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1 Introduction

In last RAN4#86 meeting, RAN4 has reached some agreements for simultaneous RxTx. For Simultaneous reception and transmission for inter-band CA or EN-DC, the capability signalling is per band combination. Whether to mandating this feature in certain band combinations will FFS. Split the feature 2-4 into EN-DC and NR-CA. Type 3 capability signalling (per band combination) is applied for both EN-DC and NR-CA. Further discuss in RAN4 86bis whether to mandate this feature for both EN-DC and NR-CA.
In this contribution, we present our proposals on NR UE capability clarification for simultaneous RxTx.
2 Discussion
UE simultaneous RxTx capability is an important feature for operators to deploy 5G NR network, and there is no consensus on UE simultaneous RxTx capability after several meeting discussion. For LTE, the non-simultaneous RxTx has been assumed as the baseline for UE, while for NR CA and EN-DC, simultaneous RxTx capability is necessary as different UL/DL configuration and SCSs make it hard to align the UL/DL slots.
· For TDD+ TDD NR CA, if the simultaneous RxTx capability is not supported by UE, the UE with unaligned NR and LTE slots due to different UL/DL configurations and SCSs will be silent and then the network performance will deteriorate.
· For TDD+TDD EN-DC, to align the UL/DL slot between LTE and NR, the same Downlink-to-Uplink switch-point periodicity as LTE will be deployed. This implies shorter Downlink-to-Uplink switch-point periodicity for NR can’t be deployed and NR will loss its delay advantages. For example, 2.5ms periodicity NR can’t align with 5ms LTE. 
· For TDD+FDD  NR CA and EN-DC, if the simultaneous RxTx capability is not supported by UE, FDD band could only be UL(DL) when the TDD band is UL(DL) for 2UL CA and EN-DC. For 1UL CA and EN-DC with single UL transmission, FDD band can’t transmit nor receive when TDD band is UL.
However, for some band combinations, uplink transmit may produce unwanted interference to the simultaneous receive when there are no enough RX rejection ability. UE simultaneous RxTx capability depends on the following issues: 

· Harmonics interference
· Isolation between the TX and RX band
For harmonics interference, forth and higher order interference is assumed to be neglected due to the lower interference power. And the same way as the difficult band combination definitions for single UL transmission for NSA, the actual allocated channel not the band is used for the harmonics interference calculation.

For isolation between Tx and Rx band, 200MHz isolation of UL to DL is assumed to be enough for LTE with maximum 20MHz bandwidth, as CA_2A-4A with 200MHz isolation have no degeneration reference sensitivity. However for NR, larger bandwidth implies larger out-of-band leakage and worse filter characteristic. Specific interference needs to be analyzed according to the device performance.
The difficult band combinations in this contribution are defined based on the above two issues. Compared with isolation between Rx and Tx band, the harmonics interference factor is more significant. 
Proposal 1: Simultaneous RxTx capability is necessary for inter-band TDD-TDD and TDD-FDD band combinations. It is optional for UE in some “diffcult” band combinations and mandatory for UE in  “non-diffcult” band combinations.
In this contribution, the band combinations of B3, B8, B39, B41, n3, n8, n39, n41, n78, n79 are presented as examples to explain the “difficult” band combinations.
2.1 TDD+TDD NR CA

The TDD+TDD NR CA includes one LTE refarming band for coverage and one NR band for capacity. The possible deployments includes CA_n39A-n78A, CA_n39A-n79A, CA_n39A-n41A, CA_n41A-n78A, CA_n41A-n79A are analysed as below. 

Table1 TDD+TDD NR CA UE capability
	Band combination
	Harmonic Interference
	isolation of the Tx, Rx band
	Simultaneous RxTx UE capability

	CA_n39A-n78A
	n39 2nd harmonic fall into n78
	1385MHz
	mandatory1

	CA_n39A-n79A
	no
	2885MHz
	mandatory

	CA_n39A-n41A
	no
	660MH
Isolation between Tx and Rx needs to be analyzed
	[mandatory]

	CA_n41A-n78A
	harmonic mixing
2TX n78 = 3xRX B41

3TX B41 = 2xRX n78
	610MHz
	mandatory1

	CA_n41A-n79A
	n41 2nd harmonic fall into n79
	1710MHz
	mandatory1

	Note1: In some regions, there are no harmonic interference when considering the actual allocated spectrum and the simultaneous RxTx capability can be supported with acceptable MSD constrains. Therefore, in this countries and regions, simultaneous RxTx capability is mandatory for the corresponding band combinations.


2.2 FDD+TDD NR CA 
The FDD+TDD NR CA includes one LTE refarming band for coverage and one NR band for capacity. The possible deployment includes CA_n3A-n78A, CA_n3A-n79A, CA_n3A-n41A, CA_n8A-n78A, CA_n8A-n79A, CA_n8A-n41A.

Table 2 FDD+TDD NR CA UE capability
	Band combination
	Harmonic Interference
	isolation of the Tx and Rx band
	Simultaneous RxTx UE capability

	CA_n3A-n78A
	B3 2nd harmonic fall into n78
	1470MHz
	optional

	CA_n8A-n78A
	no
	2347MHz
	mandatory

	CA_n3A-n79A
	No
	2570MHz
	mandatory

	CA_n8A-n79A
	no
	3847MHz
	mandatory

	CA_n3A-n41A
	no
	745MHz
Isolation between Tx and Rx needs to be analyzed
	[mandatory]

	CA_n8A-n41A
	B8 3rd harmonic fall into n41
	1622MHz
	mandatory1

	Note1: In some regions, there are no harmonic interference when considering the actual allocated spectrum and the simultaneous RxTx capability can be supported with acceptable MSD constrains. Therefore, in this countries and regions, simultaneous RxTx capability is mandatory for the corresponding band combinations.


