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1. Introduction
In this document, we propose to introduce RX blocking requirements for all BW Class in general.
2. Discussion

2.1. RX Requirements for Bandwidth Class B and F
WF [1] presented 2 options to introduce RX requirements and BW combination sets into BW class B and F.
· Option 1: 
· Remove intra-band contiguous CA configuration combinations set for BW Class B and BW F in Rel-15 and define in Rel-16
· Remove ACS, IBB and OBB requirements for intra-band contiguous CA for BW Class B and F in Rel-15 and define in Rel-16
· Option 2:
· Mantain intra-band contiguous CA configuration combinations set for BW Class B and BW F in Rel-15
· Define ACS, IBB and OBB requirements for intra-band contiguous CA for BW Class B and F in Rel-15 
· Unless agreement is not reached on ACS, IBB and OBB requirements remove BW Class B and F at the end of RAN4#89
Observation 1: We cannot agree to using existing RX requirements proposed for all the band combinations in BW class B and F (option 2) unless we modify the current RX requirements, which are applicable only to BW class C based on V15.1 of TS.
2.2. RX Requirements for Additional Band Combinations for Bandwidth Class C

WF [2] presented 2 options to introduce RX requirements and new BW combination sets into BW class C (10+100, 20+100, 40+100).

· If it is acceptable, apply Option 1 (Release 15)
· No additional Rx requirement are needed
· If it is not acceptable, apply Option 2 (Release 16 independent)
· Evaluate additional Rx requirements to adjust to new CBW set
It is important to note that the agreement in [3] only applies to bandwidth class C for the BW combination sets defined from a previous TS [4]. 
Observation 2: We cannot agree to using existing RX requirements proposed for the new band combinations introduced in BW class C unless we modify the current RX requirements, which are applicable only to BW class C based on V15.1 of TS.
2.3. Defining RX requirements for Bandwidth Class defined in 3GPP TS 38.101-1 V15.2 (2018-6)
In CA, various UE architectures exist to process intra-band carriers. So, it is necessary to define RX specifications to satisfy the broader range of UE architectures, especially when existing architectures must be leveraged as we transition from 4G to 5G.
2.3.1.  Assumptions and basis for existing RX requirements

In RAN4#86 [3], we introduced an option to use the aggregated BW for jammers (essentially an extension of the single CC NR bands RX requirements) for ACS and IBB to make sure out of band blockers are sufficiently far away in frequency as to not desensitize the RX with practical realizable UE NR band front end filters. At that time, BW class C consisted only of a specific set of band combinations shown in Table 1.

Table 1: BW class C (38.101-1 Ver 15.1 2018-03)
	E-UTRA CA configuration / Bandwidth combination set

	NR CA configuration
	Uplink CA configurations
	Component carriers in order of increasing carrier frequency
	Aggregated 
bandwidth (MHz)

	
	
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	Channel bandwidths for carrier (MHz)
	

	CA_n77C

CA_n78C

CA_n79C
	
	50
	60
	
	
	
	110

	
	
	60
	60
	
	
	
	120

	
	
	50
	80
	
	
	
	130

	
	
	60
	80
	
	
	
	140

	
	
	50
	100
	
	
	
	150

	
	
	60
	100
	
	
	
	160

	
	
	80
	80
	
	
	
	160

	
	
	80
	100
	
	
	
	180

	
	
	100
	100
	
	
	
	200


2.3.2.  Problems with generalizing existing RX requirements for all BW class

We highlight 3 major reasons why it is not practical to generalize the existing RX requirements for all other BW class

· Leveraging 4G to 5G: As we transition from 4G CA to 5G, we use EN-DC. Some UE vendors may leverage existing or single CC type architecture even for NR bands to reduce cost and complexity. For example, there are some bands within proximity (in freq.) as well as overlapping bands such as B41, B42 and n77/79. So, it makes sense to narrow the jammer bandwidth as was done for the re-farmed bands and LTE-CA ACS approach.
· Equipment Cost and Testing Practicality:  When testing receiver characteristics, equipment will need to generate wide BW jammer signals, which increases cost of signal generators due to higher DAC sample rate or SW option to aggregate CC’s to construct a wide BW jammer. This type of equipment is not just required at the design or debug level, but at the production level, which compounds the cost.
· Lack of RX selectivity testing: Using excessive wide bandwidth jammers forces what are supposed to be in-band blockers to be outside of RF bandwidth when aggregated BW exceed 300M or 400M, in certain BW class such as BW class E, K, and L. The OOB blocker must start greater than 900MHz or 1200MHz offset from the channel edge. IBB blockers are also pushed out of band.
2.3.3. ACS/IBB for all BW class
To be able to introduce RX requirements for all BW class and to avoid the issues in section 2.3.2, we suggest limiting the jammer bandwidth. We choose to take the approach used in the re-farmed bands but not use the 5M jammer BW, but perhaps limit the jammer bandwidth to the minimum of the component carrier bandwidths specified in the BW class and scale jammer levels accordingly to ensure no loss of RX selectivity testing.
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Figure 1 shows the impact on RX selectivity requirement for the 2 cases. From figure 1, the existing case does not test RX selectivity very well. The Jammer PSD is lower in the existing case. The ACS levels are lower in the proposed solution because the ACS is defined differently. It is simply a matter of definition. The new ACS/IBB definition simply follows what has been done in the re-farmed bands as well as legacy LTE-CA without the loss of testing to a lower selectivity requirement.

