14

[bookmark: historyclause]3GPP RAN TSG-RAN4 Meeting 107		R4-2309482
Incheon, Korea, May 22 – May 26, 2023
Agenda item:	8.24.2.1
Source:	Apple Inc.
Title:	On UL MIMO and Tx switching capabilities
WI/SI:	NR_MC_enh-Core
Release:	Rel-18
Document for:	Discussion

1	Background and introduction 
[bookmark: OLE_LINK1]In RAN4 # 106e 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 open issues is the UL-MIMO support for UEs capable of 2TX. The following WF was adopted for that issue:

	Sub-topic 1-5: 2-layer UL-MIMO support for carrier(s) capable of 2Tx  
Way forward after round 2 discussion:
· Further discuss in the next meeting:
· Option 1: Mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx
· DCM: RAN2 agreed that UL MIMO capability is used for UE to indicate 2Tx support. It means that UE need to indicate UL MIMO capability if UE wants to indicate 2Tx capability.
· For UE capability of 2-port UL transmission, RAN2 reuse the per-FS UL-MIMO UE capability (no spec change).
· Option 2: Not mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx 


[bookmark: OLE_LINK31] In this contribution paper, we share our views on whether to mandate 2-layer UL-MIMO support for carrier(s) capable of 2Tx.
2	Discussions 
2.1	2-layer UL-MIMO support for carrier(s) capable of 2Tx
Release 18 enhances the UL Tx switching feature by allowing the two TX chains to be dynamically switched across up to 3 or 4 bands. Both 1T2T (switchedUL) and 2T2T (dualUL) switching modes are allowed for UEs capable of up to two TX simultaneous transmissions. 
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 be configured for simultaneous uplink transmissions though both antennas.
The issue is then to decide if a UE capable of dynamic Tx switching with two antennas should be mandated to support UL-MIMO capability.
•    Feature independence 
In our view, to be widely deployed, 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. Allowing several implementation options, especially at the beginning of deployment, would be beneficial to the UE manufacturers and component suppliers.  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 a prior condition 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.
Observation #1: Tx switching and UL-MIMO features are configured differently in the Release 18 specifications and should be independently implemented to allow flexibility. 
•  UL-MIMO implementation challenges and cost
There are several implementation challenges for UL MIMO:
· Additional TX chain: To achieve the UL MIMO, the UE must have an additional chain with PA, FEM, and antenna. There is a limited space in the UE for extra antenna, especially in LB (NR bands with frequencies less than 1GHz) where the wavelength is much longer. Adding all these components will create integration challenges for the UE vendors.
· Unwanted RF coupling between active paths must be minimized to prevent RX and TX RF performance degradations due to various impairments such as IMDs, harmonics, and cross-band isolation. This requires   the front-end architecture to be carefully designed with trade-offs between size, cost, and RF performance,
As pointed out above, additional components needed to implement the UL-MIMO capability will result in a bigger bill of material (BOM) and hence extra cost. This cost differential could make the implementation of this feature optional, and not mandatory.   
Observation #2: There are implementation and cost challenges for implementing UE UL-MIMO feature. This could make this feature optional, and not mandatory.  
•  Impacts on specifications
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.

	UL-MIMO NR Bands

	n1
	n28
	n46
	n79
	n99

	n2
	n30
	n48
	n80
	n102

	n3
	n34
	n66
	n84
	

	n7
	n38
	n70
	n95
	

	n8
	n39
	n71
	n96
	

	n24
	n40
	n77
	n97
	

	n25
	n41
	n78
	n98
	


                                                        Table 2.1-1: NR Operating Bands For UL-MIMO in FR1

Observation #3: 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 #4: 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 should be independently implemented to allow flexibility.
Observation #2: There are implementation and cost challenges for implementing UE UL-MIMO feature. This could make this feature optional, and not mandatory.  
Observation #3: 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 #4: 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, 3, 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.
4	References 
[1] R4-2306621: WF on Rel-18 Tx switching



Apple Inc.
Apple Inc.
