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1 Introduction
Simultaneous Rx-Tx discussion was re-triggered in last meetings by several papers like [1][2][3]. From the discussions, it was recognized that it is unclear whether a band combination is mandatory or optional to support simultaneous Tx/Rx in 38.101-3.

This paper discuss on this aspect and suggest to conclude this topic in RAN4.
2 Discussion

2.1 Rel-15 background
The simultaneous Rx-Tx capability has been discussed a lot in Rel-15, and the initial discussion was focused on the scenarios which might cause Rx issues like Harmonic, IMD, Wideband emission, Tx block Rx, etc. And also how to define the criteria of MSD the simultaneous Rx-Tx cannot be supported [5]. However, it was difficult on defining a clear criteria especially for TDD-FDD and TDD-TDD band combinations [6]. Finally, in RAN4#87 meeting, the WF [7] was agreed as the conclusion of simultaneous Rx-Tx issue. As highlighted below, the TDD-FDD EN-DC band combination will follow LTE UL CA simultaneous Rx-Tx and capability was agreed to be defined, and TDD-TDD band combinations will be discussed case by case.

	For TDD-FDD band combination:

· For LTE combinations with both UL for which this capability was supported, the same will be adopted in LTE-NR NSA combinations

· For other band combinations, the capability will be discussed on case by case basis

· Example Criteria: band combinations involving bands that are close to each other will be discussed on case-by-case basis; Example combinations: 7+38, 3+39, 7+40 

· Other criteria are not precluded

· Include this in the LS to RAN2: For TDD-FDD band combinations for which simultaneous RxTx capability is agreed to be supported, corresponding capability indication must be set to “supported”.
For TDD-TDD band combination:

· Isolation between the bands are the main criteria, need to be checked on case-by-case basis 

· Example: 39+77 of sufficient isolation

· Example: 41+77- need to be checked 


Observation 1:    It was agreed TDD-FDD EN-DC band combination will follow LTE UL CA simultaneous Rx-Tx capability.

The outcome was sent to RAN2 via LS [8]. And it was mentioned that RAN4 will define the mandatory simultaneous RxTx band combinations in RAN4 specifications.

	1. Overall Description:

RAN4 has discussed simultaneous RxTx UE capability for inter-band TDD-TDD and TDD-FDD combinations and agreed the following.
Simultaneous RxTx is a band combination specific UE capability for EN-DC and NR CA (for both TDD-TDD and TDD-FDD combinations) and it can be either mandatory or optional. RAN4 will agree on band combinations on which the capability can be made mandatory and on which the capability will be optional.

RAN4 will specify in: 

· TS 38.101-1 the band combinations for which simultaneous RxTx capability is mandatory for FR1 NR-NR CA, DC combinations, and SUL band combinations.

· TS 38.101-2 the band combinations for which simultaneous RxTx capability is mandatory for FR2 NR-NR CA and DC combinations.

· TS 38.101-3 the band combinations for which simultaneous RxTx capability is mandatory for FR1 NR- FR2 NR CA combinations and EN-DC combinations (Both FR1 LTE – FR1 NR and FR1 LTE- FR2 NR). 

For TDD-FDD and TDD-TDD band combinations for which simultaneous RxTx capability is agreed to be supported, corresponding capability indication must be set to “supported”.

Since there is no corresponding UE capability indication for SUL, RAN4 believes such a signalling needs to be created in RAN2.


Observation 2:    Mandatory simultaneous Rx-Tx band combinations are defined in RAN4 specifications.

RAN2 defined the UE capability simultaneousRxTxInterBandENDC in 38.306, which is used to indicates whether UE supports simultaneous Rx-Tx in TDD-TDD and TDD-FDD inter-band EN-DC/NE-DC, and also it further clarifies that for certain TDD-FDD and TDD-TDD band combinations it is defined as mandatory in 38.101-3.

