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1 Background

It has been agreed that the TIB,c and RIB,c applicable for a band in a band combination with 2RX AP are also applicable for 4RX AP in case the said band supports operation of 4RX and is part of a band combination. This means that RF requirements for 4RX AP and support of CA readily apply also for CA configurations in Rel-13. However, the requirements for intra-band CA and exceptions to REFSENS requirements need modification in order to make requirements relevant for 4RX AP and CA. In this contribution we discuss these cases in turn.
We propose that the modifications necessary for completing RF requirements for 4RX and CA are specified as part of maintenance; a CR for Rel-13 with the changes discussed herein is supplied in [1]. 

2 Exceptions for TX harmonics and harmonic mixing
For exceptions to REFSENS requirements for high bands due to TX harmonic generated in a low band, the correlated interference is significant on the diversity port for the isolation values (front-end and RFIC) discussed for the minimum requirements. Improvements of the MSD can be achieved depending on the architecture and design of the additional two diversity ports if the isolation is increased. Nevertheless, for Rel-13 it is suggested to reuse for 4RX the absolute level of the desensitization applicable for 2RX in case the high band supports 4RX operation. For any other band in the combination not affected by the TX harmonic, the 4RX REFSENS should apply in case 4RX is supported. The same should apply for cases with harmonic mixing. 
One example is the configuration CA_2A-4A-12A for which desense occurs in B4 when the UL is active in B12. B2 is not affected so the corresponding 4RX requirement applies in case operation with 4 ports is supported when CA is configured. The RIB,c is the same for 2RX and 4RX operation. Another example is CA_3A-7A-8A for which the 2RX REFSENS exception would also apply for 4RX operations.
Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)

	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_2A-4A-12A5,6
	2
	
	
	-97.7 
	-94.7
	-92.9
	-91.7
	FDD

	
	
	
	
	[-100.4] 20
	[-97.4]20
	[-95.6]20
	[-94.4]20
	

	
	4
	
	
	-90
	-89.5
	-89
	-88.5
	

	
	12
	
	
	-96.5
	-93.5
	
	
	

	…
	
	
	
	
	
	
	
	

	CA_3A-7A-8A4,5,6
	3
	
	
	N/A
	N/A
	N/A
	N/A
	FDD

	
	7
	
	
	
	-87.4
	-87
	-86.7
	

	
	8
	
	
	-96.8
	-93.8
	
	
	

	…
	
	
	
	
	
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:
[…]
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 only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


3 Exceptions due to insufficient isolation
For CA configurations including Band 1 and Band 3, desensitization in Band 3 occurs when the UL is active in Band 1 due to insufficient multiplexer attenuation in Band 3 and possibly also insufficient suppression of the TX blocker in the front-end. The TX noise is correlated, the minimum power level when the separation between uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ‘small’ (60 MHz for 2RX) could therefore be maintained. The separation for which the standard requirements for 4RX would apply is arguably larger; this separation would represent the frequency separation at which the correlated TX noise can neglected (and any impact of the TX blocker) at the main and diversity ports for 2RX AP. Assuming that the assumption of the antenna port isolation between the main and diversity ports is the same for the additional diversity ports of a 4RX-capable UE and that the filter attenuation is similar, the same frequency separation is assumed for these ports and hence for 4RX AP. Moreover, the actual antenna port isolation is larger than the assumed 10 dB.
Table 7.3.1A-0bA: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions for two bands)

	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-3A4
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	-94
	-91.5
	-90
	-89
	

	CA_1A-3A5
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	3
	
	
	-97
	-94
	-92.2
	-91
	

	
	
	
	
	[-99.7]8
	[-96.7]8
	[-94.9]8
	[-93.7]8
	

	…
	
	
	
	
	
	
	
	

	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:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.
NOTE 5:
These requirements apply when the uplink is active in Band 1 and the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz. For each channel bandwidth in Band 3, the requirement applies regardless of channel bandwidth in Band 1.