· The proposed ACS is defined as the ratio of the jammer level to aggregated power of component carriers, 
· The existing ACS is defined as the ratio of the aggregated BW jammer power to the component carrier power. 
· In-band blockers in the narrow band blocker case provide the selectivity test coverage for the wideband ACS jammer.

Observation 3: Testing with a lower bandwidth jammer provides no loss of a selectivity requirement compared to using a higher bandwidth jammer with benefit of cost savings.

Proposal 1: Use ACS, IBB, OBB values as shown in Table 1, 2, and 3, which is similar approach to LTE-CA, but with the minimum of the component carriers used in the bandwidth class for the jammer BW.
Proposal 2: If no agreement in proposal 1, remove new combinations in BW class C and all band combinations in BW class B, D, E, F, G, H, I, J, K, L from release 15 and introduce new and remaining BW class as release 16 dependent.
Table 1: Summary of Intra-band RX specifications for new option
	BW Class
	AggBW
	Jammer BW
	ACS1 dB
	ACS2 sig, dBm
	ACS2 dBm
	∆IBB sig
	IBB1 dBm
	IBB2 dbm
	∆OBB sig
	OBB_Range2
	OBB_Range 3

	B 
	20M-50M
	10M
	26.0
	-49.5 +10log(Nc/Nagg)
	-25
	13.0
	-56
	-44
	9
	
	max(200,3AggBW)

	F
	60M-100M
	20M
	27.6
	-51.1 +10log(Nc/Nagg)
	-25
	11.4
	-56
	-44
	9
	
	max(200,3AggBW)

	C
	110M-200M
	10M
	22.6
	-46.1 +10log(Nc/Nagg)
	-25
	16.4
	-56
	-44
	9
	 
	max(200,3AggBW)

	D
	210M-300M
	50M
	26.0
	-49.5+10log(Nc/Nagg)
	-25
	13.0
	-56
	-44
	9
	
	Min(600M, max(200M,3AggBW)

	E
	310M-400M
	50M
	24.5
	-48.0+10log(Nc/Nagg)
	-25
	14.5
	-56
	-44
	9
	
	Min(600M, max(200M,3AggBW)

	G
	110M-150M
	20M
	25.2
	-48.7+10log(Nc/Nagg)
	-25
	13.8
	-56
	-44
	9
	
	max(200,3AggBW)

	H
	160M-200M
	20M
	23.7
	-47.2+10log(Nc/Nagg)
	-25
	15.3
	-56
	-44
	9
	
	max(200,3AggBW)

	I
	210M-250M
	20M
	22.6
	-46.1+10log(Nc/Nagg)
	-25
	16.4
	-56
	-44
	9
	
	Min(600M, max(200M,3AggBW)

	J
	260M-300M
	20M
	24.4
	-47.9+10log(Nc/Nagg)
	-25
	14.6
	-56
	-44
	9
	
	Min(600M, max(200M,3AggBW)

	K
	310M-350M
	20M
	21.0
	-44.5+10log(Nc/Nagg)
	-25
	18.0
	-56
	-44
	9
	
	Min(600M, max(200M,3AggBW)

	L
	360M-400M
	20M
	20.3
	-43.8+10log(Nc/Nagg)
	-25
	18.7
	-56
	-44
	9
	 
	Min(600M, max(200M,3AggBW)

	NOTE 1: ACS1 tested with REFSENS+14dB per CC

NOTE 2: ∆IBB and ∆OBB are added to REFSENS per CC

NOTE 3: Jammer BW is the minimum CCBW in the Bandwidth Class

NOTE 4: Jammer BW’s apply to ACS BW and IBB BW


2.3.4.  ACS test case 1 Spec Detail

Table 7.5.1A-1: Adjacent channel selectivity, all BW Class
	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	B
	C
	D
	E
	F

	ACS
	dB
	26
	22.6
	26
	24.5
	27.6


	
	
	CA Bandwidth Class

	Rx Parameter
	Units
	G
	H
	I
	J
	K
	L

	ACS
	dB
	25.2
	23.7
	22.6
	21.7
	21
	20.3


Table 7.5.1A-2: Test parameters for Adjacent channel selectivity, all BW Class
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB

	PInterferer
	dBm
	Aggregated power + 24.5 dB
	Aggregated power + 20.1 dB
	Aggregated power + 25.5dB
	Aggregated power + 23 dB
	Aggregated power + 26.1 dB

	BWInterferer 
	MHz
	10
	10
	50
	50
	20

	FInterferer (offset)
	MHz
	5 + Foffset
/

-5 - Foffset
	5 + Foffset
/

-5 - Foffset
	25 + Foffset
/

-25 -Foffset
	25 + Foffset
/

-25 -Foffset
	10 + Foffset
/

-10 - Foffset

	NOTE 1:
The transmitter shall be set to 4dB below […].

NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 
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MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.

NOTE 3:
The interferer consists of the RMC specified in […]


	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	G
	H
	I
	J
	K
	L

	Pw in Transmission Bandwidth Configuration, per CC
	
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB
	REFSENS + 14 dB

	PInterferer
	dBm
	Aggregated power + 23.7 dB
	Aggregated power + 22.2 dB
	Aggregated power + 21.1dB
	Aggregated power + 20.2 dB
	Aggregated power + 19.5 dB
	Aggregated power + 18.8 dB

	BWInterferer 
	MHz
	20
	20
	20
	20
	20
	20

	FInterferer (offset)
	MHz
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 -Foffset
	10 + Foffset
/

-10 -Foffset
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 - Foffset

	NOTE 1:
The transmitter shall be set to 4dB below […].

NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 
[image: image3.wmf]é

ù

(

)

SCS

SCS

F

5

.

0

/

interferer

+

MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.

NOTE 3:
The interferer consists of the RMC specified in […]


2.3.5. ACS test case 2 Spec Detail

Table 7.5.1A-3: Test parameters for Adjacent channel selectivity, all BW Class, 
	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-50.5 +10log10(NRB,c/ NRB agg)
	-46.1 +10log10(NRB,c/NRB agg)
	-49.5+10log10(NRB,c/NRB agg)
	-48.0 +10log10(NRB,c/NRB agg)
	-51.1 +10log10(NRB,c/NRB agg)

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	10
	10
	50
	50
	20

	FInterferer (offset)


	MHz
	5 + Foffset
/

-5 - Foffset
	5 + Foffset
/

-5 - Foffset
	25 + Foffset
/

-25 -Foffset
	25 + Foffset
/

-25 -Foffset
	10 + Foffset
/

-10 - Foffset

	NOTE 1:
The transmitter shall be set to 24dB below […].

NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 
[image: image4.wmf]é

ù

(

)

SCS

SCS

F

5

.

0

/

interferer

+

MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.

NOTE 3:
The interferer consists of the RMC specified in […]


	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	G
	H
	I
	J
	K
	L

	Pw in Transmission Bandwidth Configuration, per CC 
	dBm
	-48.7 +10log10(NRB,c/ NRB agg)
	-47.2 +10log10(NRB,c/NRB agg)
	-46.1+10log10(NRB,c/NRB agg)
	-45.2 +10log10(NRB,c/NRB agg)
	-44.6 +10log10(NRB,c/NRB agg)
	-43.8 +10log10(NRB,c/NRB agg)

	PInterferer
	dBm
	-25

	BWInterferer 
	MHz
	20
	20
	20
	20
	20
	20

	FInterferer (offset)


	MHz
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 -Foffset
	10 + Foffset
/

-10 -Foffset
	10 + Foffset
/

-10 - Foffset
	10 + Foffset
/

-10 - Foffset

	NOTE 1:
The transmitter shall be set to 24dB below […].

NOTE 2:
The absolute value of the interferer offset Finterferer (offset) shall be further adjusted to 
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MHz with SCS the sub-carrier spacing of the wanted signal in MHz. The interferer is an NR signal with an SCS equal to that of the wanted signal.

NOTE 3:
The interferer consists of the RMC specified in […]


2.3.6.  IBB Spec Detail
Table 7.6.1.1A-1: In band blocking parameters for all BW class set 0

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	B
	C
	D
	E
	F

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

	
	
	13
	16.4
	13
	14.5
	11.4

	BWInterferer 
	MHz
	10
	10
	50
	50
	20

	FIoffset, case 1 
	MHz
	15
	15
	75
	75
	30

	FIoffset, case 2 
	MHz
	25
	25
	125
	125
	50

	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:
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


	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	G
	H
	I
	J
	K
	L

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

	
	
	13.8
	15.3
	16.4
	14.6
	18
	18.7

	BWInterferer 
	MHz
	20
	20
	20
	20
	20
	20

	FIoffset, case 1 
	MHz
	30
	30
	30
	30
	30
	30

	FIoffset, case 2 
	MHz
	50
	50
	50
	50
	50
	50

	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:
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-2: In-band blocking

	CA configuration
	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

	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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3. Conclusion
Observation 1: We cannot agree to using existing RX requirements proposed for all the band combinations in BW class B and F (option 2) unless we modify the current RX requirements, which are applicable only to BW class C based on V15.1 of TS.

Observation 2: We cannot agree to using existing RX requirements proposed for the new band combinations introduced in BW class C unless we modify the current RX requirements, which are applicable only to BW class C based on V15.1 of TS.

Observation 3: Testing with a lower bandwidth jammer provides no loss of a selectivity requirement compared to using a higher bandwidth jammer with benefit of cost savings.
Proposal 1: Use ACS, IBB, OBB values as shown in Table 1, 2, and 3, which is similar approach to LTE-CA, but with the minimum of the component carriers used in the bandwidth class for the jammer BW.

Proposal 2: If no agreement in either proposal 1, remove new combinations in BW class C and all band combinations in BW class B, D, E, F, G, H, I, J, K, L from release 15 and introduce remaining BW class as release 16 dependent. 
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