From this capability, it can be seen that if one band combination is mandatory then it should be specified explicitly in the spec, if no explicit indication then UE report whether it supports simultaneousRxTx via this capability.
	simultaneousRxTxInterBandENDC

Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band (NG)EN-DC/NE-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-3.
	BC
	CY
	N/A
	N/A


Observation 3:    UE capability simultaneousRxTxInterBandENDC is defined to indicate whether the UE supports simultaneous Rx-Tx in TDD-TDD and TDD-FDD EN-DC/NE-DC.

2.2 Problem in specs and solutions

In current 38.101-3, for example in Table 5.5B.4.1-1(Inter-band EN-DC configurations within FR1 (two bands)), there are some notes introduced for simultaneous Rx-Tx capability. In which NOTE3 indicates this band combination only supporting non-simultaneous Tx/Rx, and NOTE7 indicates this band combination only support simultaneous Rx/Tx. However, there are many other band combinations that doesn’t mention about the simultaneous Tx/Rx capability and caused debates on the interpretation on it [4].

Table 5.5B.4.1-1: Inter-band EN-DC configurations within FR1 (two bands)

	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	Single UL allowed
	DL interruption allowed

(Note 14)

	DC_1A_n3A
DC_1C_n3A
	DC_1A_n3A
DC_1C_n3A
	DC_1_n3
	

	…

	DC_1A_n77A7
DC_1A_n77C7
	DC_1A_n77A
	DC_1_n77
	No

	DC_1A_n77(2A)
	DC_1A_n77A
	DC_1_n77
	No

	DC_2A_n5A
	DC_2A_n5A
	No
	

	…

	DC_39A_n40A3
	DC_39A_n40A
	No
	

	DC_39A_n41A3

DC_39C_n41A3
	DC_39A_n41A

DC_39C_n41A
	No
	No

	…

	NOTE 3: 
The minimum requirements apply only when there is non-simultaneous Tx/Rx operation between E-UTRA and NR carriers. This restriction applies also for these carriers when applicable EN-DC configuration is part of a higher order EN-DC configuration.

NOTE 7:
Applicable for UE supporting inter-band EN-DC with mandatory simultaneous Rx/Tx capability.
NOTE 15:
Simultaneous Rx/Tx capability does not apply for UEs supporting band 42 with a n77 implementation only. Same restrictions are applied to related higher order configurations.


Observation 4:    Current RAN4 specification defines mandatory simultaneous or non-simultaneous Rx-Tx only for certain band combinations. And no information about other band combinations.

Proposal 1:        It is proposed to align the understanding of simultaneous Rx-Tx capability and specify in RAN4 specification for the band combinations which don’t include the mandatory information.

Following the discussion history, and the agreed WF/LS/RAN2 signalling, the straight forward interpretation of the band combinations which don’t have explicit mandatory information in RAN4 NR specification should be they are optional to support simultaneous Rx-Tx.

Observation 5:    It is straight forward to consider the band combinations without explicit simultaneousRx-Tx information in RAN4 NR specification as they are optionally supported.
However, one thing should be noticed is that in WF [7] it is agreed “For LTE combinations with both UL for which this capability was supported, the same will be adopted in LTE-NR NSA combinations”. If we further look at 36.101 and 36.306 specification, it can be found that the simultaneous Rx-Tx capability is only defined for TDD+TDD band combinations, and no information about the TDD+FDD band combinations. 
	TS 36.306  simultaneousRx-Tx
This field defines whether the UE supports simultaneous reception and transmission for inter-band TDD band combination.


Observation 6:    LTE simultaneousRx-Tx capability is only defined for TDD+TDD band combinations and no information for TDD+FDD cases.

How to interpret the simultaneous Rx-Tx for LTE TDD+FDD UL CA is unclear, if the common understanding is that the TDD+FDD LTE UL CA band combinations are mandatory to support simultaneous Rx-Tx. Then according to the agreed WF these band combinations should also be mandatory for NR EN-DC. But unfortunately this information has not been implemented in RAN4 NR specifications.

