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1. Introduction
Rel-18 3Tx and low band 4Rx WI was approved in RAN#98e, then with revised WID in [1] and in RAN4#106 the WF [2] was approved with Tx requirement related aspects below.  In this paper, the RF requirements for 3Tx will be discussed.
	[bookmark: _Hlk131755786]Issue 3-1-1: Tx Requirement for 3Tx inter-band UL CA+UL MIMO
Agreement: Reuse the single CC requirements for corresponding sessions.
[bookmark: _Hlk127813063]Issue 3-3-1: How to specify 3Tx requirements with inter-band UL CA or ENDC+UL MIMO
· WF
· Introduce new sub-clause for inter-band CA + UL MIMO with clause suffix H for 38.101-1
· FFS on how to introduce it for inter-band EN-DC + UL MIMO in 38.101-3.
Issue 3-3-4: How to enable 3Tx operation for inter-band UL CA or EN-DC+TxD
· Proposals
· Option 1: In terms of inter-band UL CA or EN-DC with TxD (3Tx in total), it is suggested to explicitly enable 3Tx operation for certain band combination for certain power class via adding new note to Table 6.2A.1.3-1 of 38.101-1 and Table 6.2B.1.3-1 for 38.101-3, as well as adding specific description for each relevant Tx/Rx requirement (into suffix A of 38.101-1 and suffix B of 38.101-3).
· WF: Further discuss in the future meetings with text proposals.
Issue 3-4-1: whether a new UE capability for 3Tx transmission in 2 bands is needed
· WF: FFS in next meeting
Issue 3-4-2: whether 3Tx capable UE can support Tx switching feature
· Proposals
· Option 1: Tx switching feature are not applicable for 3-Tx capable UE. Same restriction applies to its higher order combinations in current release.
· WF: FFS in next meeting



2. Discussion
2.1 Tx Requirement for 3Tx inter-band UL CA
[bookmark: _Hlk131756165][bookmark: _Hlk131756181]In last RAN4 meeting, it was agreed that the single CC requirements will be reused for 3Tx inter-band UL CA. Then after meeting it was realized there might be some confusion in the wording “single CC” which actually mean the current basic single CC requirements and TxD/UL MIMO requirements when necessary.
Observation 1:   The agreement “single CC requirements will be reused for 3Tx inter-band UL CA” actually means the current basic single CC requirements and TxD/UL MIMO requirements when necessary.
2.2 3Tx capability indication
There were discussions in last meeting about how to indicate that UE support 3Tx in a band combination and the relation with Tx switching feature, and how to indicate in the spec which band combination supports the 3Tx, etc.
Currently in a band combination UE can report the MIMO capability of each CC within this CA. And if this UE cannot support concurrent 3Tx transmission then Tx switching capability like ULTxSwitchingBandPair-r16. Therefore, current UE capability signalling already can inherently indicate the 3Tx concurrent transmission capability.
Observation 2:   Current MIMO and CA capability signaling can indicate whether UE support 3Tx concurrent transmission in inter-band UL CA or only supports 3Tx with Tx switching. 
· For example, if UE reports 1Layer in one band and 2Layer in the other band, meanwhile report the ULTxSwitchingBandPair-r16 of this band pair, then it means this UE cannot do 3Tx concurrent transmission.
Proposal 1:         No new signaling is needed to indicate that UE supports 3Tx concurrent transmission in inter-band UL CA.

2.3 3Tx and Tx switching
Regarding whether 3Tx UE can support Tx switching this may need some discussion. In principle, the Tx switching is an optional feature which can be supported by any UE. Below is how UE to indicate that it can do Tx switching from a band pair:
· UL Tx switching feature:
· If UE would like to indicate a Tx switching between band A and band B, it needs to report the switching period from candidate values {35us, 140us, 210us}. Then NW would know the switching band pair and switching period length.
· If a 3Tx concurrent transmission capable UE would like to indicate UL Tx switching:
· The UE have to report the switching period from candidate values {35us, 140us, 210us}, though it can actually do 0us Tx switching. When NW received the switching period values and switching band pairs, it will know this 3Tx UE can also do Tx switching and the needed switching period length (non-zero).

It should be noticed that when the 3Tx WI was initially proposed, the 0us Tx switching period was one of the targets, but it was removed when the WI was approved. Without 0us Tx switch period option, 3Tx concurrent transmission capable UE have to choose a non-zero switching period to report. This might be non-optimal.

Observation 3:   Tx switching is an optional feature which can be supported by any UE, and if 3Tx concurrent capable UE would like to do Tx switching it has to report one of the non-zero switching periods.

Proposal 2:         UL Tx switching feature can be supported by 3Tx UE.

2.4 3Tx band combinations in the spec
[bookmark: _Hlk131759802]Regarding which band combinations can support 3Tx inter-band UL CA/DC, in general it needs to be clearly indicated in the spec. And it was agreed to introduce new sections for inter-band CA+UL MIMO, then the 3Tx band combinations can be defined in the corresponding MOP section together with the applicable power classes.

Proposal 3:         3Tx band combinations can be defined in MOP tables of clause with suffix H (inter-band CA+MIMO).

2.5 How to introduce 3Tx inter-band ENDC with UL MIMO
For 3Tx inter-band CA+UL MIMO it was agreed to introduce a new clause suffix H for it, and FFS on ENDC. Currently the clause suffix from A to F were assigned, and it can be noticed that the clause suffix in 38.101-3 is trying to be aligned with 38.101-1 in the requirement definition. And for 3Tx inter-band UL band combinations, probably we can also use the suffix H for inter-band ENDC+ UL MIMO.
[image: ]
Proposal 4:         Clause suffix H is used in 38.101-3 for 3Tx with inter-band ENDC+MIMO.

3. Conclusions
In this contribution, the Tx requirements for 3Tx inter-band UL CA and EN-DC is analysed. Based on the above analysis, we got the following observations and proposals.
Observation 1:   The agreement “single CC requirements will be reused for 3Tx inter-band UL CA” actually means the current basic single CC requirements and TxD/UL MIMO requirements when necessary.
Observation 2:   Current MIMO and CA capability signaling can indicate whether UE support 3Tx concurrent transmission in inter-band UL CA or only supports 3Tx with Tx switching. 
· For example, if UE reports 1Layer in one band and 2Layer in the other band, meanwhile report the ULTxSwitchingBandPair-r16 of this band pair, then it means this UE cannot do 3Tx concurrent transmission.
Proposal 1:         No new signaling is needed to indicate that UE supports 3Tx concurrent transmission in inter-band UL CA.

Observation 3:   Tx switching is an optional feature which can be supported by any UE, and if 3Tx concurrent capable UE would like to do Tx switching it has to report one of the non-zero switching periods.

Proposal 2:         UL Tx switching feature can be supported by 3Tx UE.

Proposal 3:         3Tx band combinations can be defined in MOP tables of clause with suffix H (inter-band CA+MIMO).

Proposal 4:         Clause suffix H is used in 38.101-3 for 3Tx with inter-band ENDC+MIMO.
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Table 4.3-1

: Definition of suffixes

Clause suffix Variant
None Single Carrier
A Carrier Aggregation (CA)
between FR1 and FR2

B Dual-Connectivity (DC) with

and without SUL including
UL sharing from UE

perspective, inter-band NR
DC between FR1 and FR2

D UL MIMO

E V2x

F Shared spectrum channel

access





