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Introduction	
In the WI for NR mobility enhancements, DAPS handover is specified to achieve 0 ms interruption time during handover. It is also specified that DAPS is only supported for handover between two cells belong to different FR or both of the two cells belong to FR1. It is a pity that DAPS is not supported for handover between two cells in FR2 due to some reasons. Since FR2 is also an important deployment scenario in NR, it would be very beneficial if the DAPS handover in FR2 is supported. Since the support of DAPS handover in FR2 in the future is still open as shown in the agreement reached in RAN2#109-e below, we discuss the related issues in this contribution for further evolution of NR mobility. 
	Agreements
1. Do not enhance FR2 mobility interruption in Release 16
2. FR2 mobility interruption enhancement in Release 17 is up to RAN plenary. 



Discussion
In RAN1#96bis, RAN2 sent an LS to ask RAN1 and RAN4 about the feasibility of simultaneous transmission and reception in many different scenarios[1]. In RAN1 discussion, there was no conclusion on the feasibility of simultaneous transmission and reception in case of both source cell and target cell in FR2[2]. RAN4 made a conclusion that handover with simultaneous transmission or reception with source and target cells in FR2 is not feasible [3]. According to the reply LS from RAN1 and RAN4, simultaneous reception is feasible in the majority of FR1 deployment scenarios while simultaneous transmission may face more difficulties. Therefore, RAN2 made the agreement that the solutions to be introduced for handover interruption time reduction will only address cases where the UE is able to receive simultaneously from source and target cells[4]. When DAPS handover was specified as the final solution for interruption time reduction, they further agreed that DAPS handover for FR2 to FR2 case is not supported in Rel-16[5]. In RAN1, a conclusion was achieved that explicit support for DAPS/RUDI-HO when both source and target cells belong to FR2 will not be further discussed[6]. 
Observation 1: DAPS handover is not supported for handover from FR2 to FR2 in Rel-16.
Since simultaneous transmission to source cell and target cell is not feasible for some UEs in some scenarios, it was understood in RAN2 that these UEs can perform transmission in a TDM manner during DAPS handover in Rel-16. In other words, these UEs may transmit UL signals only to source cell on some subframes/slots and transmit UL signals to target cell on the other subframes/slots. How to coordinate UL resources between source cell and target cell is up to network implementation. RAN1 further specified a dropping rule to handle the UL resource collision between source cell and target cell for the UE. When simultaneous transmission to source cell and target cell is feasible, power sharing mechanism defined in Rel-16 NR-DC is reused[7]. 
Observation 2: For UL transmission during DAPS handover in Rel-16, power sharing mechanism is used when simultaneous transmission is feasible and a TDM-ed transmission manner is used for UEs without a capability of simultaneous transmission. 
It would be very beneficial to extend DAPS to support handover for FR2 to FR2 in the future. Because FR2 is also an important component of NR, which may be used for network deployment in many hot spot areas with a large number of UEs, such as hospital, stadium. The main difficulty to support DAPS in FR2 we face is the simultaneous transmission and reception during handover as pointed out by RAN4. In FR2, beamforming technique, especially analog beamforming is widely used to overcome severe signal attenuation. During handover, the DL beams of source cell and target cell usually come from totally different directions. Simultaneous reception (or transmission) means the UE should have the ability to receive signals from (or transmit UL signals to) more than one beam directions simultaneously on the same symbol. 
For uplink transmission during DAPS handover in FR2, the same method can be reused again. If a UE cannot support simultaneous transmission to source cell and target cell in FR2, the TDM manner can be reused for UL transmission. If a UE can support simultaneous transmission to source cell and target cell in FR2, the power sharing can be reused. It should be noted that power sharing scheme defined in Rel-16 NR-DC can also be applied in the scenario when both MCG and SCG are in FR2. Similar to FR1, the UE capability on power sharing scheme can be reported by the UE. Therefore, there is no problem on UL transmission during handover in RAN1 if DPAS is supported in FR2. 
Observation 3: The current UL transmission method during DAPS handover can be reused in DAPS handover in FR2 very well and there is no additional problem in RAN1. 