2.3 TDD+TDD EN-DC 
The TDD+TDD EN-DC includes one LTE band used for coverage and one NR band used for capacity. The possible deployment includes DC_39A-n78A, DC_39A-n79A, DC_39A-n41A, DC_41A-n78A, DC_41A-n79A. 

Table 3 TDD+TDD EN-DC UE capability
	Band combination
	Harmonic Interference
	isolation of the Tx and Rx band
	Simultaneous RxTx UE capability

	DC_39A-n78A
	B39 2nd harmonic fall into n78
	1385MHz
	mandatory1

	DC_39A-n79A
	no
	2885MHz
	mandatory

	DC_39A-n41A
	no
	660MHz
Isolation between Tx and Rx needs to be analyzed
	[mandatory]

	DC_41A-n78A
	harmonic mixing

2TX n78 = 3xRX B41

3TX B41 = 2xRX n78
	610MHz
	mandatory1

	DC_41A-n79A
	B41 2nd harmonic fall into n79
	1710MHz
	mandatory1

	Note1: In some regions, there are no harmonic interference when considering the actual allocated spectrum and the simultaneous RxTx capability can be supported with acceptable MSD constrains. Therefore, in this countries and regions, simultaneous RxTx capability is mandatory for the corresponding band combinations.


2.4 FDD+TDD EN-DC 
The FDD+TDD EN-DC includes one LTE band used for coverage and one NR band used for capacity. The possible deployment includes DC_3A-n78A, DC _8A-n78A, DC_3A-n79A, DC_8A-n79A, DC_3A-n41A, DC_8A-n41A.
Table 4 FDD+TDD EN-DC UE capability 
	Band combination
	Harmonic Interference
	isolation of the Tx and Rx band
	Simultaneous RxTx UE capability

	DC_3A-n78A
	B3 2nd harmonic fall into n78
	1470MHz
	optional

	DC_8A-n78A
	no
	2347MHz
	mandatory

	DC_3A-n79A
	no
	2570MHz
	mandatory

	DC_8A-n79A
	no
	3847MHz
	mandatory

	DC_3A-n41A
	no
	745MHz
Isolation between Tx and Rx needs to be analyzed
	[mandatory]

	DC_8A-n41A
	B8 3rd harmonic fall into n41
	1622MHz
	mandatory1

	Note1: In some regions, there are no harmonic interference when considering the actual allocated spectrum and the simultaneous RxTx capability can be supported with acceptable MSD constrains. Therefore, in this countries and regions, simultaneous RxTx capability is mandatory for the corresponding band combinations.


Proposal 2: UE simultaneous RxTx capability for per band combinations of B3, B8, B39, B41, n3, n8, n39, n41, n78, n79 are shown in table 5.

Table 5 UE simultaneous RxTx capability
	Band combination
	Simultaneous RxTx UE capability

	CA_n39A-n78A
	mandatory1

	CA_n39A-n79A
	mandatory

	CA_n39A-n41A
	[mandatory]

	CA_n41A-n78A
	mandatory1

	CA_n41A-n79A
	mandatory1

	CA_n3A-n78A
	optional

	CA_n8A-n78A
	mandatory

	CA_n3A-n79A
	mandatory

	CA_n8A-n79A
	mandatory

	CA_n3A-n41A
	[mandatory]

	CA_n8A-n41A
	mandatory1

	DC_39A-n78A
	mandatory1

	DC_39A-n79A
	mandatory

	DC_39A-n41A
	[mandatory]

	DC_41A-n78A
	mandatory1

	DC_41A-n79A
	mandatory1

	DC_3A-n78A
	optional

	DC_8A-n78A
	mandatory

	DC_3A-n79A
	mandatory

	DC_8A-n79A
	mandatory

	DC_3A-n41A
	[mandatory]

	DC_8A-n41A
	mandatory1

	……
	……

	Note1: In some regions, there are no harmonic interference when considering the actual allocated spectrum and the simultaneous RxTx capability can be supported with acceptable MSD constrains. Therefore, in this countries and regions, simultaneous RxTx capability is mandatory for the corresponding band combinations.


Band combinations for simultaneous RxTx from operators should be added in table 5 and companies are encouraged to calculate MSD of the simultaneous RxTx capability for per band combinations in table 5.
Proposal 3: Band combinations for simultaneous RxTx from operators should be added in table 5 and companies are encouraged to calculate MSD of the simultaneous RxTx capability for per band combinations in RAN4#87 meeting.
3 Conclusions 
Based on the above discussions, we provide the following proposals on NR UE capability clarification for simultaneous RxTx :
Proposal 1: Simultaneous RxTx capability is necessary for inter-band TDD-TDD and TDD-FDD band combinations. It is optional for UE in some “diffcult” band combinations and mandatory for UE in  “non-diffcult” band combinations.
Proposal 2: UE simultaneous RxTx capability for per band combinations of B3, B8, B39, B41, n3, n8, n39, n41, n78, n79 are shown in table 5.

Proposal 3: Band combinations for simultaneous RxTx from operators should be added in table 5 and companies are encouraged to calculate MSD of the simultaneous RxTx capability for per band combinations in RAN4#87 meeting.
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