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1	Introduction
In the last RAN4 #92 meeting, RRM requirement for handover with simultaneous Rx/Tx with both source and target cells are widely discussed, with some agreements reached in [1]. For information here we duplicate the related agreements:
	Feasibility of handover with simultaneous Rx/Tx with source and target cells
Interband HO with simultaneous Rx/Tx with source and target cells supports different SCS to be configured for source and target cell.
FFS on whether or not interfrequency intraband HO with simultaneous Rx/Tx with source and target cells supports different SCS to be configured for source and target cell
FFS on whether or not intrafrequency HO with simultaneous Rx/Tx with source and target cells supports different SCS to be configured for source and target cell
Handover delay of handover with simultaneous Rx/Tx with source and target cells
The legacy handover delay definition may not be suitable for simultaneous connectivity handover.
The starting point of handover delay is defined as the time when UE receives RRC indicating handover. The ending point of handover delay is FFS.
RAN4 needs to discuss if delay and interruption requirement is needed for source cell release.


In this contribution, further discussion is provided to address the open issues.
2	Discussion
2.1 Feasibility of handover with simultaneous Rx/Tx with source and target cells
The open issue on this topic is the feasibility of such handover for intra-band with different SCS case, i.e. both target and source cells are in the same band but with different SCS. In our understanding, support of different SCS is more related to UE BB capability. Since we already confirmed the feasibility for inter-band handover (e.g. for UE that supports inter-band CA or NR-DC with different SCS), we believe intra-band handover with different SCS can also be supported from UE BB capability perspective. Although companies may have concerns on if it is a practical use case to deploy intra-band gNB with different, actually it should not have impact on the feasibility. A possible way forward is to confirm the feasibility in RAN4 and then let RAN2 decide if it is worthwhile to define additional UE capability. Thus we propose:
[bookmark: _Ref20573813]Proposal 1: from RAN4 perspective, intra-band HO with simultaneous Rx/Tx with source and target cells can support different SCS in source and target cell.
[bookmark: _Ref20573817]Proposal 2: inform RAN2 with above agreement. Final decision of feasibility can be made in RAN2.

2.2 handover delay and interruption
· handover delay
In legacy handover the delay requirement in RAN4 is defined from handover command to PRACH transmission. Note that the ending point at PRACH preamble transmission is not the end of the whole handover procedure as specified in stage 2 specification. If we only focus on RAN side, the handover completes at the time when UE sends RRCReconfigurationComplete message to target gNB. So, there is gap between RAN4 requirement and stage 2 specification regarding the ending point of handover delay. We think it is rational to have such design in RAN4, since 1) the delay for messages after PRACH preamble may depend on network scheduling; 2) we have specific RRM requirement for the whole PRACH procedure to verify UE behaviour, outpower and etc.
[bookmark: _Ref20573836]Observation 1: in RAN4 requirement, the ending point of handover delay can be different from handover completion in stage 2 specification.
Back to handover with simultaneous Rx/Tx, we have the following observation in the last RAN4 #92:
	The legacy handover delay definition may not be suitable for simultaneous connectivity handover.


The background of this agreement was that people observed there are quite a lot of different procedures in simultaneous connectivity handover, e.g. after random access to target cell, UE still needs to work with both source and target cells for a certain time period. After that target cell will indicate UE to release the source cell. In our understanding it is rational to assume handover can be considered complete from RAN side after the source cell is released (of course it is up to RAN2 to decide and this will be captured in stage 2 specification). 
Since we don’t have to define the ending point of handover delay exactly the same as that in stage 2 specification according to observation 1, we need to identify on which part new RRM requirement is needed.


Figure 1 dual connectivity handover procedure at RAN
A rough procedure of dual connectivity handover procedure is illustrated in Figure 1 (according to our understanding of RAN2 agreements). Roughly there are six steps:
1) source gNB triggers handover by sending handover command to the UE.
2) UE starts searching target cell (if it is unknown). After successful cell search (or for a known cell), UE perform random access to the target cell.
3) UE can start receiving PDCCH/PDSCH and transmitting PUCCH/PUSCH to the target cell (if any), while keep PDCCH/PDSCH/PUCCH/PUSCH with the source cell.
4) Source cell release. 
5) After source cell is released, UE will work as “standalone” in the target cell.
For the first two steps, we can define RRM requirement similarly with existing handover delay. As for steps 3) we don’t think any delay requirement is needed, since it is up to network when to starts scheduling and usually we don’t define requirement for this case. Regarding step 4) and 5), so far it is still unclear how to trigger source cell release. It is not yet decided in RAN2 whether this is triggered by RRC from target cell or the source cell can be released automatically by the UE. If it is done via RRC, then the procedure will be very similar with NR PSCell release. Related NR PSCell release requirement is specified in TS38.133 section 8.9.3:
	Upon receiving PSCell release in subframe n, the UE shall accomplish the release actions specified in TS 38.331 [2] no later than in subframe n+ TRRC_delay:
Where
	TRRC_delay is the RRC procedure delay as specified in TS 38.331 [2].