From the perspective of physical layer, the DL signals of source cell and target cell have a different QCL source (e.g. QCL type D). If a UE receives signals from source cell and target cell simultaneously, it means the UE should have the capability of receiving signals with different QCL source. In Rel-15, a UE can only receive signals with only one QCL type D priority at the same time. If there are more than one signals with different QCL type D priorities for a UE to receive, it may drop some of them. For example, if a PDCCH overlaps with another PDCCH a UE monitors in a Type1-PDCCH CSS set in at least one symbol, the UE may not monitor the PDCCH[8]. In Rel-16 eMIMO, a UE can receive DL signals with more than one QCL priorities in multi-TRP deployment since the UE needs to receive PDSCH with two MIMO layers from two TRPs, in which one MIMO layer is transmitted by one TRP, respectively. Therefore, we can assume that there are two types of UEs in the future and the UE type can be reported by UE. 
· Type1 UE; the UE with capability of receiving DL signals with different QCL type D priorities simultaneously in FR2. For example, a UE is equipped with more than one RF chains. 
· Type2 UE: the UE without such capability.
For type1 UE, it is obvious that it can meet the condition of supporting DAPS since the UE is able to receive DL signals from source and target cells simultaneously. For type2 UE, the same method for UL transmission in case of the UE without capability of simultaneous transmission can be reused, i.e. the UE may receive DL signals from source cell and target cell in a TDM manner. 
Observation 4: If a UE cannot support simultaneous reception in FR2, a TDM manner can be used, which is similar to TDM-ed UL transmission during DAPS handover in Rel-16. 
In EN-DC/NE-DC, a TDM pattern is indicated to the UE with capability of single Tx for UL transmission in LTE such that the UE can only transmit UL signals to LTE cells on the indicated UL subframes. For reception/transmission in TDM manner in NR, things become simpler since NR has a flexible scheduling timing and HARQ feedback. The TDM pattern can be transparent to the UE. In other words, TDM-ed transmission and reception can be achieved by scheduling in NR. It should be noted that RAN2 has the same understanding that there is no need to specify a TDM pattern for UL transmission for the UE in DAPS handover in Rel-16[9].
Observation 5: TDM-ed transmission and reception can be easily achieved by scheduling in NR.
In Rel-16, a dropping rule is defined only for UL transmission in case simultaneous transmission is not feasible. If necessary, a similar dropping rule can be defined for DL reception for type2 UE as that for UL transmission. In this case, the UE may only receive DL signals from one MCG in case of DL signals overlapping in time domain. Therefore, the only RAN1 specification impact is to add a dropping rule for DL reception for UE during DAPS handover. In our understanding, this can also be resolved by UE implementation, i.e. it is up to UE implementation that which cell it may receive during DAPS handover.
Observation 6: The potential RAN1 specification impact is to add a dropping rule for DL reception for UE during DAPS handover.
According to the observations above, it can be seen that there is few specification impact on supporting DAPS handover in FR2 from RAN1 perspective. We can consider extending DAPS to support handover in FR2 in the future release.
Conclusion
According to the discussions above, we have the following observations.
Observation 1: DAPS handover is not supported for handover from FR2 to FR2 in Rel-16.
Observation 2: For UL transmission during DAPS handover in Rel-16, power sharing mechanism is used when simultaneous transmission is feasible and a TDM-ed transmission manner is used for UEs without a capability of simultaneous transmission. 
Observation 3: The current UL transmission method during DAPS handover can be reused in DAPS handover in FR2 very well and there is no additional problem in RAN1. 
Observation 4: If a UE cannot support simultaneous reception in FR2, a TDM manner can be used, which is similar to TDM-ed UL transmission during DAPS handover in Rel-16. 
Observation 5: TDM-ed transmission and reception can be easily achieved by scheduling in NR.
Observation 6: The only RAN1 specification impact may be to add a dropping rule for DL reception for UE during DAPS handover.
[bookmark: OLE_LINK12]Reference
[1] 3GPP RAN1 #96bis, R1-1903863, LS on NR mobility enhancements
[2] 3GPP RAN1 #96bis, R1-1905780, Reply LS on NR mobility enhancements
[3] 3GPP RAN4 #90bis, R4-1904826, Reply LS on NR mobility enhancements
[4] 3GPP RAN2 #105bis, Chairman’s notes
[5] 3GPP RAN2 #108, Chairman’s notes
[6] 3GPP RAN1 #98bis, Chairman’s notes
[7] 3GPP RAN1 #99, Chairman’s notes
[8] 3GPP TS38.213, Physical layer procedures for control
[9] 3GPP RAN2 107bis, Chairman’s notes
3


