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1  Introduction 
This contribution discusses the challenges of simultaneous Rx/Tx with CA combinations featuring bands with low frequency separation between each other. 
2  Discussion
Table 1 provides a sorted list of all TDD-TDD CA combinations found in 38.101-1 Rel-16 clause 5.2A.2.1. The sorting is with respect to the minimum frequency separation of two TDD bands. It can be observed that some TDD-TDD CA combinations with a minimum frequency separation below 600MHz have exceptions regarding simultaneous Rx/Tx. This is due to the TDD band filter typically having lower out-of-band suppression compared to FDD bands. This results into higher out-of-band emissions leaking from one band to the other. In asynchronous operation where one band transmits while the other band is receiving, those emissions have the potential to considerably desense or even block the reception entirely. Due to these limitations, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n78-n79 NR carriers or n77-n79 NR carriers when CA_n77-n79 or CA_n78-79 is configured [1] [2].
Observation: Out-of-band emissions can provide challenges for implementation when inter-band CA combinations are used with bands featuring low frequency separation between each other. Due to this issue some combinations specify the minimum requirements only for non-simultaneous Rx/Tx operation.
During the discussion on non-synchronized NR networks between band n40 and n41 it became apparent that due to the small minimum frequency separation of 96MHz, the out-of-band emissions can be quite challenging for UE coexistence requirements in single band scenario. Considering CA operation between band n40 and n41 with simultaneous Rx/Tx can result into strong blocking of own Rx. The minimum frequency separation between n77 and n79 or between n78 and n79 are more than 100MHz larger compared to n40 and n41. As for those combinations it has already been found that carrier aggregation between n77 and n79 cannot be done with minimum requirements also combinations between n40 and n41 should get similar treatment. We propose to explicitly capture that CA_n40-n41 is only for non-simultaneous Rx/Tx.
Proposal 1: Due to low frequency separation between band n40 and n41, explicitly capture that CA_n40-n41 is only for non-simultaneous Rx/Tx.
According to table 1 there exist further combinations with low minimum frequency separation such as CA_n39-n40, CA_n39-n41 and CA_n34-n40 (Rel-17). The combination CA_n34-n40 was introduced in Rel-17 [3] based on TP [4]. The TP [4] features a specific note which states that it is only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx. This should be captured in the list of clause 5.2A.2.1. Additional to the changes for Rel-16  the Rel-17 CR aims to correct the oversight regarding CA_n34-n40 and update Note 9. For more details regarding the proposed modifications please observe the Rel-16 CR [5] and Rel-17 CR [6]. 
Proposal 2: Due to low minimum frequency separation between band n39, n40 and n41 the combinations CA_n39-n40 and CA_n39-n41 should only be specified for non-simultaneous Rx/Tx.



Table 1: TDD-TDD combinations 
	Combinations
	Minimum Frequency Separation (MHz)
	Comments

	CA_n40-n41
	96
	Proposed Note: Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	CA_n77-n79
	200
	Minimum requirements apply only when there is non-simultaneous Rx/Tx operation (Note 5, Note 7)

	CA_n34-n40
(Rel-17)
	275
	Proposed Note in accordance with TP [4]: Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	CA_n39-n40
	380
	Proposed Note: Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	CA_n39-n41
	576
	Proposed Note:  Only applicable for UE supporting inter-band carrier aggregation without simultaneous Rx/Tx. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.

	CA_n78-n79
	600
	Minimum requirements apply only when there is non-simultaneous Rx/Tx operation (Note 5)

	CA_n41-n78
	610
	

	CA_n38-n78
	680
	Note 1

	CA_n40-n78
	900
	

	CA_n41-n50
	979
	Note 1

	CA_n46-n48
	1450
	Note 6

	CA_n41-n79
	1710
	Note 1, Note 3

	CA_n50-n78
	1783
	

	CA_n40-n79
	2000
	Note 1, Note 4

	CA_n39-n79
	2480
	Note 1

	NOTE 1:	Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability.
NOTE 4:	Applicable for frequency range above 4800 MHz for Band n79 in this combination.
NOTE 5:	For UEs supporting band n77, the minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n78-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.
NOTE 6:	The PCell is allocated in the licensed band in this combination.
NOTE 7:	The minimum requirements apply only when there is non-simultaneous Rx/Tx operation between n77-n79 NR carriers. This restriction applies also for these carriers when applicable NR CA configuration is part of a higher order configuration.



3  Conclusions
This paper discusses the challenges of simultaneous Rx/Tx with CA combinations featuring bands with low frequency separation between each other.
Observation: Out-of-band emissions can provide challenges for implementation when inter-band CA combinations are used with bands featuring low frequency separation between each other. Due to this issue some combinations specify the minimum requirements only for non-simultaneous Rx/Tx operation.
Proposal 1: Due to low frequency separation between band n40 and n41, explicitly capture that CA_n40-n41 is only for non-simultaneous Rx/Tx.
Proposal 2: Due to low minimum frequency separation between band n39, n40 and n41 the combinations CA_n39-n40 and CA_n39-n41 should only be specified for non-simultaneous Rx/Tx.
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