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Introduction
In this contribution, we make proposals on how to update the most relevant RF requirements for LAA. In particular, we focus on UE core requirements with emphasis on how the minimum performance for adjacent channel sensitivity, in-band blocking, out-of-band blocking and reference sensitivity could be introduced for 5GHz band. 

5GHz interference environment
RF performance requirements for adjacent channel selectivity and in-band blocking is based on the estimated and/or measured interferer radio environment. In this contribution, following the working agreement in [1], we will assume that a single band, namely band 45, is defined for LAA operation in 5GHz spectrum. 
In 5GHz band, because of the wide presence of Wi-Fi APs and STAs we can assume that interferer will likely occupy 20MHz channel. Indeed, we can estimate that 20MHz transmission is the more likely to happen and that impact of 20MHz transmission is more detrimental to LAA receiver compared to higher bandwidth. For the above reasons, we will derive core requirements for LAA in 5GHz by assuming that typical interfere will occupy 20MHz channel.
Observation 1: Typical aggressor signal in 5GHz band occupies 20MHz channel. 

UE ACS minimum requirement
Following Observation 1, it can be noted that compared to the legacy requirement, the minimum requirement for ACS in 5GHz band should be updated by considering the different aggressor bandwidth in the test parameters. In other words, we propose to keep same ACS value, i.e. 27dB for 20MHz channels, but increasing the interferer bandwidth to reflect a more realistic interference scenario in 5GHz unlicensed spectrum.  
Proposal 1: ACS value for 20MHz channel bandwidth in 5GHz band should be 27dB.
Proposal 2: For 5GHz band, the bandwidth of the interferer signal for ACS test should be 20MHz.
Based on Proposal 2, we suggest to only modify ACS tables for Case 1 and Case 2 as follows.
Table 7.5.1-2: 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

	
	Power in Transmission Bandwidth Configuration
	dBm
	REFSENS + 14 dB

	
	PInterferer
	dBm
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +45.5dB
	REFSENS +42.5dB
	REFSENS +39.5dB

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 
25, 26, 27, 28, 293, 30, 31, 323, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 
	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	
	FInterferer (offset)
	MHz
	1.4+0.0025
/
-1.4-0.0025
	3+0.0075
/
-3-0.0075
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025

	45
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FInterferer (offset)
	MHz
	
	
	
	
	
	20+0.0025
/
-20.5-0.0025

	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 requirement for these bands are applicable only in inter-band carrier aggregation modes. 



Table 7.5.1-3: 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

	
	Power in Transmission Bandwidth Configuration
	dBm
	-56.5
	-56.5
	-56.5
	-56.5
	-53.5
	-50.5

	
	PInterferer
	dBm
	-25

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 
25, 26, 27, 28, 293, 30, 31, 323, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44 
	BWInterferer 
	MHz
	1.4
	3
	5
	5
	5
	5

	
	FInterferer (offset)
	MHz
	1.4+0.0025
/
-1.4-0.0025
	 3+0.0075
/
-3-0.0075
	5+0.0025
/
-5-0.0025
	7.5+0.0075
/
-7.5-0.0075
	10+0.0125
/
-10-0.0125
	12.5+0.0025
/
-12.5-0.0025

	45
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FInterferer (offset)
	MHz
	
	
	
	
	
	20+0.0025
/
-20.5-0.0025

	NOTE 1:	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 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 requirement for these bands are applicable only in inter-band carrier aggregation modes.



In case of carrier aggregation, assuming that only 20MHz channels are allowed in 5GHz, a similar requirement can be derived for the case of intra band carrier aggregation. In other words, even for the CA we propose to leave unchanged the ACS value, namely 24dB for class C CA, and modify the aggressor bandwidth:
Proposal 3: ACS value for intra band CA class C should be 24dB.
Proposal 4: In case of intra-band CA class C in 5GHz band, the bandwidth of the interferer signal for ACS test should be 20MHz.

UE In-band blocking requirement
Similarly to what done for ACS, we propose to update in-band blocking requirement by taking into account the different interference scenario available in 5GHz band. Based on Observation 1, we propose to update the blocker bandwidth to be 20MHz in the in-band blocking test for 5GHz band.  
Proposal 5: For 5GHz band, the bandwidth of the interferer signal for in-band blocking test should be 20MHz.
Following proposal 2, a possible approach for the modification of in band blocking parameters table in TS 36.101 is proposed below:
Table 7.6.1.1-1: In band blocking parameters
	E-UTRA band
	Rx parameter
	Units 
	Channel bandwidth

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

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

	
	
	
	6
	6
	6
	6
	7
	9

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23,
25, 26, 27, 28, 293, 31, 323, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44
	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

	45
	BWInterferer 
	MHz
	
	
	
	
	
	20

	
	FIoffset, case 1 
	MHz
	
	
	
	
	
	30+0.125

	
	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 requirement for these bands are applicable only in inter-band carrier aggregation modes. 



