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1. Introduction
2 UL interband CA topic has five different work items addressing the five different interband CA classes. This contribution proposed 2 UL Interband CA Class A4 [1] way forward on UE self desensitization.

2. Discussion
2.1
Problem
Dual UL interband CA Class A4 definition is as follows “Low-low, low-high or high-high band combination with intermodulation problem (low order IM)”. In other words, when UE is operating on class A4 UL CA configuration and transmits on both carriers then intermodulation distortion (IMD) created in UE components lands on top of own received channel. This IMD will desentisize the reception. An high level example if presented in Figure 1 for low-high band combination.
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Figure 1 Lo-Hi band combination IMD creation example
2.2 How to address the the desensitization in specification

The Class A4 desensitization due to low order IMD problem is a bit similar as interband CA Class A2 harmonic desensitization. When first A2 band combination was standardized some solutions how to handle the issue in specifications was presented [2].

Next we list some possible ways forward

1. MPR-method, transmission power is reduced so much that there is no desensitization
2. MSD, transmission power is not reduced and desentization is allowed and defined
3. Unspecified behaviour and no test case

4. Combination of MPR and MSD

5. Output power reduction for no desensitization test case

And discuss these one by one.
MPR-method 

In this metod UE is allowed to reduce the maximum output power by some amount which is capture into TS 36.101. MPR value is based on studies and may be distributed evenly to both carrier or un-evenly on carriers. UE would be allowed to reduce the maximum output power also in the cases when there would not be any desensitization i.e. there is no downlink reception or the downlink reception power is such that no desensitization occurs.

MSD-method 

In this method UE is allowed to be desensitized when reception power is low and transmission power is high. MSD is actually a test case limit for maximum desentization and incase there is no similar situation in network operation as in the test case then no MSD actually happens. In otherwords if in real network operation dual uplink operation is not happening simultaneously in same subframe with downlink reception (with the DL band subject to IMD) and transmission powers are high and reception power is low no MSD happens.
Unspecified behaviour and no test case
In this method RAN4 would not specify MPR nor MSD and there would not be any test case to veriry the UE performance. Hence the UE REFSENS would be tested only with 1 UL operation. This method does not guarantee any minimum performance to UE performance but is attractive from testing pont of view.
Combination of MPR and MSD
In this method UE is allowed to use MPR to reduce the MSD but not that much that the desensitization would be avoided totally. There would be a test case where UE is allowed to be desentized and it may use the MPR upto the level specified. In real network operation UE would use MPR also when desensitization would not happen.
Output power reduction for no desensitization-test case

In this test MPR is not allowed in network operation but when UE REFSENS is tested then UE is allowed to reduce the transmission power upto specified level. This method would guarantee UE minimum performance but does not unnecessarily degrade network operation thus in a sense this this is quite similar with MSD method.

2.3 Way Forward
In our opinion MSD –method would be a good way to characterize the Class A4 UE operation. With this method the network performance is not unnecessarily degraded (as in MPR-method) but there are limits to UE minimum performance.
2.4 How to capture MSD into the specification

For interband CA Class A2 it was agreed to set the requirement and test case such way that the harmonic product bandwidth was roughly equal to received channel. The proposal for Class A4 would be to follow that principle and set the UL allocation sizes such way that the IMD bandwidth equalc the received signal bandwidth, see Figure 2 and 3.
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Figure 2 Width of the IMD

In Figure 3 we see the simulation spectrum of the IMD products for the UL signals, demonstating the position and width of IMD3-products.
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Figure 3: Simulated spectrum.

