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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK31]In RAN4 # 106 meeting, several topics on Release 18 UE UL multi-carrier enhancements were discussed and the approved WF can be found in [1]. One of the issues in that WF is the 2-layer support for carrier (s) capable of two simultaneous transmissions. In this contribution paper, we provide some further discussions on whether to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.
2	Discussions 
2.1	Issue 1-4-1: 2-layer UL-MIMO support for carrier(s) capable of 2Tx
[bookmark: OLE_LINK2]For the 2-layer UL-MIMO support for carrier (s) capable of two simultaneous transmissions issue, the following WF was approved in the last meeting:
	· Further discuss on whether or not to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.


Release 18 UL Tx switching feature is defined for UEs capable of up to two TX simultaneous transmissions. With this feature, the UE can be configured for dualUL Tx switching mode which will allow the UE to concurrently switch its two transmit chains from a band pair (A, B) to a band pair (C, D) as an example.
In addition to the dynamic Tx switching feature with two concurrent transmissions as described above, Release 18 also includes the UL-MIMO feature which allows the UE equipped with two antenna ports to improve its uplink performance.
The issue is then to decide if a UE capable of dynamic Tx switching between two band pairs (2Tx2Tx switching or dualUL switching) should be mandated to also have the UL-MIMO capability.  In our view, new features like TX switching between 3/4 bands and UL-MIMO should be independently implemented to allow flexibility to the UE and component vendors. The UL-MIMO in an NR band should be separately indicated by the UE through the corresponding UE capability signalling for the supported NR band and band combination. Implementing the UL-MIMO feature for any NR band should not be requirement for the UE to implement the UL Tx switching feature. We prefer to have flexibility for feature implementation by allowing the UL TX switching feature to be decoupled from the UL-MIMO feature.
The cost of implementing the UL-MIMO feature could also be an issue. The extra RF path with PA  required to implement the UL-MIMO will add to BOM cost of the UE. There is limited volume to place additional antennas in the UE. These challenges make the implementation of the UL-MIMO feature in the UE very difficult.
 Observation #1: Tx switching and UL-MIMO features are configured differently in the Release 18 specifications and implementing UL-MIMO creates cost and design challenges for the UE.
Additionally, in the current Release 18, the UL-MIMO feature is only defined for a limited numbers of NR bands as depicted in Table 2.1.1 below. Therefore mandating 2-layer UL-MIMO for the TX switching among 3 or 4 bands will allow the dynamic Tx switching feature to be implemented on a very limited number of band pairs, because only band pairs that have UL-MIMO capable NR bands should be allowed to switch. This will limit the deployment of the feature.
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Table 2.1-1: NR Operating Bands For UL-MIMO in FR1

Observation #2: In the current Release 18 specifications, the UL-MIMO feature is only defined for a limited number of NR bands whereas there are several UL CA combinations that do not involve UL-MIMO bands. 
Furthermore, in the current Release 18 specifications, the RF requirements are defined separately for UL-MIMO and TxD and the corresponding requirements are defined in different sections. If the UE is mandated to support both 2-layer UL-MIMO and TxD, only one set of RF requirements for both features (configured TX power, TRP/TRS, reference sensitivity, spectral purity, ON/OFF time masks, etc…) needs to be defined. So, all the RF requirements for the UL-MIMO should be reconciled with the TxD feature requirements. 
Observation #3: The RF requirements in Release 18 are grouped separately for UL-MIMO and TxD and the corresponding requirements are defined in different clauses. 

Proposal: Given the observations #1, #2, and #3 as described above, we prefer not to mandate the 2-layer UL-MIMO support for carrier (s) capable of 2Tx to provide more flexibility to the UE on implementing those features. Feature independence is desirable for the UE. 

3	Conclusions
Observation #1: Tx switching and UL-MIMO features are configured differently in the Release 18 specifications and implementing UL-MIMO creates cost and design challenges for the UE.
Observation #2: In the current Release 18 specifications, the UL-MIMO feature is only defined for a limited number of NR bands whereas there are several UL CA combinations that do not involve UL-MIMO bands. 
Observation #3: The RF requirements in Release 18 are grouped separately for UL-MIMO and TxD and the corresponding requirements are defined in different clauses. 
Proposal: Given the observations #1, #2, and #3 as described above, we prefer not to mandate the 2-layer UL-MIMO support for carrier (s) capable of 2Tx to provide more flexibility to the UE on implementing those features. Feature independence is desirable for the UE.
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