NOTE 6:
These requirements apply when the uplink is active in Band 18 and the downlink channels in Band 28 are confined within the restricted frequency range specified for this CA configuration (Table 5.5A-2). For each channel bandwidth in Band 28, the requirement applies regardless of channel bandwidth in Band 18.
NOTE 7:
These requirements apply when the uplink is active in Band 19 and the downlink channels in Band 28 are allocated at the middle of the restricted frequency range specified for this CA configuration (Table 5.5A-2). For each channel bandwidth in Band 28, the requirement applies regardless of channel bandwidth in Band 19.
NOTE 8:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


Table 7.3.1A-0bB: Uplink configuration for the uplink band (exceptions for two bands)
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex mode

	CA_1A-3A1, 2
	1
	
	
	25
	25
	25
	25
	FDD

	CA_1A-3A1, 3
	1
	
	
	25
	45
	45
	45
	FDD

	…
	
	
	
	
	
	
	
	

	NOTE 1:
refers to the UL resource blocks shall be located as close as possible to the downlink channel in Band 3 but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1) in the uplink channel in Band 1.

NOTE 2:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is < 60 MHz
NOTE 3:
UL allocation when the separation between the lower edge of the uplink channel in Band 1 and the upper edge of the downlink channel in Band 3 is ≥ 60 MHz.

NOTE 4:
[…]


For cases in which the attenuation is insufficient at the TX, the interference generated by e.g. IP2 nonlinearity and reciprocal mixing generate correlated interference. Some of the contributions are ”independent” of the separation between the TX signal and the victim RX channel. It is therefore assumed that the 2RX REFSENS exception is also applicable for 4 RX, whereas the standard 4RX requirement applies otherwise. An example is shown below for CA_1-3A-5A-40A.
Table 7.3.1A-0bE: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	EUTRA CA Configuration
	EUTRA band
	Channel bandwidth
	Duplex mode
	Applicable active UL band

	
	
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	
	

	CA_1-3A-5A-40A
	1
	
	
	-100
	-97
	-95.2
	-94
	FDD
	3

	
	3
	
	
	-97 
	-94
	-92.2
	-91
	
	

	
	
	
	
	[-99.7] 11
	[-96.7] 11
	[-94.9] 11
	[-93.7] 11
	
	

	
	5
	
	
	-98
	-95
	
	
	
	

	
	40
	
	
	
	-92.9
	-91.3
	-90.2
	TDD
	

	…
	
	
	
	
	
	
	
	
	

	CA_7A-42A
	7
	
	
	-98
	-95
	-93.2
	-92
	FDD
	7

	
	
	
	
	[-100.7] 11
	[-97.7] 11
	[-95.9] 11
	[-94.7] 11
	
	

	
	42
	
	
	-95.6
	-93
	-91.5
	-90.4
	TDD
	

	
	7
	
	
	-96.2
	-93.2
	-91.5
	-90.3
	FDD
	42

	
	42
	
	
	-98.5
	-95.5
	-93.7
	-92.5
	TDD
	

	
	
	
	
	[-100.7] 11
	[-97.7] 11
	[-95.9] 11
	[-94.7] 11
	
	

	…
	
	
	
	
	
	
	
	
	

	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:
[…]
NOTE 10:
Only applicable for UE supporting inter-band carrier aggregation with uplink in one E-UTRA band and without simultaneous Rx/Tx.
NOTE 11:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


Table 7.3.1A-0bF: Uplink configuration for reference sensitivity
	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	EUTRA CA Configuration
	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	…
	
	
	
	
	
	
	
	

	CA_3A-40A 

CA_3A-40C 

CA_3A-5A-40A

CA_3A-28A-40A
CA_3A-28A-40C

CA_1A-3A-5A-40A

CA_1A-3A-8A-40A
	3
	
	
	25
	50
	501
	501
	FDD

	
	40
	
	
	25
	50
	75 
	100 
	TDD

	…
	
	
	
	
	
	
	
	

	NOTE 1: […]


4 DL-only bands

For combinations including DL-only bands, the 4RX requirements apply in any constituent band supporting operations with 4 antenna ports.
5 DL intra-band CA

For intra-band contiguous CA, the 4RX requirements apply in any band supporting operations with 4 antenna ports.