However, if the source cell is released automatically by the UE, then further input from RAN2 is needed on criterion to release the source cell. From RAN4 point of view, we may need to look into the detail and decide when the interruption is allowed (when releasing source cell UE may switch off one of its RF chains and some glitch should be allowed).
Back to definition of handover delay, we may consider the following two options:
Opt 1: from HO command to PRACH preamble transmission (same as legacy)
Opt 2: from HO command to source cell release complete
Option 1 can make the handover delay looks shorter compared to option 2. However, this would not change the interruption during the handover procedure. Additionally, we may need to define some requirement (e.g. for steps 4 and 5) outside the handover delay, which sounds a little weird.
If we go with option 2, the handover delay may looks pretty long compared to legacy handover delay, since it will include uncertainty in steps 3 and 4. Nevertheless, we can include all the potential requirement during this total delay. In summary, from technical point we don’t see too much different between these two options. But we slightly prefer option 2 since it will make our specification structure looks better.
[bookmark: _Ref20573823]Proposal 3: consider the following two options for handover delay definition:
1) from HO command to PRACH preamble transmission (same as legacy)
2) from HO command to source cell release complete

· Interruption
One of the targets to introduce such handover with simultaneous Rx/Tx is to reduce interruption time according to the WID. In typical scenario this can be achieved by using additional hardware resource to handle business (including cell search, PRACH, data transmission and so on) with target cell while keeping transmission/reception with source serving cell. As we all know, usually in RAN4 we define requirement based on the worst case. Specifically, we need to consider various UE implementations. When turn on these additional hardware resource, this may be some glitch for some UE implementation, e.g. when turning on/off a spare RF chain some interruption is allowed. This typically applies for inter-frequency case. As for intra-frequency handover without any change in Tx/Rx BW, we had agreement in the last RAN4 #92 captured in the LS [2] to RAN2:
	RAN4 also discussed requirements for interruptions with simultaneous RX/TX. RAN4 has not agreed numerical values for interruptions. Based on the CA framework, RAN4 expects that there may be interruptions when the simultaneous RX/TX operation is started (UE starts receiving/transmitting with the target cell) and when the simultaneous RX/TX operation is stopped (UE stops receiving/transmitting with the source cell). For interfrequency handovers, such interruptions could always be expected, and for intrafrequency handovers, such interruptions could  be expected whenever the UE needs to reconfigure reception/transmission bandwidth).


Regarding interruption length, we believe the existing interruption requirement for NR PSCell addition /release can be used as starting point for steps 1) and 4)
[bookmark: _Ref20573828]Proposal 4: existing interruption requirement for NR PSCell addition in TS38.133 can be used as starting point for interruption at beginning of handover.
[bookmark: _Ref20645320]Proposal 5: existing interruption requirement for NR PSCell release in TS38.133 can be used as starting point for interruption at source cell release, if it is triggered by RRC. Otherwise, RAN4 needs to discuss when the interruption is allowed (interruption length should be the same)

2.3 Others 
This new handover with simultaneous Rx/Tx may have impact on other UE behaviours such as, e.g. L3 measurement, RLM and so on. Although UE still maintains connection with source cell after receiving handover command, we don’t think mobility purpose measurement is still needed given up that UE is now conducting handover and it is unexpected for network to initiate another handover procedure. 
[bookmark: _Ref20648097]Proposal 6: UE is not required to perform any mobility purpose measurement after receiving handover command.
As for RLM, after successful establishment of connections with both source and target cells UE may be configured to perform RLM on both cells (similar with DC). It is rational to let UE stay with network as long as the link quality of one of these two cells is still good. In other word, UE shall not trigger RLF if T310 for only one of the source and target cells expires.
[bookmark: _Ref20648099]Proposal 7: during the handover procedure, UE shall not trigger RLF if T310 for only source or target cell expires.
Another point mentioned in the last RAN4 meeting is about the TA update during the handover procedure. Our view is that UE shall follow the timing change of both source and target cells since it has to maintain connections with both of them. On one hand, if TA is not updated after UE movement, which is quite usual since handover is happening, link may be broken. On the other hand, we don’t think there is too much UE complexity and outage issue here. This is quite similar to DC, wherein UE has separate MAC entities, UE can maintain TA separately for source and target cells. 
[bookmark: _Ref20648101]Proposal 8: UE shall be able to follow TA update for both source and target cell during the handover procedure. 
3	Conclusion
In this contribution we provide further discussion on handover with simultaneous Rx/Tx RRM requirement. After discussion the following conclusions are made:
Proposal 1: from RAN4 perspective, intra-band HO with simultaneous Rx/Tx with source and target cells can support different SCS in source and target cell.
Proposal 2: inform RAN2 with above agreement. Final decision of feasibility can be made in RAN2.
Observation 1: in RAN4 requirement, the ending point of handover delay can be different from handover completion in stage 2 specification.
Proposal 3: consider the following two options for handover delay definition:
1) from HO command to PRACH preamble transmission (same as legacy)
2) from HO command to source cell release complete
Proposal 4: existing interruption requirement for NR PSCell addition in TS38.133 can be used as starting point for interruption at beginning of handover.
Proposal 5: existing interruption requirement for NR PSCell release in TS38.133 can be used as starting point for interruption at source cell release, if it is triggered by RRC. Otherwise, RAN4 needs to discuss when the interruption is allowed (interruption length should be the same).
Proposal 6: UE is not required to perform any mobility purpose measurement after receiving handover command.
[bookmark: _GoBack]Proposal 7: during the handover procedure, UE shall not trigger RLF if T310 for only source or target cell expires.
Proposal 8: UE shall be able to follow TA update for both source and target cell during the handover procedure.
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