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Introduction
RANP #89e meeting approved the WI for NR FR1 RF enhancement in Rel-17 [1], capturing the objectives of UE uplink switch enhancement to 2Tx – 2Tx switching under either SUL or UL CA band combinations. Those objectives are copied as in the below box.
	· 2) Specify UE requirements to enable Tx switching between different cases across carriers based on SUL and NR inter-band uplink CA for UE supporting maximum two concurrent transmissions
· Specify UE requirements to enable Tx switching between cases
· The scenarios include
· For Tx switching based on SUL band combination, or uplink CA band combination 
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 2
	0T+2T

	Case 3
	2T+0T


· For Tx switching based on uplink CA band combination
	
	Number of Tx chains in WID (carrier 1 + carrier 2)

	Case 1
	1T+1T

	Case 2
	0T+2T

	Case 3
	2T+0T


· Specify the following RAN4 requirements for above scenarios
· Length of switching period
· Time mask RF requirements
· Uplink interruption and downlink interruption (RRM) requirements, if needed
· Minimize the impacts on RAN1
· Update RAN1 uplink switching for carrier aggregation and supplementary uplink 
· Minimize the impacts on RAN2
· Update the RRC signaling to indicate the switching period location and length
· Update the UE capabilities
Note 1:  Only addressing the case of co-located and synchronized network deployment for the two UL carriers.
Note 2:  Only addressing the case of single TAG for the two UL carriers for SUL and for UL CA.
Note 3:  The UE is configured with two different uplink carrier frequencies.



According to the WID objectives, RAN4 discussed both scenarios in last meeting, and most points are concluded in the agreed WF in [2]. The main remaining issue is on 2-layer MIMO support on 1Tx-2Tx and 2Tx-2Tx switching between band A and band B. 
This contribution firstly analyse the UE architecture, and provide proposal for 2-layer MIMO support issue based on both implementation and performance perspective. 
It is worth noting that the proposals and discussions in this paper apply both to SUL and UL CA band combinations.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In Rel-16 the mechanism and RAN4 requirements were specified for UE Tx switching between case 1 and case 2. The motivation was to select the better uplink carrier and better transmission mode in a given slot for transmission assuming that there are only two con-current Tx-s. In Rel-16 it was assumed that only one transmitter can be supported on one carrier and two transmitters can be supported on the other carrier. As recently two transmitters are enabled for more NR bands, it is possible for UE to support two Tx-s on both carriers. In this case, the Tx switching would be conducted between two carriers on which the UE is both capable of 2Tx transmissions. The uplink throughput is further improved. In the meanwhile, UL-MIMO requirements for interested SUL/TDD/FDD bands are to be further specified to enable UE 2Tx transmissions on both carriers when configured switching with SUL or UL-CA band combinations. 
In the below figure, it is illustrated that the concept of UE uplink switching between 2Tx carrier and 2Tx carrier. With the switching periods defined in the specifications, the UE is allowed to switch its uplinks between carriers and schedule 2Tx transmissions on both carriers. Either UL MIMO or UL Tx diversity benefits a lot system performance in respective scenarios.
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Figure 1: Concept of uplink switching between 2Tx carrier and 2Tx carrier
In Rel-16, we identified already that the switching period highly depends on the UE architecture. Thus it is necessary to have a clear understanding about the typical UE architecture when we consider to introduce 2Tx – 2Tx Tx switching. In the below figure, we provide an example of UE implementation with 2Tx architecture serving as a reference assumption. Note that one of the typical band combination in China is considered in the illustration.
[image: ]
Figure 2: Reference UE architecture with 2Tx for UL Tx switch between 2Tx carriers
There is also another possible architecture for certain cases that involves more parts than the above one. Chances are that high end UE may pursue shorter switching times in cost of having more planned resources. The below figure gives a glance of such kind of design and note that though more parallel RF resources are planned but there are at most 2 con-current ones operating at the same time.
[image: ]
Figure 2b: Alternative UE architecture with 3Tx for UL Tx switch between 2Tx carriers
From the WID objective, it mentioned that “Specify UE requirements to enable Tx switching between cases, where 1 carrier on band A and 2 contiguous aggregated carriers on band B, i.e. intra-band contiguous CA is considered for band B. Based on the UE architectures analyzed above, 2CCs can be supported by 1Tx chain, which is also benefit to the system performance. Thus, similar to the case of switching between two carriers, where it is mandatory to support 2-layer PUSCH transmission, 2-layer MIMO transmission shall also be mandated for the cases that two carriers on band B in 1Tx-2Tx switching scenario and the three carriers on band A+B for 2Tx-2Tx switching scenario.
Proposal 1： For 1Tx-2Tx and 2Tx-2Tx switching between band A and band B, it should be mandatory to support 2-layer PUSCH transmission in all the carriers supporting 2Tx, including the two carriers on band B in 1Tx-2Tx switching scenario and the three carriers on band A+B for 2Tx-2Tx switching scenario.
Conclusions
This contribution presents discussions on technical analysis upon the open issue left in the WF. From UE implementation and performance perspective, we have the following proposal:
Proposal 1： For 1Tx-2Tx and 2Tx-2Tx switching between band A and band B, it should be mandatory to support 2-layer PUSCH transmission in all the carriers supporting 2Tx, including the two carriers on band B in 1Tx-2Tx switching scenario and the three carriers on band A+B for 2Tx-2Tx switching scenario.
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