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1 Introduction
In the last meeting, there’re some discussions about the requirements of the UE supporting or not supporting simultaneous reception and transmission on different bands for B39+B41 [1]. And whether the ΔTIB and ΔRIB will be the same for the two kinds of UEs is FFS [2].
In this meeting it’s necessary to continue to analyze if the same requirements can be defined for the two kinds of UEs. There’s some analysis for this issue and a TP for TR 36.851 is also provided.
2 Discussion
2.1 The RF architectures can be used by B39+B41
When the TDD CA is considered, it looks like FDD single band mode very much, especially for the UE supporting simultaneous Rx/Tx on different bands. Of course there are indeed some differences, for example, there will be Tx/Rx signal in dual direction for each band and there need some synchronization operations and so on. But the structure using duplexer is still the RF architecture being considered directly, which is shown in Figure 1.
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Figure 1: Duplexer architecture may be used by B39+B41
When this structure is discussed with the filter vendors, they think the duplexer for B39+B41 is very challenge with the present state of the art technology because of the wide frequency range of B41 and ISM band protection requirement. So at present this architecture will not be analyzed, when the state of the art technology progresses, it can be a choice for this CA scenario.
Compared with duplexer architecture, the diplexer architecture with filters on the Rx/Tx chain is more feasible and will be analyzed first, this architecture is shown in Figure 2.
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Figure 2: Diplexer architecture may be used by B39+B41
Both the UE supporting and the UE not supporting simultaneous Rx/Tx on different bands can use this architecture.
2.2 Redesigned B41 Tx filter
It was found in the last meeting that the B41 Tx filter used by single band mode can protect ISM band but the B39 attenuation performance degradation is depressing, thus the B39 attenuation requirement for the B39+B41’s diplexer is increased if simultaneous Rx/Tx is needed [1].
If the filter can be redesigned, the requirements for the diplexer can be loosened then the same diplexer may be used by the two kinds of UEs. Considering the B39 attenuation requirements and other attenuation requirements nearly no change at the same time, the filter vendor simulated the filter’s performance, the B39 attenuation can reach typical 35dB with the additional ~0.1dB B41 Tx IL.
2.3 Diplexer for the two kinds of UEs
When the new designed B41 Tx filter is used, there’s opportunity to use the same diplexer for the UE supporting simultaneous Rx/Tx and the UE not supporting simultaneous Rx/Tx for B39+B41. 
Only the simultaneous Rx/Tx UE has Tx noise leakage to Rx problem, so the diplexer’s requirements may be stricter than the not simultaneous Rx/Tx UE. Some analysis is needed to confirm that a not stringent requirement can be enough to isolate Rx and Tx. The diplexer isolation performance is assumed as 15 dB, there’re some existing filters which can meet this requirement [3]. And when this requirement is talked to the filter vendors, they think that loosening this requirement will not always help to improve the IL loss, for example if the isolation is loosened to 10 dB, maybe there will be some improvement, but the maximum improvement may be ≤ 0.1 dB. And if the isolation requirement is loosened further, the insertion loss will increase due to the power leakage to the other band. So insertion loss of 15 dB is a reasonable assumption.
REFSENS degradation due to Tx noise leakage to Rx in the two bands are estimated by Table 1 and Table 2 as following, the analysis is based on the architecture shown in Figure 2. The diplexer’s insertion loss is not included in this REFSENS degradation analysis, it will be included in the ΔTIB and ΔRIB values.
Table 1: Estimated B41 REFSENS degradation for simultaneous Rx/Tx UE
	RFIC B39 Tx noise in B41 (dBm/Hz)
	-150

	PA B39 Tx noise in B41 (dBm/Hz)
	-145

	PA gain in B41 (dB)
	18

	PA output noise in B41 (dBm/Hz)
	-132

	Tx SAW attenuation in B41 (dB)
	37

	Ant switch Loss in B41 (dB)
	1.5

	Diplexer isolation assumption at B41 (dB)
	15

	Tx noise at ant port (dBm/Hz)
	-185

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	0.04 


Table 2: Estimated B39 REFSENS degradation for simultaneous Rx/Tx UE
	RFIC B41 Tx noise in B39 (dBm/Hz)
	-150

	PA B41 Tx noise in B39 (dBm/Hz)
	-135

	PA gain in B39 (dB)
	18

	PA output noise in B39 (dBm/Hz)
	-130

	Tx SAW attenuation in B39 (dB)
	35

	Ant switch loss in B39 (dB)
	1.0

	Diplexer isolation assumption at B39 (dB)
	15

	Tx noise at ant port (dBm/Hz)
	-181

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	0.10


The B39’s REFSENS degradation is larger than B41, but it’s still little enough to reach the conclusion that the same diplexer can be used by the UE supporting or not supporting simultaneous Rx/Tx on different bands for B39+B41. So it is proposed

Only one set of requirements is needed for the UE supporting or not supporting simultaneous reception and transmission on different bands for B39+B41.
3 Conclusion
According to the filter vendor’s feedback, the duplexer design for B39+B41 is challenge because of the wide frequency range of B41 and ISM band protection requirement, so the diplexer architecture is considered first for the analysis of B39+B41. When the B41 Tx filter is redesigned, the attenuation on B39 can reach 35 dB typical, which leads the little REFSENS degradation on B39. The REFSENS degradation for the UE supporting simultaneous reception and transition on different bands for B39+B41 is little enough to use the same requirements with the UE not supporting simultaneous reception and transition on different bands. So it is proposed

