz carrier for the case of one CC in Band 45 since there is no uplink operation in Band 45.
7 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 45. 
8 Proposal

For Band 45 we propose 
1. that the requirements apply for both 19.8 MHz and 20.1 MHz nominal carrier spacing
2. that the standard out-of-band blocking requirements are kept but the interferer level is reduced to -20 dBm above 4400 MHz.
3. that for BW Class E the wanted signal level for ACS, in-band blocking and wideband intermodulation is scaled with the aggregation bandwidth (tentatively).
The in-band blocking level for the first alternate adjacent channel could possibly be tightened to -44 dBm for Band 45 considering the larger frequency offset as compared to the licensed bands.
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