Considering the nature of interferer in 5GHz band, the definition of in-band blocking can be also extended as follows:
Proposal 6: In 5GHz band, in-band blocking should be defined for an unwanted interfering signal falling into the UE receive band or into the first 60 MHz below or above the UE receive band.
In case of carrier aggregation, similar approach can be adopted to update current specification. Similar to what done in Table 7.6.1.1-1, we propose to update Table 7.6.1.1A-1 in TS 36.101 by considering BWinterferer=20MHz, Foffset, case 1=30MHz and Foffset, case 2=50MHz for case C in 5GHz band.
Proposal 7: In case of intra-band CA class C in 5GHz band, the bandwidth of the interferer signal for in-band blocking test should be 20MHz, Foffset, case 1 should be 30MHz and Foffset, case 2 should be 50MHz.
UE Reference Sensitivity
Several alternatives can be considered for UE reference architecture. In the derivation of reference sensitivity for unlicensed band we will assume that licensed bands share an antenna and the 2.4GHz/5GHz Wi-Fi and LAA operating in 5GHz share a different antenna. For the licensed band we assume a reference architecture based on diplexer. 
We will now focus on unlicensed band architecture, as shown in Figure 1.


[bookmark: _Ref431483693]Figure 1. UE reference architecture for unlicensed bands.
As a first observation, it is worth noticing that LAA spectrum is much higher in frequency than the existing 3GPP bands. In general the losses in components get higher as frequencies increase, due to power dissipation in dielectrics and added sensitivity to parasitic reactances. In order to evaluate reference sensitivity for 5GHz band, we provide information about the losses of the main components playing a role in REFSENS derivation. For each component we consider datasheets from at least two vendors. Insertion losses for 5GHz diplexers, switches and bandpass filters are reported in Table 1, Table 2 and Table 3, respectively.
[bookmark: _Ref431484468]Table 1. 5GHz diplexer insertion losses.
	Name
	Vendor
	2.5GHz Band [dB]
	5GHz Band [dB]

	5GHz Diplexer
	A
	0.5
	1

	5GHz Diplexer
	B
	0.6
	1.2



[bookmark: _Ref431484474]Table 2. Switch insertion losses.
	Name
	Vendor
	Switching time
	5GHz IL [dB]

	Fast SPDT
	A
	400 nsec
	1

	SPDT
	B
	1 usec
	0.7



[bookmark: _Ref431484475]Table 3. 5GHz bandpass filter insertion losses.
	Name
	Vendor
	5GHz Band  IL [dB]

	5GHz BPF
	A
	2

	5GHz BPF
	B
	2

	5GHz BPF
	C
	1.9



Other important factor to be taken into account are the losses due to interconnections. Indeed, as frequencies increase, the losses in the board dielectric material increase. This results in higher insertion loss for the same interconnection. 
Figure 1 shows a simulation of one example interconnection on a UE circuit board versus frequency. If the losses at the lower frequencies to the higher frequencies are compared, for example 600MHz compared to 6GHz, it is observed that the loss increases from about 0.1 dB to about 0.55 dB. The LAA band frequencies are much higher than the the existing licensed bands, up to almost 6GHz. It can be seen that the interconnection loss is twice for LAA compared to the licensed bands. 
[image: ]
Figure 2. Example insertion loss vs frequency board interconnection.
Considering in the lower bands 1 dB would be a nominal amount of insertion loss for board interconnection, we budget 2 dB for the 5GHz band.
Other two aspects relevant in REFSENS calculation are related to receiver noise figure and mismatch loss. At high frequencies parasitic reactances reduce the gain of active devices. This reduction in gain happens at the transistor level in the integrated circuit. Since the gains are reduced, then naturally the noise figure increases. Furthermore, for the LAA band the receiver needs to operate over a very wide 1GHz bandwidth while for the licensed bands the bandwidth is 10 times less. This results in additional signal loss at the interface to the receiver from the passive components. This added mismatch loss can be up to 1dB, so this should be included in the budget.
The typical noise figure assumption used in REFSENS has been 5dB. We would add another 1 dB to the budget for the effect at 5-6 GHz.
If we consider a required SNR for REFSENS measurement channel equal to -1dB, the typical implementation margin adopted in 3GPP and the correction for the diversity gain, REFSENS value can be derived as shown in Table 4. 
[bookmark: _Ref431486273]Table 4. REFSENS computation for LAA UE.
	Component
	Value
	Unit

