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Introduction
In RAN4#92, the discussion on specifying the general requirement for switching time between 1Tx UL carrier and 2Tx UL carrier was triggered [1]. In our view that is an important feature and how to organize the discussion needs the guidance from RAN. In this contribution, we would like to discuss this issue.
Support UL 2Tx on NR CC for SUL and EN-DC
Challenges
According to the current NR specifications, UL 2Tx on NR CC would not be fully supported when UE operates in SUL or EN-DC modes.
Currently most of NR UEs support two simultaneous uplink transmitters only. Few of them can support three simultaneous uplink transmitters, which requires three independent power suppliers, results in more power consumption and higher heat radiation and thus means higher cost and complexity.
Based on the assumption that NR UE can only support two simultaneous uplink transmitters, it would be obvious that in the EN-DC non-SUO operating mode the UE cannot support 2Tx or UL-MIMO on NR carrier although it can do it in SA mode.
In the EN-DC SUO operating mode, the TDM pattern is specified and the network can follow it to alternatively schedule the LTE and NR transmissions. When switching the transmissions between LTE 1Tx and NR 2Tx uplink carriers, it is challenging for UE to support 0us switching time, because three simultaneous uplink transmitters are needed. As shown in Figure 1, during switching, UE has to power off LTE 1Tx UL RF branch and power on NR 2Tx UL RF branch or vice versa. There is a transient period where three simultaneous transmitters are needed in order to meet 0us requirement.
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Figure 1: 0us switching period where simultaneous 3Tx is needed
For SUL, UE transmits either on NR UL CC or SUL CC. Due to the similar reason as above, UE also cannot support 0us switching time between NR 1Tx SUL CC and 2Tx UL CC.
Given the limitation of two simultaneous uplink transmitters, it would be difficult for UE to support the dynamic uplink transmission switching between 1Tx and 2Tx UL carriers for both SUL and EN-DC if 0us switching time is required. 
In sum, we have the following observations according to the above analysis.
· Observation 1: Typical NR UE at current stage is at most able to support two simultaneous uplink transmitters.
· Observation 2: SUO is the realistic approach for UE to support 2Tx UL on NR carrier in EN-DC mode assuming that UE is capable of supporting two simultaneous uplink transmitters.
· Observation 3: For UE capable of supporting simultaneous 2Tx UL transmitters, it is challenging to support 0us switching period between 1Tx UL and 2Tx UL carriers when UE operates in SUL or EN-DC modes.
· Observation 4: It would be difficult for UE to support the dynamic uplink transmission switching between 1Tx and 2Tx UL carriers for both SUL and EN-DC if 0us switching time is required.
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In order to enable UL 2Tx on NR carrier for SUL and EN-DC SUO, the more pragmatic solution is to allow the non-zero switching period for the transmitter switching between 1Tx and 2Tx UL carriers as shown in Figure 2. The additional switching time where no uplink transmission is scheduled is left.
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Figure 2: non-zero switching period where only two simultaneous transmission capability is needed
The benefit of above alternative transmission scheme comes from the combination of wider bandwidth and 2Tx transmissions (corresponding to either rank-2 UL-MIMO or 26dBm high power UE) on the NR carrier. In many regions, NR carriers at 2.6GHz and 3.5GHz have up to 100MHz bandwidth.
Introduction of non-zero switching period requirements
Based on above discussion, we propose to introduce the non-zero switching period requirements for the uplink switching operation between 1Tx and 2Tx UL carriers.
Since Rel-16 completion date is March 2020, it is desirable to avoid the impacts on physical layer design. And in our view, for SUL UE just follows DCI scheduling for uplink switching operations between 1Tx SUL and 2Tx UL carriers, and for EN-DC SUO mode the TDM pattern is specified in Rel-15 and UE also follows the network scheduling. The network is expected to ensure that there are no simultaneous uplink transmissions on LTE and NR carriers such that UE can conduct uplink switching. The main work is to specify the switching time for SUL and EN-DC SUO mode in RAN4. So we think the work can be done as TEI.
According to the discussion in last RAN4 meeting, several of values for non-zero switching period were proposed. The capability needs be specified in RAN2. Given the different UE RF architectures, the values of switching time vary for different pairs of bands where the uplink transmission is switched back and forth. Thus the UE capability should be specified per pair of bands in each band combination.
· Proposal: Define the RAN4 requirements for switching time between two uplink carriers
· Specify switching time between 1Tx and 2Tx uplink carriers in SUL or EN-DC SUO operating modes assuming the UE is at most able to support simultaneous 2Tx uplink transmitters
· Specify the capability per pair of bands in each band combination
· Finalize the above work in TEI
Conclusions
In this paper, we discuss the UE capability to support 2Tx uplink transmission on NR carrier when UE operates in SUL or EN-DC modes. According to our analysis we observe that
· Observation 1: Typical NR UE at current stage is at most able to support two simultaneous uplink transmitters.
· Observation 2: SUO is the realistic approach for UE to support 2Tx UL on NR carrier in EN-DC mode assuming that UE is capable of supporting two simultaneous uplink transmitters.
· Observation 3: For UE capable of supporting simultaneous 2Tx UL transmitters, it is challenging to support 0us switching period between 1Tx UL and 2Tx UL carriers when UE operates in SUL or EN-DC modes.
· Observation 4: It would be difficult for UE to support the dynamic uplink transmission switching between 1Tx and 2Tx UL carriers for both SUL and EN-DC if 0us switching time is required.
In order to enable the support of 2Tx on NR carrier for SUL dynamic PUSCH carrier switching and EN-DC SUO, we propose
· Proposal: Define the RAN4 requirements for switching time between two uplink carriers
· Specify switching time between 1Tx and 2Tx uplink carriers in SUL or EN-DC SUO operating modes assuming the UE is at most able to support simultaneous 2Tx uplink transmitters
· Specify the capability per pair of bands in each band combination
· Finalize the above work in TEI
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