Observation 7:    If simultaneous Rx-Tx is mandatory for LTE TDD+FDD UL CA then the corresponding EN-DC should also be mandatory, but this information is missing in RAN4 specs.

Proposal 2:         It is proposed to implement the agreed information “For LTE combinations with both UL for which this capability was supported, the same will be adopted in LTE-NR NSA combinations” into RAN4 spec (wording can be different).
However, at this stage the changes to Rel-15 and Rel-16 specifications should be very careful to avoid the backward compatibility issues and also the impact to the existing UEs on the market.

For Rel-15, now many UEs already in the field and some of them might only support non-simultaneous Rx-Tx while others support simultaneous Rx-Tx with capability signalling. To NW, both UE behaviours are clear. Considering big changes are not allowed for Rel-15. It is suggested to keep the current simultaneous Rx-Tx status, and generally state that it is optional for the band combinations that don’t include mandatary information.

For Rel-16, the mandatory information can be added in NR specifications for the TDD+FDD band combinations included in LTE UL CA.

Proposal 3:        For Rel-15, generally state simultaneous Rx-Tx is optional for the band combinations that don’t include mandatary information.
Proposal 4:        For Rel-16, specify the mandatory simultaneous Rx-Tx for TDD+FDD band combinations included in LTE UL CA from Rel-16.
Now in NR specifications there are much more band combinations than LTE UL CA combinations, for the band combinations that are not included in LTE UL CA, it is suggested to make it optionally support simultaneous Rx-Tx in Rel-16.
Proposal 5:        For Rel-16, specify the simultaneous Rx-Tx as optional for TDD+FDD band combinations which are not included in LTE UL CA.
Although the above discussion is focused on EN-DC, the same should also be applicable to NR CA cases.

Proposal 6:        Same logic should also be applied to NR CA.
Also it should be noticed that in last meeting, the LS [9] was sent to RAN2 regarding the mandatory report simultaneous Rx-Tx capability if UE supports simultaneous Rx-Tx for certain band combination. This is doesn’t related to the discussion here. 
3 Conclusion

Observation 1:    It was agreed TDD-FDD EN-DC band combination will follow LTE UL CA simultaneous Rx-Tx capability.

Observation 2:    Mandatory simultaneous Rx-Tx band combinations are defined in RAN4 specifications.

Observation 3:    UE capability simultaneousRxTxInterBandENDC is defined to indicate whether the UE supports simultaneous Rx-Tx in TDD-TDD and TDD-FDD EN-DC/NE-DC.

Observation 4:    Current RAN4 specification defines mandatory simultaneous or non-simultaneous Rx-Tx only for certain band combinations. And no information about other band combinations.

Proposal 1:        It is proposed to align the understanding of simultaneous Rx-Tx capability and specify in RAN4 specification for the band combinations which don’t include the mandatory information.

Observation 5:    It is straight forward to consider the band combinations without explicit simultaneousRx-Tx information in RAN4 NR specification as they are optionally supported.
Observation 6:    LTE simultaneousRx-Tx capability is only defined for TDD+TDD band combinations and no information for TDD+FDD cases.

Observation 7:    If simultaneous Rx-Tx is mandatory for LTE TDD+FDD UL CA then the corresponding EN-DC should also be mandatory, but this information is missing in RAN4 specs.

Proposal 2:         It is proposed to implement the agreed information “For LTE combinations with both UL for which this capability was supported, the same will be adopted in LTE-NR NSA combinations” into RAN4 spec (wording can be different).
Proposal 3:        For Rel-15, generally state simultaneous Rx-Tx is optional for the band combinations that don’t include mandatary information.
Proposal 4:        For Rel-16, specify the mandatory simultaneous Rx-Tx for TDD+FDD band combinations included in LTE UL CA from Rel-16.
Proposal 5:        For Rel-16, specify the simultaneous Rx-Tx as optional for TDD+FDD band combinations which are not included in LTE UL CA.
Proposal 6:        Same logic should be also applied to NR CA.
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