	Conventional RF IC NF
	5
	dB

	NF increase due to receiver gain reduction in 5-6 GHz
	1
	dB

	Wideband mismatch loss
	1
	dB

	Diplexer insertion loss
	1.2
	dB

	SPDT insertion loss
	0.7
	dB

	Fast SPDT insertion loss
	1
	dB

	5GHz Rx BPF insertion loss
	2
	dB

	Interconnection loss
	2
	dB

	Implementation margin
	2
	dB

	Diversity combiner loss
	0.5
	dB

	Diversity gain adjustment
	-3
	dB

	Total NF
	13.4
	dB

	
	
	

	Noise BW for 20 MHz channel (18 MHz BW)
	72.6
	dBHz

	Noise @ input
	-101.4
	dBm

	Noise @ input including NF
	-88
	dBm

	
	
	

	Required SNR for REFSENS
	-1
	dB

	Required Signal power for REFSENS
	-89
	dBm




Therefore, based on the above calculation a value of -89dBm is derived.
Proposal 8: reference sensitivity for 20MHz channels in 5GHz spectrum should be -89dBm.
OOB Blocking
Another important RF requirement which needs to be updated for the new LAA band is out of band blocking. The current requirement for interferer level (Pinterferer) in case of Range 3 was recently relaxed from -15dBm to -20dBm for frequency range FInterferer > 2800 MHz and FInterferer < 4400 MHz. There was a long discussion in RAN4 justifying this relaxation. In particular, both aspects related to path loss and network performance [4] and implementation considerations [5] were taken into account. With similar arguments as the ones used for the 3.5GHz case, we propose an equivalent update of the interferer power level affecting LAA band:
Proposal 9: For UE out of band blocking test, the power level of the interferer (PInterferer) for Range 3 should be modified to -23 dBm for FInterferer > 4400MHz.
Table 7.6.2.1-2: Out of band blocking
	E-UTRA band
	Parameter
	Units 
	Frequency 

	
	
	
	Range 1
	Range 2
	Range 3
	Range 4

	
	PInterferer
	dBm
	-44
	-30
	-15
	-15

	1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 30, 31, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42 (NOTE 2), 43 (NOTE 2), 44
	FInterferer (CW)
	MHz
	FDL_low -15 to
FDL_low -60 
	FDL_low -60 to
FDL_low -85 
	FDL_low -85 to 
1 MHz
	-

	
	
	
	FDL_high +15 to
FDL_high + 60 
	FDL_high +60 to
FDL_high +85 
	FDL_high +85 to
+12750 MHz
	-

	2, 5, 12, 17
	FInterferer
	MHz
	-
	-
	-
	FUL_low - FUL_high

	NOTE 1:	For the UE which supports both Band 11 and Band 21 the out of blocking is FFS. 
NOTE 2:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -20 dBm for FInterferer > 2800 MHz and FInterferer < 4400 MHz.
NOTE 3:	The power level of the interferer (PInterferer) for Range 3 shall be modified to -23 dBm for FInterferer > 4400 MHz.



Conclusion
In this contribution we analysed UE ACS, in-band blocking, REFSENS and out-of-band blocking minimum requirements for LAA in 5GHz band. Taking into account the different environment scenario due to the large presence of Wi-Fi APs and STAs in 5GHz spectrum, we made the following observation:
Observation 1: Typical aggressor signal in 5GHz band occupies 20MHz channel. 
Based on Observation 1, we also made the following proposals for UE ACS and in-band blocking minimum requirements: 
Proposal 1: ACS value for 20MHz channel bandwidth in 5GHz band should be 27dB.
Proposal 2: For 5GHz band, the bandwidth of the interferer signal for ACS test should be 20MHz.
Proposal 3: ACS value for intra band CA class C should be 24dB.
Proposal 4: In case of intra-band CA class C in 5GHz band, the bandwidth of the interferer signal for ACS test should be 20MHz.
Proposal 5: For 5GHz band, the bandwidth of the interferer signal for in-band blocking test should be 20MHz.
Proposal 6: In 5GHz band, in-band blocking should be defined for an unwanted interfering signal falling into the UE receive band or into the first 60 MHz below or above the UE receive band.
Proposal 7: In case of intra-band CA class C in 5GHz band, the bandwidth of the interferer signal for in-band blocking test should be 20MHz, Foffset, case 1 should be 30MHz and Foffset, case 2 should be 50MHz.
Proposal 8: reference sensitivity for 20MHz channels in 5GHz spectrum should be -89dBm.
Proposal 9: For UE out of band blocking test, the power level of the interferer (PInterferer) for Range 3 should be modified to -23 dBm for FInterferer > 4400MHz.
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