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1. Introduction

Thanks to all the interested companies’ efforts, we have seen quite a good progress on UE switching between UL carriers discussions in the past meetings. WF[1] was agreed in RAN4#93; WF[2] was agreed in RAN4#94-e; and WF[3] was agreed in RAN4#94bis-e. Targeting completion at RAN #88, the work objectives for UE switching between UL carriers now face the remaining issues that are highly related to CR drafting.
In this contribution, we discuss the remaining CR drafting issues, such as whether to have further power class clarifications and how to specify the case 2 configurations for actually testing the UE functionality of switching between the two UL carriers in the RAN4 spec. Alongside this discussion paper, we propose the corresponding CRs to implement the UE RF requirements in [4] and [5].

2. Discussion
2.1. Power class issue for Rel-16 UE 
Companies raised the power class issue for Rel-16 UE in the past meetings that there is a chance we may need to clarify in the spec for UE configured with UL carrier switching between case 1 and case 2 that the power class of the UE needs to be the same before or after UE being configured with the switching. Though it is correct understanding that the power class comprehension remains the same before or after the network configures UL carrier switching, we don’t think it is necessary to have it defined in the RF requirements.
The reason is that under all circumstances it is natural for the UE to comply with the RF requirements with correct behaviours related to power classes/power control. It is the case unless with special notices. Thus to clarify it in the spec seems overacting and it is hard to find a reference for such clarification as a standard requirement wording in the spec. we propose not to have it.

To note that In TS 38.306 for inter band UL CA, descriptions on powerclass says that 


Which means that the lower one between reported PCs for the band combination and its specific bands overrides any others. The below chart summarizes the power class comprehensions in Rel-16 with an example of the BC CA_n1A-n78A with and without UE switching case 2.
	2Tx UE PC
	R16/UE switching Case 2

	 
	BC or Band
	Reported PC
	Scheduled PC

	UL CA
	CA_n1A-n78A
	PC3/PC3
	PC3/PC3

	 
	n1
	PC3
	<=PC3/<=PC3*

	 
	n78
	PC2
	<=PC3/<=PC3*


*note that <=PC3 means the UE needs to comply with SAR requirements under such situations.
For later releases, the comprehension may be changed after certain high power UE requirements are introduced. Nothing is there to be clarified in Rel-16 though.

Observation 1: No need to clarify in terms of power classes for UE switching between UL carriers in the RAN4 spec.
2.2. Configuring 1-port transmission on carrier 2 
Regarding case 2 scheduling in UE switching between two UL carriers, it is consensus among working groups that the network can schedule either 1-port or 2-port SRS transmission for UE on carrier 2. For example, when the UE switches to transmit on carrier 2 the network has the liberty to choose either to schedule the UE with 2-layer PUSCH that correspond to the 2 SRS ports/2 antenna connectors (UL MIMO), or 1-layer PUSCH with 2 SRS ports (codebook [0,1][1,0][1,1]), or 1-layer PUSCH that corresponds to a single SRS port but still with two antenna connectors (‘transparent Txd’). This can also be confirmed when RAN1 agrees that in case 2, 0P + 1P is one option of network scheduling.

	 
	Number of Tx chains in WID (carrier 1 + carrier 2)
	Number of antenna ports for UL transmission (carrier 1 + carrier 2)

	Case 1
	1T+1T
	1P+0P, 1P+1P, 0P+1P

	Case 2
	0T+2T
	0P+2P, 0P+1P


Thus it is not correct to refrain network from single-port scheduling on carrier 2 nor is it correct to specify in the spec that the time mask requirements are not applied to such scheduling. We propose to use in the spec the standard RAN4 wording of antenna connector, as in the below TP. Also we would like to note that RAN5 needs RAN4 guidance on construction of testing setups so that it is RAN4 duty to have full applicability of the requirements specified, i.e. both single-port and two-port SRS configurations are allowed in the tests.
The switching time mask defined in this clause is applicable when UE indicating support of [UplinkTxSwitchingPeriod] between an uplink band pair of an inter-band UL CA configuration, and is only applicable when uplink transmission is switched between NR UL carrier 1 on which the UE is capable of using one transmit antenna connector and NR UL carrier 2 on which the UE is capable of using two transmit antenna connectors, where the two uplink carriers are in different bands with different carrier frequencies in FR1. 

Observation 2: It is network’s liberty to configure either single-port or two-port SRS and corresponding PUSCH scheduling on carrier 2 under case 2 of UE switching between UL carriers.

Further on one hand, the UE can utilize two-port SRS better than one-port SRS in terms of fast antenna traverse and better channel estimation for DL MIMO. On the other, the network needs to configure one-port SRS to achieve full power transmission of certain UE architecture which is also necessary. This means that the network also chooses to configure SRS antenna switch for the capable UEs according to their reported capabilities. For example, the network has better utilization when UE reports 2t4r and the network is able to choose to configure 2-port SRS for the UE for antenna traverse. For a UL CA UE with in total 2 Tx chains that is also capable of switching between UL carriers, the UE is able to use 2 SRS ports on carrier 2 and report ‘2t’ for SRS antenna switch. For a UE that is incapable of the UL switching, it couldn’t report ‘2t’. So it is natural that a UE shall report separately its SRS antenna switch capability to the network for the band combinations, on which it supports UL carrier switching.
3. Conclusion
In this contribution, we discuss the remaining CR drafting issues, such as whether to have further power class clarifications and whether to specify the case 2 configurations for actually testing the UE functionality of switching between the two UL carriers in the RAN4 spec. Alongside this discussion paper, we propose the corresponding CRs to implement the UE RF requirements in [4] and [5].

Observation 1: No need to clarify in terms of power classes for UE switching between UL carriers in the RAN4 spec.
Observation 2: It is network’s liberty to configure either single-port or two-port SRS and corresponding PUSCH scheduling on carrier 2 under case 2 of UE switching between UL carriers.
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