In this example 10RB+20RB allocations where chosen, generating 2*20+10 RB = 50 RB wide IMD product above and 2*10+20 RB = 40 RB wide IMD product below the UL signals.
3. Conclusion
Proposal 1: Select MSD method how the dual UL interband CA Class A4 desensitization level is specified

Proposal 2: MSD test case is such that the IMD bandwidth equal the received channel bandwith (formulat XXX)
Proposal 3: Level of MSD is FFS
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Annex A:

7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with 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 and Table 7.3.1-2. The reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.
For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions are allowed when the uplink active in the lower-frequency operating band is within a specified frequency range as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a, Table 7.3.1A-0b and Table 7.3.1A-0c.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	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_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	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 transmission bandwidth of the low band for which the 2nd harmonic is within the 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 5:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1A-0b: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

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

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth.
NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies.


Unless given by Table 7.3.1A-0c, the minimum requirements specified in Tables 7.3.1A-0a and 7.3.1A-0b shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1A-0c: Network signalling value for reference sensitivity

	E-UTRA CA Configuration
	Uplink Band
	Network Signalling value

	CA_4A-12A
	12
	NS_06 

	CA_4A-17A
	17
	NS_06


For band combinations including operating bands without uplink band (as noted in Table 5.5-1), the requirements are specified in Table 7.3.1A-0d, Table 7.3.1A-0e and Table 7.3.1A-0f.

Table 7.3.1A-0d: Reference sensitivity QPSK PREFSENS
	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-29A
	2
	
	
	-98
	-95
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_4A-29A
	4
	
	
	-100
	-97
	
	
	FDD

	
	29
	
	-98.7
	 -97
	-94 
	
	
	

	CA_23A-29A
	23
	
	
	-100
	-97
	-95.2
	-94
	FDD

	
	29
	
	-98.7
	-97
	-94
	
	
	

	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


Table 7.3.1A-0e: Uplink configuration for reference sensitivity

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

	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-29A
	2
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_4A-29A
	4
	
	
	25
	50
	
	
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	

	CA_23A-29A
	23
	
	
	25
	50
	75
	100
	FDD

	
	29
	
	N/A
	N/A
	N/A
	
	
	


Unless given by Table 7.3.1A-0f, the minimum requirements specified in Tables 7.3.1A-0d and 7.3.1A-0e shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1A-0f: Network signalling value for reference sensitivity

	EUTRA CA Configuration
	Uplink Band
	Network Signalling value

	CA_2A-29A
	2
	NS_03 

	CA_4A-29A
	4
	NS_03 

	CA_23A-29A
	23
	NS_03


For inter-band carrier aggregation with uplink assigned to two E-UTRA bands the downlink throughputs 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 and Table 7.3.1-2. The reference sensitivity is defined to be met with both downlink component carriers active and both of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions.
For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0g, exceptions are. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0g and Table 7.3.1A-0h.

Table 7.3.1A-0g: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	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
	2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	4
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	

	CA_3A-5A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	5
	TBD
	TBD
	TBD
	TBD
	
	
	

	CA_3A-26A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	26
	TBD
	TBD
	TBD
	TBD
	TBD
	
	

	CA_5A-7A
	5
	TBD
	TBD
	TBD
	TBD
	
	
	FDD

	
	7
	
	
	TBD
	TBD
	TBD
	TBD
	

	CA_7A-20A
	7
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	20
	
	
	TBD
	TBD
	TBD
	TBD
	

	CA_3A-19A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	19
	
	
	TBD
	TBD
	TBD
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 2:



Table 7.3.1A-0h: Uplink configurations for dual uplink
	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

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

	CA_2A-4A
	2
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	4
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	

	CA_3A-5A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	5
	TBD
	TBD
	TBD
	TBD
	
	
	

	CA_3A-26A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	26
	TBD
	TBD
	TBD
	TBD
	TBD
	
	

	CA_5A-7A
	5
	TBD
	TBD
	TBD
	TBD
	
	
	FDD

	
	7
	
	
	TBD
	TBD
	TBD
	TBD
	

	CA_7A-20A
	7
	
	
	TBD
	TBD
	TBD
	TBD
	FDD

	
	20
	
	
	TBD
	TBD
	TBD
	TBD
	

	CA_3A-19A
	3
	TBD
	TBD
	TBD
	TBD
	TBD
	TBD
	FDD

	
	19
	
	
	TBD
	TBD
	TBD
	
	

