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1 Introduction
In the last meeting, there was some preliminary discussion about the UE RF requirements for CA_28A-40A [2]. This contribution provides the further analysis for the UE RF issues and provides the consideration on how to define the UE RF requirements. A TP for the R13 2DL/1UL CA TR is also provided.
2 Discussion

2.1 UE RF further analysis

CA_28A-40A has the low band mixing problem when B40 Tx overlaps B28 DL H3, i.e. the B28 Rx receives B28 DL signal and the signal modulated on RX LO’s 3rd harmonic at the same time. As analyzed in [3] [4], the RFIC has about 20 dB LO 3rd harmonic rejection capability, the large signal modulated on Rx LO’s 3rd harmonic will also fall in B28 Rx band and become a severe interference to the REFSENS.
There may be two important contributions to the interference input to RFIC, i.e. the B40 Tx signal through the conducted path and the coupling B40 PA signal. If the conducted path signal could be controlled with good diplexer, duplexer or even LPF, the PCB coupling will dominate the noise level. Then if 70 dB PCB coupling is assumed, the B40 Tx signal at RFIC B28 Rx port will be 27 - 70 = -43 dBm, with 20 dB RFIC H3 rejection, the input noise level will be -63 dBm, which is 40 dB higher than the original 5M CBW Rx noise -103 dBm at RFIC input if we assume 4 dB front end NF. With the very high MSD, defining the UE RF requirements may not be useful. Therefore, no MSD requirement for the Rx H3 overlapping case was proposed in [2].
Except the problem in the direct overlapping area, with the very high MSD result, the B40 Tx adjacent channel area may also have problem because the finite ACLR performance. Continuing the above analysis, if the B40 Tx adjacent channel area is considered, with another 30 dB ACLR performance, the noise level will be -93 dBm which is also 10 dB higher than the Rx noise level. Considering the second adjacent channel area, another 13 dB will decrease the interference signal to -106 dBm. If the RFIC H3 rejection could be improved with better matching or PCB ISO could be improved several dB, then the B40 Tx second adjacent channel area could reach the performance of no MSD.

Based on these analyses, we propose that the exception frequency range for the B28 DL UE RF requirements could be the B40 Tx channel and the adjacent channel when they overlap the B28 DL H3. Then no additional filter will be added to the CA_28A-40A to control the low band mixing problem. For the exception frequencies, restricting the UL to B28 or non-simultaneous B40 Tx and B28 Rx could be considered.
2.2 UE RF requirements

If the analysis in 2.1 could be accepted by the group, the Tib/Rib for CA_28A-40A could be proposed as the value in Table 2.1-1 and Table 2.1-2.

Table 2.1-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_28A-40A
	28
	0.3

	
	40
	0.3


Table 2.1-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_28A-40A
	28
	0

	
	40
	0


For the REFSENS of B28 for CA_28A-40A, the following exceptions could be captured in the specification.

Table 2.1-3: 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_28A-40A4
	28
	
	
	N/A
	N/A
	N/A
	
	FDD

	
	40
	
	
	
	N/A
	N/A
	N/A
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A in TS 36.101.
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 for the lower band when there is at least one individual RE within the uplink transmission bandwidth of the higher band, when the frequency range of higher band’s uplink channel bandwidth or the higher band’s uplink adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of 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 in TS 36.101 apply).


3 Conclusion
This contribution provides the further analysis of UE RF requirements for CA_28A-40A, and a TP for the R13 2DL CA TR is provided.
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7.2.5.1.3 UE RF analysis

CA_28A-40A has the low band mixing problem when B40 Tx overlaps B28 DL H3, i.e. the B28 Rx receives B28 DL signal and the signal modulated on RX LO’s 3rd harmonic at the same time. Because RFIC usually has only about 20 dB LO 3rd harmonic rejection capability, the large signal modulated on Rx LO’s 3rd harmonic will also fall in B28 Rx band as a severe interference to the REFSENS.

There may be two important contributions to the interference input the RFIC, i.e. the B40 Tx signal through the conducted path and the B40 PA coupling signal. If the conducted path signal could be controlled with good diplexer, duplexer or even LPF, the PCB coupling will dominate the noise level. Then if 70 dB PCB coupling is assumed, the B40 Tx signal at RFIC B28 Rx port will be 27 - 70 = -43 dBm, with 20 dB RFIC H3 rejection, the input noise level will be -63 dBm, which is 40 dB higher than the original 5M CBW Rx noise -103 dBm. With the very high MSD, defining the UE RF requirements may not be useful. Therefore, no MSD requirement for the Rx H3 overlapping is proposed.

Except the problem in the direct overlapping area, with the very high MSD result, the B40 Tx adjacent channel overlapping area may also have problem because the finite ACLR performance. Continuing the above analysis, if the B40 Tx adjacent channel area is considered, with another 30 dB rejection performance, the noise level will be -93 dBm which is 10 dB higher than the Rx noise level. Considering the second adjacent channel area, another 13 dB will decrease the interference signal to -106 dBm. If the RFIC H3 rejection could be improved with better matching or PCB ISO could be improved several dB, then the B40 Tx second adjacent channel overlapping area could reach the performance of no MSD.

Based on these analyses, it is proposed that the exception frequency range for the B28 DL UE RF requirements could be the B40 Tx channel and the adjacent channel when they fully or partially overlap the B28 DL H3. Then no additional filter will be added to the CA_28A-40A to control the low band mixing problem. For the exception frequencies, restricting the UL to B28 or non-simultaneous B40 Tx and B28 Rx could be considered.
7.2.5.1.4
∆TIB and ∆RIB values
The Tib/Rib for CA_28A-40A is proposed as the value in Table 7.2.5.1.4-1 and Table 7.2.5.1.4-2.

Table 7.2.5.1.4-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_28A-40A
	28
	0.3

	
	40
	0.3


Table 7.2.5.1.4-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c  [dB]

	CA_28A-40A
	28
	0

	
	40
	0


For the REFSENS of B28 for CA_28A-40A, the exceptions are shown in Table 7.2.5.1.4-3.

Table 7.2.5.1.4-3: 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_28A-40A4
	28
	
	
	N/A
	N/A
	N/A
	
	FDD

	
	40
	
	
	
	N/A
	N/A
	N/A
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A in TS 36.101.
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 for the lower band when there is at least one individual RE within the uplink transmission bandwidth of the higher band, when the frequency range of higher band’s uplink channel bandwidth or the higher band’s uplink adjacent channel bandwidth is fully or partially overlapped with the 3 times of the frequency range of 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 in TS 36.101 apply).
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