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1. Introduction
This contribution provides the idea on how to improve 4Rx REFSENS requirements specification.
2. Discussion
2.1 Background
With more and more bands supporting 4 antenna ports introduced in TS 36.101, the CA REFSENS exception requirements tables are increased to more large tables with most of them double the lines to add 4Rx REFSENS requirements. The idea to add 4Rx REFSENS requirements in the exception tables is that if the REFSENS is exception due to harmonic, cross ISO, etc, the REFSENS exceptions are reused for 4Rx, otherwise for the bands whose 2Rx REFSENS increased with Rib, the 4Rx REFSENS are tightened according to the single carrier 4Rx REFSENS tightening [1]. Therefore, the spec can be improved using some general descriptions to let the existing and future spec cleaner and make the 4Rx big CR and CA big CR work easier.
The proposal is described in the following section.
2.2 Spec improvement idea
For single carrier 4Rx REFSENS, similar approach with CA can be used. The following is an idea for approval in the group.

ΔRIB,4R is defined similar with CA ΔRIB,c or RIBNC as following
ΔRIB,4R
Allowed reference sensitivity relaxation due to support for 4 antenna ports.

For the single carrier 4Rx requirements, the changes could be the following. When new bands supporting 4Rx are proposed, adding the band number in the line will be ok. It’s easier and clear enough.
<Start of change 1>



	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	




For UE(s) equipped with 4 antenna ports, the minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in ΔRIB,4R in Table 7.3.1-1a for the applicable E-UTRA bands.
Table 7.3.1-1a: ΔRIB,4R
	E-UTRA Band
	ΔRIB,4R [dB]

	1, 2, 3, 7, 20, 21, 25, 39, 40, 41
	2.7

	42
	2.5


<End of change 1>
For the CA exception table, for the bands only tightening ΔRIB,4R REFSENS, a general description can be added. For the reusable REFSENS, a note can be added to make clarification. The idea is shown in the following. 
<Start of change 2>
7.3.1A
Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with one component carrier per operating band and the uplink assigned to one E-UTRA band the throughput 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 Table 7.3.1-1, Table 7.3.1-1a and Table 7.3.1-2. The reference sensitivity is defined to be met with all downlink component carriers active and one of the uplink carriers active. The uplink resource blocks shall be located as close as possible to the primary downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). The primary downlink operating band is the downlink band of the active uplink operating band. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions. 
For UE equipped with 4 antenna ports, the minimum requirements for reference sensitivity in all of the reference sensitivity exception tables shall be increased by the amount given in ΔRIB,4R in Table 7.3.1-1a for the applicable E-UTRA bands unless otherwise specified.
For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions to the aforementioned requirements are allowed when the uplink is active in a lower-frequency band and is within a specified frequency range such that transmitter harmonics fall within the downlink transmission bandwidth assigned in a higher band as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a and Table 7.3.1A-0b.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions due to harmonic issue)

	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_1A-3A-7A-8A4
	1
	
	
	N/A
	N/A
	N/A
	N/A
	FDD

	
	3
	
	
	N/A
	N/A
	N/A
	N/A
	

	
	7
	
	
	N/A
	N/A
	N/A
	N/A
	

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_1A-3A-7A-8A4,5,6
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	
	
	
	
	
	
	
	

	
	3
	
	
	-97
	-94
	-92.2
	-91
	

	
	
	
	
	
	
	
	
	

	
	720
	
	
	-88
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	CA_1A-3A-7A-20A-42A9,10
	1


	
	
	-99.8
	-96.8
	-95
	-93.8
	FDD

	
	
	
	
	
	
	
	
	

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	
	
	
	
	
	
	
	

	
	7
	
	
	
	-94.8
	-93
	-91.8
	

	
	
	
	
	
	
	
	
	

	
	20
	
	
	-97
	-94
	-91.2
	-90
	

	
	
	
	
	
	
	
	
	

	
	4220
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	CA_1A-3A-7A-20A-42A11
	1


	
	
	-99.8 
	-96.8
	-95
	-93.8
	FDD

	
	
	
	
	
	
	
	
	

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	
	
	
	
	
	
	
	

	
	7
	
	
	
	-94.8
	-93
	-91.8
	

	
	
	
	
	
	
	
	
	

	
	20
	
	
	-97
	-94
	-91.2
	-90
	

	
	
	
	
	
	
	
	
	

	
	4220
	
	
	-97.1
	-94.7
	-93.2
	-92.5
	TDD

	CA_1A-3A-7A-28A5,6
	120
	
	
	-89.8
	-89.4
	-89
	-88.7
	FDD

	
	3
	
	
	
	-94
	-92.2
	-91
	

	
	
	
	
	
	
	
	
	

	
	7
	
	
	
	-95
	-93.2
	-92
	

	
	
	
	
	
	
	
	
	

	
	28
	
	
	
	-95.3
	-93.5
	-90.8
	

	CA_1A-3A-7A-42A9,10
	1
	
	
	-99.8 
	-96.8
	-95
	-93.8
	FDD

	
	
	
	
	
	
	
	
	

	
	3
	
	
	-96.8
	-93.8
	-92
	-90.8
	

	
	
	
	
	
	
	
	
	

	
	7
	
	
	
	-94.8
	-93
	-91.8
	

	
	
	
	
	
	
	
	
	

	
	4220
	
	
	-71.7
	-71.7
	-71.7
	-71.7
	TDD

	Lines are omitted here to make the table short …

	CA_28A-40A15,16
	28
	
	
	 -60.7
	 -60.7
	 -60.7
	 -60.7
	FDD

	
	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	CA_28A-41A-42A17,18
	28
	
	
	-98.3
	-95.3
	
	
	FDD

	
	4120
	
	
	
	-94.6
	-92.8
	-91.6
	

	
	4220
	
	
	
	-85.4
	-85.1
	-84.9
	TDD

	CA_28A-42A17,18
	28
	
	
	-98.3
	-95.3
	-93.5
	-92.3
	FDD

	
	4220
	
	
	-85.7
	-85.4
	-85.1
	-84.9
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
Reference measurement channel is 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 signal power is specified per port

NOTE 4:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply unless otherwise specified).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that [image: image1.wmf]ë
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 the carrier frequency of a high band in MHz and [image: image4.wmf]LB
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 the channel bandwidth configured in the low band.