For intra-band non-contiguous CA, the desensitization of the SCC is due to TX noise that is correlated. For bands in which 4 antenna port operation is supported the ΔRIBNC could be modified by the difference between the 2RX and 4RX REFSENS requirement. The gap for which ΔRIBNC = 0 dB is arguably larger for 4RX. Similarly to the case of insufficient isolation (Section 3), this gap would represent the frequency separation at which the correlated TX noise can neglected at the main and diversity ports for 2RX AP. Assuming that the assumption of the antenna port isolation between the main and diversity ports is the same for the additional diversity ports of a 4RX-capable UE, the same gap is tentatively assumed for these ports and hence for 4RX AP. 

Table 7.3.1A-3: Intra-band non-contiguous CA with one uplink configuration for reference sensitivity

	CA configuration
	Aggregated channel bandwidth (PCC+SCC)
	Wgap / [MHz]
	UL PCC allocation
	ΔRIBNC (dB)
	Duplex mode

	CA_2A-2A
	25RB+25RB 
	30.0 < Wgap ≤ 50.0 
	121
	5.3
	FDD

	
	
	[30.0 < Wgap ≤ 50.0] 
	[121]
	[8.0]17
	

	
	
	0.0 < Wgap ≤ 30.0 
	251
	0
	

	
	25RB+50RB 
	25.0 < Wgap ≤ 45.0 
	121
	4.4
	

	
	
	[25.0 < Wgap ≤ 45.0] 
	[121]
	[7.1]17
	

	
	
	0.0 < Wgap ≤ 25.0 
	251
	0
	

	
	25RB+75RB 
	20.0 < Wgap ≤ 40.0 
	121
	4.2
	

	
	
	[20.0 < Wgap ≤ 40.0] 
	[121]
	[6.9]17
	

	
	
	0.0 < Wgap ≤ 20.0 
	251
	0
	

	
	25RB+100RB 
	15.0 < Wgap ≤ 35.0 
	121
	3.8
	

	
	
	[15.0 < Wgap ≤ 35.0] 
	[121]
	[6.5]17
	

	
	
	0.0 < Wgap ≤ 15.0 
	251
	0
	

	
	50RB+25RB 
	15.0 < Wgap ≤ 45.0 
	121
	5.9
	

	
	
	[15.0 < Wgap ≤ 45.0] 
	[121]
	[8.6]17
	

	
	
	0.0 < Wgap ≤ 15.0 
	321
	0
	

	
	50RB+50RB 
	10.0 < Wgap ≤ 40.0 
	121
	4.6
	

	
	
	[10.0 < Wgap ≤ 40.0] 
	[121]
	[7.3]17
	

	
	
	0.0 < Wgap ≤ 10.0 
	321
	0
	

	
	50RB+75RB 
	5.0 < Wgap ≤ 35.0 
	121
	4.1
	

	
	
	[5.0 < Wgap ≤ 35.0] 
	[121]
	[8.6]17
	

	
	
	0.0 < Wgap ≤ 5.0 
	321
	0
	

	
	50RB+100RB 
	0.0 < Wgap ≤ 30.0 
	121
	4.0
	

	
	
	[0.0 < Wgap ≤ 30.0] 
	[121]
	[6.7]17
	

	
	75RB+25RB 
	10.0 < Wgap ≤ 40.0 
	1212
	6.7
	

	
	
	[10.0 < Wgap ≤ 40.0] 
	[1212]
	[10.4]17
	

	
	
	0.0 < Wgap ≤ 10.0 
	361
	0
	

	
	75RB+50RB 
	5.0 < Wgap ≤ 35.0 
	1212
	5.4
	

	
	
	[5.0 < Wgap ≤ 35.0] 
	[1212]
	[8.1]17
	

	
	
	0.0 < Wgap ≤ 5.0 
	361
	0
	

	
	75RB+75RB 
	0.0 < Wgap  ≤ 30.0 
	1212
	4.6
	

	
	
	[0.0 < Wgap ≤ 30.0] 
	[1212]
	[7.1]17
	

	
	75RB+100RB 
	0.0 < Wgap ≤ 25.0 
	1212
	4.2
	

	
	
	[0.0 < Wgap ≤ 25.0] 
	[1212]
	[6.9]17
	

	
	100RB+25RB 
	0.0 < Wgap ≤ 35.0 
	1613
	7.2
	

	
	
