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1. Introduction
In RAN #85, the proposal on UE requirements to allow switching between two uplink carriers was endorsed in [2], and the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [3].
· Specify UE requirements to allow switching between case 1 and case 2 as below for two uplink carriers case inter-band EN-DC without SUL, inter-band UL CA and standalone SUL for UE supporting maximum two concurrent transmission
	Case 1 
	1 Tx on carrier 1 and 1 Tx on carrier 2

	Case 2 
	0 Tx on carrier 1 and 2 Tx on carrier 2 



· UE RF requirements, e.g., time mask RF requirements and other necessary RF requirements if any
· The options agreed at RAN4 #92 in R4-1910531 can be considered as starting point
· Study if there are any impact to interruption and delay requirements, and specify the RRM requirements if needed
· RAN1 will further study by Dec 2019 if there are any RAN1 potential impacts based on RAN4 LS if any
· No new TDM pattern will be defined, i.e. scheduling-based switching is assumed. 
· Finalization of RAN4 requirements and approval of RAN4 CRs shall be based on RAN1 LS  
· Strive to minimize RAN1 impact. 
· Strive to achieve no impact to RAN1 E-UTRAN spec 
· Strive to avoid defining location of switching period impacting RAN1 spec 
· Define per band per band combination or per band combination UE capability signaling if needed
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 above objectives will not relax the existing requirements specified in Rel-15 38.101-3 for band combinations allowing single uplink transmission
Note 4: The UE is configured with two different uplink carrier frequencies.
Although the RAN1 discussion will be triggered by RAN4 LS input, we try to discuss some potential RAN1 impacts for this feature. 


2. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
As shown in the figure 1 below, this feature aims to maximally explore the UE UL MIMO capability and larger bandwidth on the mid/high band, including UL CA, EN-DC and SUL scenarios. However, the feature is restricted to maximum two concurrent Tx transmissions due to UE implementation concerns for 3 concurrent Tx, (thermal, self-interference) which means the TDM switching operation between the 1Tx carrier and the 2Tx carrier. 
[image: ]
Figure 1 TDM switching between 1Tx and 2Tx carriers
Depending on the UE RF architecture, the switching time between the 1Tx carrier and 2Tx carrier can potentially be ~0us, ~140us, etc, subject to UE capability per band combination.  RAN4 will further discuss and decide the location and length of the switching period. The potential solution for the switching time arrangement can be seen as the following figure 2~3, which are for EN-DC, SUL and NR UL CA. In general the switching period shall not impact the LTE transmission in EN-DC case. Depending on further RAN4 discussion, the switching time may be arranged to the end of UL transmission on the 1Tx carrier before carrier switching, alternatively, the switching time can be split equally to the 1Tx carrier and the 2Tx carrier across the switching point. It can be seen that the switching time in the NR carrier (UL CA case for example) can be accommodated by having a gap at the beginning of the first NR UL slot after time switching, or at the end of the last NR UL slot before time switching. Since the NR support flexible slot and physical signal/channel structure, it is expected possible to accommodate the switching gap at the end/beginning of a slot using different transmission duration and/or starting symbol, or PUSCH type (mapping type A/B), details should be checked further after RAN4 make clear decision on the arrangement of switching time period. 
[image: ]
Figure 2 Switching time mask for UE between E-UTRA 1Tx and NR 2Tx [4]
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Figure 3: Switching time mask for UE between SUL/UL 1Tx Carrier S and UL 2Tx Carrier A [5]
Observation 1: Due to the flexible physical layer design in NR Rel-15, it is expected possible to accommodate the switching gap by using flexible transmission starting symbol, transmission duration, and PUSCH mapping type (type A/B). RAN1 impact, if any, should be further checked after RAN4 decision on the switching time period arrangement. 
Regarding the TDM operation between 1Tx and 2Tx carriers, in EN-DC, due to the independent scheduling decision between LTE and NR, the TDM operation as defined in Rel-15 single UL operation can be reused to achieve the TDM switching. However, in SUO there is no restriction on the UL scheduling at the NR side, which means that UE may potentially be scheduled to transmit on LTE and NR simultaneously and causes concurrent transmission of 3Tx, which cannot be supported by the target UE capability in this WI with only capable of 2Tx concurrent transmission. Therefore such possibility should be prohibited from the specification. 
In SUL case, the Rel-15 design ensures there is no overlapping transmission between SUL and non-SUL carrier so no additional spec impact is foreseen for TDM operation. 
In UL CA case, simultaneous transmission on both UL carriers is typical in normal UL CA. However, given that UE is only capable of handling 2Tx concurrent transmission, the network scheduling which requires UE simultaneous transmission on the 1Tx and 2Tx carrier should be explicitly prohibited. 
Proposal 1: Capture in the RAN1 spec that UE is not expected to be scheduled with simultanoues transmission on the 1Tx carrier and the 2Tx carriers in EN-DC and NR UL CA case. 
· In EN-DC, the 1Tx carrier is LTE and the 2Tx carrier is NR
· In NR UL CA, the 1Tx carrier is NR low band and the 2Tx carrier is the NR mid/high band
3. Conclusion
In this contribution, we discuss the potential RAN1 impacts to support TDM switching between 1Tx and 2Tx UL carriers, and have following proposals:
Observation 1: Due to the flexible physical layer design in NR Rel-15, it is expected possible to accommodate the switching gap by using flexible transmission starting symbol, transmission duration, and PUSCH mapping type (type A/B). RAN1 impact, if any, should be further checked after RAN4 decision on the switching time period arrangement. 
[bookmark: _GoBack]Proposal 1: Capture in the RAN1 spec that UE capable of up to two concurrent transmission is not expected to be scheduled with simultaneous transmission on the 1Tx carrier and the 2Tx carriers in EN-DC and NR UL CA case. 
· In EN-DC, the 1Tx carrier is LTE and the 2Tx carrier is NR
· In NR UL CA, the 1Tx carrier is NR low band and the 2Tx carrier is the NR mid/high band
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