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Introduction
3GPP Rel-17supports UE Tx-switching with up to two simultaneous carriers. One of the objectives for Rel-18 is to support up to four carriers with the limitation that only up to two are used simultaneously [1]. 

WI objective 2
Study and if necessary, specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2) 
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed  



Discussion
For any band combination, a UE indicates an associated capability (i.e., switchedUL or dualUL) to specify whether the UE supports simultaneous UL operation or not. The table below shows the available transmission strategies that can be configured depending on the UE capability for each two-band combination.
	
	dualUL
	switchedUL

	Rank-2
	B1+B1 
	B1+B1 

	Rank-2
	B2+B2 
	B2+B2 

	Dual SISO
	Simultaneous 
	TDM

	SISO
	B1 
	B1

	SISO
	B2 
	B2



Adding more frequency bands, with the limitation that maximum two are configured simultaneously, we note that for the “Dual SISO” case and dualUL, it may not be possible for the UE to configure an arbitrary antenna. As an example, shown in Figure 2, a UE support simultaneous transmissions over antenna pairs [1,3] or [2,3] but would need TDM mode for UL transmission over antenna pair [1,2].
[image: ]
Figure 1, UE implementation which supports simultaneous transmissions over antenna pairs [1,2] or [2,3] but would need TDM mode over antenna pair [1,2].

Observation 1: For the “Dual SISO” case and dualUL, it may not be possible for the UE to configure an arbitrary antenna.
In such case it may be beneficial to configure the UE according to a TDM scheme (associated with switchedUL). To achieve this, the gNB needs prior knowledge about what UE antenna combinations that support simultaneous operation in each band pair.
Proposal 1: Introduce a capability signal where UE declare what antenna combinations support simultaneous operation in a band pair.
As it is the gNB that configure the UE UL carriers, the decided UE Tx-configuration can be based on either the DL (UE reports) or UL performance (SRS). For TDD bands, reciprocity may be assumed, and DL performance can be used for the decision. However, in FDD bands, reciprocity may not be assumed, e.g., based on UE antenna implementation, and UL sounding may be need. Furthermore, the number of antennas supporting a frequency band in the UE are typically higher than the number of transmit ports, which, increase the number of SRS resources needed.
Different SRS configuration strategies can be used:
1. A single SRS resource in each frequency band, where the UE antenna selection is up to implementation, likely based on the strongest DL port.
2. An SRS resource for each UE Tx-port in each frequency band, where the UE antenna selection is up to implementation, likely based on the strongest DL ports.
3. An SRS resource for each UE Rx-port in each frequency band, where the UE is expected to use the same antennas as for the DL.
4. If the UE has more antennas than configured for the DL, all antennas available at each frequency band require an SRS resource. Then the UE would need to request, or signal, the number of available antennas. 
Depending on both the UE antenna implementation and channel conditions different strategy for the UL channel sounding may be optimal. We propose that at least the upper 3 different SRS configurations shall be investigated for various channel conditions. 
Observation 2: For FDD bands, UL channel sounding may need to take the number of available UE antennas into account. 
Dynamic use of the 3 first different SRS transmit strategies above can be configured without additional signalling where the antenna switching is up to UE implementation. From a specification perspective, the UE may need to assume that the configured number of SRS implicitly configure one of the 3 first cases. 
For the fourth case, where the number of antennas available for transmit are NOT the same as the UE Rx-capability (i.e., UE Rx MIMO support) the UE would need to indicate the number of available antennas for UL transmission in each frequency band. 
Observation 3: For full UL antenna sounding, UE need to indicate the number of available antennas for UL.
Finally, based on UE implementations, not all antenna combinations may support UL 2x2 MIMO transmissions and such limitation will be needed to share with the gNB in a capability signalling. As an example, shown in Figure 2, a UE with three antennas for UL may only support antenna combinations [1,2], [1,3] and not antenna combination [2,3] for UL MIMO operation. 
[image: ]
Figure 2. Example of a UE implementation that does not support 2x2 MIMO UL transmission over antenna 2 and antenna 3.

Observation 4: Not any antenna combination may be supported for UL MIMO.
Proposal 2: UE need to indicate what antenna combinations that support UL MIMO transmissions.

[bookmark: _Hlk47386123]Conclusions
Here we list the Observations and Proposals made in this contribution 
Observation 1: For the dual SISO case and dualUL, it may not be possible for the UE to configure an arbitrary antenna.
Observation 2: For FDD bands, UL channel sounding may need to take the number of available UE antennas into account. 
Observation 3: For full UL antenna sounding, UE need to indicate the number of available antennas for UL.
Observation 4: Not any antenna combination may be supported for UL MIMO.
Proposal 1: Introduce a capability signal where UE declare what antenna combinations support simultaneous operation in a band pair.
Proposal 2: UE need to indicate what antenna combinations that support UL MIMO transmissions.
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