	NOTE 1:



For intra-band contiguous carrier aggregation the throughput of each component carrier 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 and Table 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1A-1 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be in accordance with Table 7.3.1-2 and the downlink PCC carrier center frequency shall be configured closer to uplink operating band than the downlink SCC center frequency.
Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA configuration / CC combination / NRB_agg / Duplex mode

	CA configuration
	100RB+25RB
	100RB+50RB
	75RB+75RB
	100RB+75RB
	100RB+100RB
	Duplex Mode

	
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	

	CA_1C
	
	
	N/A
	N/A
	75
	54
	N/A
	N/A
	100
	30
	FDD

	CA_3C
	50
	0
	50
	0
	50
	0
	N/A
	N/A
	50
	0
	FDD

	CA_7C
	
	
	N/A
	N/A
	75
	0
	N/A
	N/A
	75
	0
	FDD

	CA_38C
	
	
	
	
	75
	75
	
	
	100
	100
	TDD

	CA_40C
	
	
	100
	50
	75
	75
	N/A
	N/A
	100
	100
	TDD

	CA_41C
	
	
	100
	50
	75
	75
	100
	75
	100
	100
	TDD

	NOTE 1:
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2:
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2.5A.
NOTE 3: 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).

NOTE 4:
The UL resource blocks in PCC shall be located as close as possible to the downlink operating band, while the UL resource blocks in SCC shall be located as far as possible from the downlink operating band.
NOTE 5:   In case a CA configuration consists of CC channel bandwidths which are unequal in bandwidth the PCC channel bandwidth shall be the larger one for reference sensitivity test.


For intra-band non-contiguous carrier aggregation with one uplink carrier on the PCC, the throughput of each downlink component carrier 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. The reference sensitivity is defined to be met with both downlink component carriers active and one uplink carrier active. For reference sensitivity measured on the downlink PCC, the parameters in Table 7.3.1-2 apply. For reference sensitivity measured on the downlink SCC, the parameters in Table 7.3.1A-3 apply. The minimum requirement for reference sensitivity in Table 7.3.1-1 shall be increased by the amount given in DRIBNC in Table 7.3.1A-3 for the downlink SCC.
Table 7.3.1A-3: Intra-band non-contiguous CA uplink configuration for reference sensitivity

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

	CA_4A-4A
	NOTE 10
	NOTE 11
	NOTE 12
	0.0
	FDD

	CA_25A-25A
	25RB+25RB
	30.0 < Wgap ≤ 55.0
	101
	5.0
	FDD

	
	
	0.0 < Wgap ≤ 30.0
	251
	0.0
	

	
	25RB+50RB
	25.0 < Wgap ≤ 50.0
	101
	4.5
	

	
	
	0.0 < Wgap ≤ 25.0
	251
	0.0
	

	
	50RB+25RB
	15.0 < Wgap ≤ 50.0
	104
	5.5
	

	
	
	0.0 < Wgap ≤ 15.0
	321
	0.0
	

	
	50RB+50RB
	10.0 < Wgap ≤ 45.0
	104
	5.0
	

	
	
	0.0 < Wgap ≤ 10.0
	321
	0.0
	

	CA_41A-41A
	NOTE 6
	NOTE 7
	NOTE 8
	0.0
	TDD

	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.
NOTE 9:
For the TDD intra-band non-contiguous CA configurations, the minimum requirements apply only in synchronized operation between all component carriers.
NOTE 10:
All combinations of channel bandwidths defined in Table 5.6A.1-3.
NOTE 11:
All applicable sub-block gap sizes.
NOTE 12:
The PCC allocation is same as Transmission bandwidth configuration NRB as defined in Table 5.6-1.
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