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1. Introduction
In RAN #85, the proposal on UE requirements to allow switching between two uplink carriers was endorsed in [1], and the following objective was added in the revised WID of “RF requirements for NR frequency range 1” [2].
· 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.
RAN4 has discussed the UE requirements for this feature with an LS [3] was sent to RAN1 to inform the following RAN4 agreements.
	· RAN4 recommendation on the length of UL switching period for defining UE RF requirements and capability reporting:
· [0]us, 35us, 140 us, [250]us
· RAN4 will decide whether 250us will be defined based on UE implementation in RAN4 #93 meeting.
· 0us cannot be achieved with the UE implementation of 2 Tx chains in total. RAN4 will decide whether 0us will be defined from RF requirements and/or capability reporting perspective for forward compatibility in RAN4 #93 meeting.
· The same length of switching period for switching from case 1 to case 2 and from case 2 to case 1.
· RAN4 does not preclude the possibility of down-selecting to the single value (e.g., one non-zero value) due to BS complexity issue and system performance.
· RAN4 does not preclude the possibility of introducing UE capability bit to allow different UE implementation. 
· Existing RAN4 requirements will be not impact by introducing of the length of UL switching period
· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
· RAN4 agreement on the transient period
· Define transient period in addition to the switching period
· Length of transient period: 10 us for NR, 20 us for E-UTRA
· Additional time for PUSCH preparation procedure
· A potential issue was raised in RAN4 that UL switching period may impact PUSCH preparation procedure time.
· RAN4 can continue discussing on whether the PUSCH preparation time can happen in parallel with the switching time, based on the UE implementation.


 
In this contribution, we discuss the potential RAN1 impact to support switching between case 1 and case 2.
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. 
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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 ([0]us, 35us, 140 us, [250]us), as agreed in RAN4, subject to UE capability per band combination.  
RAN4 also has following agreement on the location of switching time in different use cases
· RAN4 agreement on the location of the switching period
· For EN-DC: in NR carrier
· For UL CA and SUL: semi-statically configured by RRC on one specific carrier of the two uplink carriers
In the EN-DC case, the switching time in the NR carrier 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, so that LTE transmission is not affected. For NR UL CA and SUL case, the switching time is configured at one of the two carriers. Since the NR support flexible slot and physical signal/channel structure, it is 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), no additional specification impact is forseen . 
Observation 1: Due to the flexible physical layer design in NR Rel-15, it is possible to accommodate the switching gap by using flexible transmission starting symbol, transmission duration, and PUSCH mapping type (type A/B), no additional specification impact is foreseen.
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 (for UEs support dynamic power sharing between LTE and NR), which means that UE may potentially be scheduled to transmit on LTE and NR simultaneously and causes concurrent transmission of 3Tx. Such kind of scheduling 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. 
Another discussion point is that how does network knows the exact number of antenna chains that UE uses for a particular transmission in order to schedule UE properly without causing simultaneous 3Tx transmissions. For example, UE may use a single antenna chain to transmit a PUSCH with single antenna port. Alternatively, UE may use two antenna chains to transmit a PUSCH with single antenna port by antenna virtualization to achieve Tx diversity gain or higher Tx power, which is specification transparent UE behavior. Therefore it is not possible for the network to schedule the UE UL transmission based on the actual number of Tx antenna chains that is being used on the 2Tx carrier (i.e. to decide whether another UL transmission can be scheduled on the 1Tx carrier simultaneously with the single antenna port transmission on the 2Tx carrier). The safer solution would be to avoid any simultaneous transmission between the two carrier regardless of the actual number of Tx antenna chains being used on the 2Tx carrier. 
Proposal 1:In case the TDM switching feature between 1Tx and 2Tx carrier is enabled for EN-DC or NR UL CA, UE is not expected to be scheduled with simultaneous transmission on the 1Tx carrier and the 2Tx carriers at a given time , regardless of the actual number of Tx antenna chains being used on the 2Tx carrier.
· 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 possible to accommodate the switching gap by using flexible transmission starting symbol, transmission duration, and PUSCH mapping type (type A/B), no additional specification impact is foreseen.
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· 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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