Only one set of requirements is needed for the UE supporting or not supporting simultaneous reception and transmission on different bands for B39+B41.
And a TP for TR 36.851 is provided by this contribution.
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6.3.2.1.4 RF architectures for B39+B41
When the TDD CA is considered, the RF structure using duplexer is the RF architecture being considered directly, which is shown in Figure 6.3.2.1.4-1.
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Figure 6.3.2.1.4-1: RF architecture using duplexer
When this structure is discussed with the filter vendors, they think the duplexer for B39+B41 is very challenge with the present state of the art technology because of the wide frequency range of B41 and ISM protection requirement. So at present this architecture will not be analyzed, when the state of the art technology progresses, it can be a choice for this CA scenario.
Compared with the RF architecture using duplexer, the RF architecture using diplexer and with filters on the Rx/Tx chain is more feasible. This architecture will be analyzed first and is shown in Figure 6.3.2.1.4-2.
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Figure 6.3.2.1.4-2: RF architecture using diplexer

Both the UE supporting simultaneous Rx/Tx and the UE not supporting simultaneous Rx/Tx on different bands can use this RF architecture.
6.3.2.1.5 The requirements for the two kinds of UEs
Only when simultaneous Rx/Tx happens, the Tx noise leakage to Rx problem exists, so the diplexer’s requirements for UE supporting simultaneous Rx/Tx is stricter than the UE not supporting simultaneous Rx/Tx. But if the diplexer requirements for the UE supporting simultaneous Rx/Tx is easy to be achieved and the same diplexer can be used by the two kinds of the UEs, the same set of ΔTIB and ΔRIB values can be defined for them. Some analysis is needed to confirm that a not stringent requirement can be enough to isolate the Rx and Tx.The diplexer isolation performance is assumed as 15 dB, there are some existing filters which can meet this requirement. And when this requirement is talked to the filter vendor, they think that loosening this requirement will not always help to improve the IL loss, for example if the isolation is loosened to 10 dB, maybe there will be some improvement, but the maximum improvement maybe is ≤ 0.1 dB. And if the isolation requirement is loosened further, the insertion loss will increase due to the power leakage to the other band. So insertion loss of 15 dB is a reasonable assumption.
REFSENS degradation due to Tx noise leakage to Rx in the two bands are estimated by Table 6.3.2.1.5-1 and Table 6.3.2.1.5-2 as following, the analysis is based on the RF architecture shown in Figure 6.3.2.1.4-2. The diplexer’s insertion loss is not included in this REFSENS degradation analysis, it will be included in the ΔTIB and ΔRIB values.

Table 6.3.2.1.5-1: Estimated B41 REFSENS degradation for simultaneous Rx/Tx UE

	RFIC B39 Tx noise in B41 (dBm/Hz)
	-150

	PA B39 Tx noise in B41 (dBm/Hz)
	-145

	PA gain in B41 (dB)
	18

	PA output noise in B41 (dBm/Hz)
	-132

	Tx SAW attenuation in B41 (dB)
	37

	Ant switch Loss in B41 (dB)
	1.5

	Diplexer isolation assumption at B41 (dB)
	15

	Tx noise at ant port (dBm/Hz)
	-185

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	0.04


Table 6.3.2.1.5-2: Estimated B39 REFSENS degradation for simultaneous Rx/Tx UE
	RFIC B41 Tx noise in B39 (dBm/Hz)
	-150

	PA B41 Tx noise in B39 (dBm/Hz)
	-135

	PA gain in B39 (dB)
	18

	PA output noise in B39 (dBm/Hz)
	-130

	Tx SAW attenuation in B39 (dB)
	35

	Ant switch loss in B39 (dB)
	1.0

	Diplexer isolation assumption at B39 (dB)
	15

	Tx noise at ant port (dBm/Hz)
	-181

	Rx noise figure assumption (dB)
	9

	Sensitivity degradation (dB)
	0.10


The B39’s REFSENS degradation is larger than B41, but it’s still little enough to reach the conclusion that the same diplexer can be used by the UE supporting or not supporting simultaneous Rx/Tx on different bands for B39+B41. According to the above analysis, the same diplexer can be used by the UE supporting or not supporting simultaneous Rx/Tx on different bands for B39+B41. Only one set of (TIB,c and (RIB,c needs to be defined.
6.3.2.1.6 ΔTIB,c and ΔRIB,c values
For inter-band carrier aggregation of band 39 and band 41 UE with two DL and only one UL, the tentative (TIB,c and (RIB,c values are given in the tables below.
Table 6.3.2.1.6-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c [dB]

	CA_39A-41A
	39
	FFS

	
	41
	FFS


Table 6.3.2.1.6-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB,c [dB]

	CA_39A-41A
	39
	FFS

	
	41
	FFS


It should be noted that the relaxations for CA_39A-41A, (TIB,c and (RIB,c are applied for each component carrier when operating either in single carrier or carrier aggregation configuration with a single uplink CC. And the (TIB,c and (RIB,c  values are applied for both the UE supporting simultaneous reception and transmission and the UE not supporting simultaneous reception and transmission on different bands.
<End of the TP>
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