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Introduction
A new WID Simultaneous Rx/Tx inter-band combinations for NR CA/DC, NR SUL and LTE/NR DC in Rel-18 was agreed in last RAN meeting [1], the objective and scope is as follows:
	1.	Identify feasibility for each requested FDD-TDD and TDD-TDD band combinations for CA, SUL, MR-DC supporting simultaneous Rx/Tx capability/operation based on technical analysis, especially for those with large MSD values. 
Note 1: Band combinations considered in this WI have to be introduced first via basket WIs (see 2.3) or completed in previous releases if necessary. 
Note 2: Whether the simultaneous Rx-Tx capability could be supported or not depends on the evaluation of MSD for the requested band combinations case by case.
2.	Align the specification treatment of simultaneous Rx/Tx capability for CA, SUL, MR-DC and NR-DC band combinations.


This contribution provides analysis on simultaneous Rx/Tx operation for CA_n39-n41.
Discussion
Existing requirements for CA_n39-n41
In 38.101-1, the requirements for CA_n39-n41 are defined as follows
Table 1 NR CA configurations and bandwidth combinations sets defined for CA_n39-n41
	NR CA configuration
	Uplink CA configuration or single uplink carrier10
	NR Band
	Channel bandwidth (MHz) (NOTE 3)
	Bandwidth combination set

	CA_n39A-n41A
	CA_n39A-n41A
	n39
	5, 10, 15, 20, 25, 30, 40
	0

	
	
	n41
	10, 15, 20, 40, 50, 60, 80, 90, 100
	

	CA_n39A-n41C
	CA_n39A-n41A
	n39
	5, 10, 15, 20, 25, 30, 40
	0

	
	
	n41
	CA_n41C_BCS0
	

	CA_n39A-n41(2A)
	CA_n39A-n41A
	n39
	5, 10, 15, 20, 25, 30, 40
	0

	
	
	n41
	CA_n41(2A)_BCS0
	




Table 2 ΔTIB,c due to CA_n39-n41
	Inter-band CA combination
	NR Band
	ΔTIB,c (dB)

	CA_n39-n41
	n39
	02

	
	n41
	02

	
	n39
	0.53

	
	n41
	0.53

	NOTE 2:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one NR band and without simultaneous Rx/Tx.
NOTE 3:	Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx.



Table 3 ΔRIB,c due to CA_n39-n41
	Inter-band CA combination
	NR Band
	ΔRIB,c (dB)

	CA_n39-n41
	n39
	0.22

	
	n41
	0.22

	
	n39
	0.23

	
	n41
	0.23

	NOTE 2:	Only applicable for UE supporting inter-band carrier aggregation with uplink in one NR band and without simultaneous Rx/Tx.
NOTE 3:	Applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx.



Table 4 Requirements for uplink CA_n39-n41
	NR CA combination
	Spurious emission

	
	Protected Band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	CA_n39-n41
	E-UTRA Band 1, 8, 26, 28, 34, 42, 44, 45, 50, 51, 74
	FDL_low
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 40
	FDL_low
	-
	FDL_high
	-40
	1
	

	
	NR Band n77, n78, n79
	FDL_low
	-
	FDL_high
	-50
	1
	2

	
	Frequency range
	1805
	-
	1855
	-40
	1
	4

	
	Frequency range
	1855
	-
	1880
	-15.5
	5
	4, 7, 8



Observation 1: From the existing specification, it is observed that requirements defined in 38.101-1 for CA_n39-n41 are only based on non-simultaneous Rx/Tx operation condition.
Reference architectures
The delta Tib and Rib requirements can be mapped to the UE reference architectures in Figure 1 and Figure 2 [2]. 


Figure 1: Architecture 1


Figure 2: Architecture 2
Though the current requirements are specified with condition of not supporting simultaneous Rx/Tx operation for CA_n39-n41, the UE reference architecture 2 itself can support such operation. The RF performance depends on the filter and diplexer rejection at frequency range of band n39 and n41. 
It is noted that the requirements and operation limitations for CA-n39-n41 are inherited from LTE, and there is no more detailed analysis for simultaneous Rx/Tx for this specific band combination for NR as what has been done for LTE CA. The reference architectures in Figure 1 and 2 were proposed for a long time, which are kind of obsolete compared to the latest UE implementation. Nowadays, duplexer/multiplexer in the RF front end module is a more popular implementation architecture for this band combination. The reference architecture 3 is given in Figure 3. 
[image: ]
Figure 3: Architecture 3
Observation 2: Multiplexer is similar to the implementation for FDD bands. Smaller delta Tib and Rib can be considered for UE supporting simultaneous Rx/Tx operation.
Proposal 1: It is proposed to consider new delta Tib and Rib values for simultaneous Rx/Tx for CA_n39-n41.
MSD analysis
Architecture 3 is used in the following MSD analysis on simultaneous Rx/Tx operation for CA_n39-n41. 
Table 1 and Table 2 are the estimated REFSENS degradation for the simultaneous Rx/Tx working condition. The duplexer isolation is based on survey of component vendors.
Table 1: Estimated n41 REFSENS degradation
	RFIC n39 Tx noise in n41 (dBm/Hz)
	-150

	PA n39 Tx noise in n41 (dBm/Hz)
	-145

	PA gain in n41 (dB)
	18

	PA output noise in n41 (dBm/Hz)
	-132

	SPDT switch loss in n41 (dB)
	0.5

	Duplexer isolation at n41 (dB)
	40

	Tx noise at ant port (dBm/Hz)
	-172.5

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	0.7



Table 2: Estimated n39 REFSENS degradation
	RFIC n41 Tx noise in n39 (dBm/Hz)
	-150

	PA n41 Tx noise in n39 (dBm/Hz)
	-135

	PA gain in n39 (dB)
	18

	PA output noise in n39 (dBm/Hz)
	-130

	SPDT switch loss in n39 (dB)
	0.4

	Duplexer isolation at n39 (dB)
	40

	Tx noise at ant port (dBm/Hz)
	-170.4

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	1.1


Observation 3: From the MSD calculation, it can be seen that sensitivity degradation is small with the latest implementation capability for CA_n39-n41 supporting simultaneous Rx/Tx operation.
Proposal 2: It is proposed to define MSD requirement for CA_n39-n41 in order to support simultaneous Rx/Tx operation. 
Conclusion
This contribution provides analysis on Simultaneous Rx/Tx for CA_n39-n41. 
Observation 1: From the existing specification, it is observed that requirements defined in 38.101-1 for CA_n39-n41 are only based on non-simultaneous Rx/Tx operation condition.
Observation 2: Multiplexer is similar to the implementation for FDD bands. Smaller delta Tib and Rib can be considered for UE supporting simultaneous Rx/Tx operation.
Observation 3: From the MSD calculation, it can be seen that sensitivity degradation is small with the latest implementation capability for CA_n39-n41.
Proposal 1: It is proposed to consider new delta Tib and Rib values for simultaneous Rx/Tx for CA_n39-n41.
[bookmark: _GoBack]Proposal 2: It is proposed to define MSD requirement for CA_n39-n41 in order to support simultaneous Rx/Tx operation. 
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