	[0.0 < Wgap ≤ 35.0] 
	[1613]
	[9.9]17
	

	
	100RB+50RB 
	0.0 < Wgap ≤ 30.0 
	1613
	5.8
	

	
	
	[0.0 < Wgap ≤ 30.0] 
	[1613]
	[8.5]17
	

	
	100RB+75RB 
	0.0 < Wgap ≤ 25.0 
	1613
	5.0
	

	
	
	[0.0 < Wgap ≤ 25.0] 
	[1613]
	[7.7]17
	

	
	100RB+100RB 
	0.0 < Wgap ≤ 20.0 
	1613
	4.6
	

	
	
	[0.0 < Wgap ≤ 20.0] 
	[1613]
	[7.1]17
	

	…
	
	
	
	
	

	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.

NOTE 2:
Wgap is the sub-block gap between the two sub-blocks.

NOTE 3:
The carrier center frequency of PCC in the UL operating band is configured closer to the DL operating band.

NOTE 4:
4 refers to the UL resource blocks shall be located at RBstart=33.

NOTE 5:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.

NOTE 6:
All combinations of channel bandwidths defined in Table 5.6A.1-3.

NOTE 7:
All applicable sub-block gap sizes.

NOTE 8:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1. In case of uplink sub-block is TDD intra-band contiguous CA then the uplink PCC and SCC allocations are the same as NRB_agg defined in Table 7.3.1A-1.
NOTE 9:
9 refers to the UL resource blocks shall be located at RBstart=25.

NOTE 10:
10 refers to the UL resource blocks shall be located at RBstart=35.

NOTE 11:
11 refers to the UL resource blocks shall be located at RBstart=50. 

NOTE 12:
12 refers to the UL resource blocks shall be located at RBstart=39.

NOTE 13:
13 refers to the UL resource blocks shall be located at RBstart=57.

NOTE 14:
14 refers to the UL resource blocks shall be located at RBstart=44.
NOTE 15:
15 refers to the UL resource blocks shall be located at RBstart=62.

NOTE 16:
The carrier center frequency of PCC in the DL operating band is configured closer to the UL operating band.
NOTE 17:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


6 IMD for UL inter-band CA

For UL inter-band CA requirements are only specified when IMD products appear, but the exception is related to the standard REFSENS requirements. The interference is correlated and it is suggested to modify it by the difference between the 2RX and 4RX REFSENS requirement in any band supporting operations with 4 antenna ports.
Table 7.3.1A-0f: 2 UL and 2 DL interband Reference sensitivity QPSK PREFSENS and uplink/downlink configurations

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

	EUTRA CA 

Configuration
	EUTRA band
	UL Fc 
(MHz)
	UL/DL BW 
(MHz)
	UL 
CLRB
	DL Fc (MHz)
	MSD 
(dB)
	Duplex mode

	
	
	
	
	
	
	
	

	CA_1A_3A
	1
	1950
	5
	25
	2140
	23
	FDD

	
	3
	1760
	5
	25
	1855
	N/A
	

	CA_1A_8A
	1
	1965
	5
	25
	2155
	6
	FDD

	
	8
	887.5
	5
	25
	932.5
	N/A
	

	CA_2A-4A
	2
	1860
	20
	502
	1940
	5
	FDD

	
	
	
	
	
	
	[7.7]3
	

	
	4
	1752.5
	5
	25
	2152.5
	N/A
	

	…
	
	
	
	
	
	
	

	NOTE 1: Both of the transmitters shall be set min(+20 dBm, PCMAX_L,c) as defined in subclause 6.2.5A

NOTE 2: RBSTART = 0
NOTE 3:
Applicable only if operation with 4 antenna ports is supported in the band with carrier aggregation configured.


7 Conclusions

For the cases in which exception are allowed and when desensitization is specified for intra-band non-contiguous and uplink inter-band CA, we generally assume that the same minimum power level applies both for 2RX AP and 4RX AP. Moreover, the frequency separation for which the impact of correlated TX noise can be neglected is temtatively assumed to be the same for 2RX and 4RX. The changes are implemented in [1].
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