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Introduction
[bookmark: _Hlk22834419]In RAN#85 meeting, the proposal on UE requirements to allow switching between two uplink carriers was introduced  and the revised WID of “RF requirements for NR frequency range 1” is updated [1]. RAN1 will study the potential RAN1 impact but strive to minimize RAN1 impact.

	1. 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.



In RAN4#94e meeting, the following agreements on the length of UL switching period have been reached [2]. 

	1. Length of UL switching period for defining UE RF requirements and capability reporting:
1. For SUL and UL CA
0. {35us, 140 us, 210us} 
1. For EN-DC
1. {35us, 140 us}



Moreover, during RAN4 #94e meeting, RAN4 discussed the DL reception interruption. One LS from RAN4 on UE Tx switching period delay and DL interruption was sent to RAN1 as the below RAN4 perspective and recommendation [2]. 
	From RAN4 perspective, the following duplex mode combinations (carrier 1 + carrier 2) do not require DL reception interruption:
–	SUL+TDD
–	TDD+TDD CA with the same UL-DL pattern
–	TDD+TDD EN-DC with the same UL-DL pattern

For other duplex mode combinations, depending on the RAN1 feedback different capabilities could be defined for UEs with and without DL interruption. UE capability, if defined, is reported per band pair in each band combination. UE reports for each band within the pair of bands in each band combination.

If DL interruptions are allowed, the length of DL interruption will be in a range from one OFDM symbol to one slot. RAN4 would like to request RAN1 feedback on potential RAN1 specification impact if there is DL reception interruption in some scenarios.



This contribution discusses RAN1 impact on DL interruption.
Discussion 
RAN1 impact on DL interruption 
It is raised that the DL interruptions can be caused in the switching period between case 1 and case 2 when the UE is required to have simultaneous Rx and Tx. Thus, it may be expected that the downlink performance has a significant loss during switching between 1Tx and 2Tx uplink carriers if the network does not know the length and duration of DL interruption for each UE. Since the uplink switching would happen very frequently, it is desirable to avoid the frequency interruption on the downlink. For at least standalone SUL and inter-band UL CA scenarios, where the carrier 1 and carrier 2 have the same scheduler, the network can exactly know the duration and location of DL interruption since it was assumed that the switching between case 1 and case 2 is based on the scheduling at RAN#85 meeting. Here, it is assumed that the duration of the DL interruption may be less than or equal to that of the corresponding switching and the location of the DL interruption be within that of the corresponding switching. Accordingly, for standalone SUL and inter-band UL CA, DL interruption during switching period between case 1 and case 2 can be avoided by network scheduling. Therefore, RAN 1 impact on DL interruption is not expected for standalone SUL and inter-band UL CA although the DL resource during DL interruption cannot be scheduled.
For inter-band EN-DC without SUL, it is difficult to dynamically avoid the UL transmission collision as well as the DL interruption during switching period between 1 Tx on carrier 1 and 2 Tx on carrier 2 unlike to inter-band UL CA since NR scheduler and LTE scheduler are not tightly coordinated. To tackle the issue and minimize RAN1 impact, Rel-15/16 SUO TDM pattern is proposed to handle transmission collision between 1Tx transmission in LTE and 2Tx transmission in NR and support switching mechanism for EN-DC [3, R1-2001276]. For inter-band EN-DC without SUL, the basic principle is that both NR scheduler and LTE scheduler can know the duration where UE can conduct switching between case 1 and case 2, although LTE scheduler and NR scheduler cannot exactly know when UE conducts the switching between case 1 and case 2. Therefore, DL interruption during switching period between case 1 and case 2 can be avoided by network scheduling if LTE or NR scheduler does not schedule downlink channel in all possible durations where UE conducts switching between case 1 and case 2. 

Observation 1: There is no RAN1 spec impact on DL interruption since the DL interruption can be avoided by the network scheduling in any scenario. 

Loss of DL resource from DL interruption
During RAN4#94e meeting, RAN4 decided the length of UL switching period for defining UE RF requirements and capability reporting as 35us, 140us, 210us for SUL and UL CA, and 35us, 140us for EN-DC. Regarding the DL interruption associated with UL switching, it can be assumed that the duration of the DL interruption is less than or equal to that of the corresponding switching and the location of the DL interruption is within that of the corresponding switching. If the UE does not report the capability for DL interruption, the downlink channel may be scheduled to even the UEs with RF implementation not causing the DL interruption during the switching. This is because the network does not know whether any UE happens the DL interruption during the switching between case 1 and case 2. Hence, the network should not schedule the downlink channel to any UE during the switching to avoid the DL interruption. 
For comparison, we assume that there are two carriers including FDD uplink carrier with 15kHz SCS and TDD carrier with 30kHz SCS and TDD UL-DL configuration ‘DDDSUDDSUU’. Moreover, the case 1 is defined as 1Tx on FDD uplink carrier and the case 2 is defined as 2Tx on TDD carrier as showed in Figure 1. It can be assumed that the duration of the DL interruption may be less than or equal to that of the corresponding switching and the location of the DL interruption be within that of the corresponding switching. Accordingly, we consider the assumption that the length and location of the DL interruption are equal to the corresponding switching between case 1 and case 2. In case of the switching period 35us with the location of switching period being TDD carrier, the loss of downlink resource in FDD DL carrier due to DL interruption is 6%(4/70). In case of the switching period 140us, the loss of downlink resource in FDD DL carrier due to DL interruption is 11% (8/70). In case of the switching period 210us, the loss of uplink resource with 2Tx in a TDD carrier due to switching period is 17%(12/70) as showed in Figure 1.
Accordingly, the UE with RF implementation, where DL interruption is not caused during switching, has the loss of the downlink resource as 6~17% loss since the network cannot schedule any downlink during switching to avoid the DL interruption for any UE if the capability for DL interruption is not defined. However, our understanding is that the UE with separate PLLs for uplink and downlink can perform the switching between case 1 and case 2 without any DL interruption. That is, the UE without DL interruption during the switching may have the RF implementation with small switching duration as 35us. Therefore, the UE without DL interruption during the switching may only have about 6% loss of the downlink resource by network scheduling to avoid DL interruption even if there is no capability for DL interruption.
[image: ]
Figure 1. Loss of downlink resource due to DL interruption with same length of switching delay (210us).

Observation 2: In case of the location of switching period being TDD carrier, the loss of the downlink resource in FDD carrier is about 6%, 11%, 17% due to DL interruption with the switching period 35us, 140us, and 210us, respectively. 
Observation 3: The UE without DL interruption during the switching may only have no significant loss of the downlink resource by network scheduling to avoid DL interruption even if there is no capability for DL interruption.
Conclusion
This contribution discusses RAN1 impact on DL interruption during switching period between case 1 and case 2 regarding the WI objective introduced by RAN#85 to the “RF requirements for NR frequency range 1”. Following observations and proposals were made: 
Observation 1: There is no RAN1 spec impact on DL interruption since the network scheduling in any scenario can avoid the DL interruption. 
Observation 2: In case of the location of switching period being TDD carrier, the loss of the downlink resource in FDD carrier is about 6%, 11%, 17% due to DL interruption with the switching period 35us, 140us, and 210us, respectively. 
Observation 3: The UE without DL interruption during the switching may only have no significant loss of the downlink resource by network scheduling to avoid DL interruption even if there is no capability for DL interruption.
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