NOTE 7:
Void.
NOTE 8:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 9:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-42A, CA_1A-3A-42A, CA_3A-19A-42A, CA_1A-3A-19A-42A and CA_3A-28A-41A-42A. FHD = 0MHz for CA_11A-28A.
NOTE 10:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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 carrier frequency in the victim (higher) band in MHz and [image: image8.wmf]LB
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 the channel bandwidth configured in the lower band.
NOTE 11:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.

NOTE 12:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 4th transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 13:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
[image: image14.wmf]/0.40.1
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 the carrier frequency of a high band in MHz and [image: image17.wmf]LB
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 the channel bandwidth configured in the low band. 

NOTE 14:
For the UE that supports CA_1A-18A-28A or CA_1A-19A-28A, no requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity should only be verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 15:
These requirements apply when there is at least one individual RE within the downlink transmission bandwidth of the victim (lower) band for which the 3rd harmonic is within the uplink transmission bandwidth or the uplink adjacent channel’s transmission bandwidth of an aggressor (higher) band.

NOTE 16: The requirements should be verified for UL EARFCN of the aggressor (higher) band (superscript HB) such that 
[image: image18.wmf]/0.30.1
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 the carrier frequency in the victim (lower) band and [image: image21.wmf]HB
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NOTE 17:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of a low band for which the 5th transmitter harmonic is within the downlink transmission bandwidth of a high band.
NOTE 18:
The requirements should be verified for UL EARFCN of a low band (superscript LB) such that 
[image: image22.wmf]/0.50.1
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 the carrier frequency of a high band in MHz and [image: image25.wmf]LB
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 the channel bandwidth configured in the low band.

NOTE 19:
No requirements apply for the case that there is at least one individual RE within the uplink transmission bandwidth of the relative higher band and when the frequency range of relative higher band’s uplink channel bandwidth or uplink 1st adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of the relative lower band’s downlink channel bandwidth. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 20:
Applicable for the operations with 2 or 4 antenna ports supported in the band with carrier aggregation configured.
NOTE 21:
No requirements apply when there is at least one individual RE on band 28 uplink outside frequencies 728 – 738 MHz. The reference sensitivity is only verified when all configured RE’s are confined within frequencies 728 – 738 MHz (the requirements specified in clause 7.3.1 of [6] apply). 

NOTE 22:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_1A-3A-21A-42A. 
NOTE 23:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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 carrier frequency in the victim (higher) band in MHz and [image: image29.wmf]LB
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 the channel bandwidth configured in the lower band.
NOTE 24:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.

NOTE 25:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the aggressor (lower) band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of a victim (higher) band and a range FHD above and below the edge of this downlink transmission bandwidth. The value FHD depends on the E-UTRA configuration: FHD = 10 MHz for CA_3A-19A-21A-42A. 
NOTE 26:
The requirements should be verified for UL EARFCN of the aggressor (lower) band (superscript LB) such that 
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 carrier frequency in the victim (higher) band in MHz and [image: image38.wmf]LB
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 the channel bandwidth configured in the lower band.
NOTE 27:
The requirements are only applicable to channel bandwidths with a carrier frequency at 
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are the channel bandwidths configured in the aggressor (lower) and victim (higher) bands in MHz, respectively.
NOTE 28:
No requirements apply when there is at least one individual RE within the uplink transmission bandwidth of Band 8 for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of Band 41. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).
NOTE 29: 
The B41 requirements are modified by -0.1dB when carrier frequency of the assigned E-UTRA channel bandwidth is within 2545-2690 MHz.


<End of the change 2>
The other REFSENS exception tables can use the same approach to improve the specification and the big CR workload.

2.3 Proposal
For the 4Rx REFSENS spec, we propose the following improvement.

Proposal 1: ΔRIB,4R is defined for 4Rx REFSENS difference with 2Rx. A table defining ΔRIB,4R is added in spec.

Proposal 2: For CA REFSENS exception tables, the reusable REFSENS for 4Rx is clarified in a note. Other tightening REFSENS with ΔRIB,4R is clarified in a general description paragraph.
Proposal 3: The above idea will be used in the 4Rx and CA big CRs from RAN4#83.
3. Conclusion
This contribution provides the idea on how to improve 4Rx REFSENS requirements specification. The following proposals are proposed for approval.
Proposal 1: ΔRIB,4R is defined for 4Rx REFSENS difference with 2Rx. A table defining ΔRIB,4R is added in spec.

Proposal 2: For CA REFSENS exception tables, the reusable REFSENS for 4Rx is clarified in a note. Other tightening REFSENS with ΔRIB,4R is clarified in a general description paragraph.

Proposal 3: The above idea will be used in the 4Rx and CA big CRs from RAN4#83.
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