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Introduction
In RAN4#91, a way forward [1] was agreed for further enhanced mobility from a RAN4 RRM requirements point of view
	· On conditional handover solution
· The handover delay is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted.
· The methodology of defining handover delay for LTE conditional handover shall be aligned with that for NR conditional handover. 
· The number for each component in the handover delay will be discussed in the next meeting. 
· Note that T∆ is not included in Tinterrupt for LTE.
· On non-split dual active protocol stack solution
· The handover delay is defined as when the UE receives a RRC message from source cell implying handover the UE shall be ready to start the transmission of the new uplink PUSCH channel on the target cell within Dhandover seconds from the end of the last TTI containing the RRC command.
The interruption requirement numbers will be discussed in the next meeting.




Discussion
We begin by reviewing RAN2 progress on the work item during May meeting. RAN2 discussed reduction in user data interruption during handover (related to simultaneous RX/TX) and handover robustness improvements (related to conditional handover). The agreements coped from the RAN2 meeting report are below
Reduction in user data interruption during handover
1 Simultaneous UL PUSCH transmission does not need to be supported for the HO interruption solution. 
	
2	UL PUSCH switches from source to target after reception of the first UL grant from the target eNB


1	We will not specify single active protocol stack solution (option 0/1/2)

2	We will specify dual active with specified capability coordination that does not have to be utilized by the network. FFS how/whether we will specify the rules for UE when capability coordination is not utilized and UE capabilities are exceeded (we may leave this up to UE implementation).

Handover robustness improvements CHO
1 Conditional handover (CHO) is introduced in LTE to solve robustness/reliability issue. 
2	The source cell decides on the condition for the execution of CHO. 
3	The source cell adds the condition for the execution of CHO to the RRC message sent to UE.
4	Multiple CHO candidate cells can be sent in either one or multiple RRC messages. FFS on signalling details. FFS how CHO execution is handled.
5	CHO execution does not trigger measurement report.
6	A3/A5-like CHO execution condition shall be specified. 

From a RAN4 perspective, the most significant agreement related to simultaneous RX TX is that there is not simultaneous PUSCH and instead the physical layer uplink data path is switched when the UE successfully receives an uplink grant from the target cell. This does not imply that there would be no simultaneous UL transmission, since PRACH, PUCCH or SRS  could still be transmitted to the target cell before the UE first receives a grant, but nevertheless it limits the likely duration for which dual uplink would be transmitted. For conditional handover, the agreements mostly clarify the procedure.
We now turn our attention to the RAN4 requirements
RAN4 RRM requirements

Simultaneous RX TX
Based on the current RAN2 status, we still think it is premature to develop CRs or text proposals for requirements related to simultaneous reception or transmission in RAN4 until there is greater clarity on the direction that the feature(s) will take.
Proposal 1 : RAN4 awaits further progress on reduction of user data interruption during handover before concluding on necessary requirements for further enhanced handover with reduced interruption.
Nevertheless, it is beneficial if RAN4 starts to do some initial analysis work so that the requirements can be developed more quickly if needed. Generally the idea for reduction in user data throughput should be to provide physical layer connectivity to both source and target cell with, ideally, 0ms interruption. Since the HO enhancements are based on CA-like/DC-like operations, in some cases 0ms interruption may not be feasible if starting a new RF chain or retuning bandwidth, since there are interruptions in CA/DC. In addition, something akin to handover delay would need to be specified, which indicates the latency between the UE receiving the handover command, and being ready to perform the simultaneous RX/TX operation. This includes RRC procedure delay for receiving the HO command, and time for the UE to reconfigure baseband and RF for the simultaneous operations. 
Preliminary Proposal 2 : Interruption times are specified for simultaneous reception and transmission.
Preliminary Proposal 3 : Latency between the UE receiving the handover command, and being ready to perform the simultaneous RX/TX operation is specified.
For interruptions, we provide the following initial analysis
1. For intrafrequency handover where the target cell has the same or smaller BW than the source cell, the interruption should be 0ms. The UE RF is already receiving the target cell from an RF perspective (as interference) prior to the HO so the only issue is baseband processing to start decoding (and if there is dual uplink, baseband encoding) the target cell. There is no significant benefit to using a 2nd RF chain for this scenario, since both RF chains would be operating on the same frequency, even if the scenario is an asynchronous intrafrequency handover.
Preliminary proposal 4 : 0ms interruption applies for an intrafrequency handover where the target cell has the same or smaller BW than the source cell
2. For intrafrequency handover where the target cell has greater BW the UE RF BW will need to be increased. This can be based on CA requirements, so 5ms interruption would apply in the synchronous case. For the async case, one additional subframe can be applied on either the source cell or the target cell  depending on whether the UE reconfigures its RF on the source cell subframe boundary or the target cell subframe boundary.
Preliminary proposal 5 : 5ms interruption applies for a synchronous intra-frequency handover where the target cell has larger BW than the source cell. For async intra-frequency handover where the target cell has larger BW than the source cell, one additional subframe can be applied on either the source cell or the target cell
It could be noted that 5ms interruption is considered from a downlink perspective with single RF chain to update the AGC. If asynchronous TX is to be supported, it needs dual TX chains. However, it is also clear that uplink interruption should not be less than downlink interruption otherwise there can be problems such as UE missing TA commands and HARQ feedback for transmissions. Hence, we propose that the uplink interruption should follow the downlink interruption.  
3. For interband synchronous handover, 1ms interruption can be applied in the synchronous case, and for the async case one additional subframe can be applied on either the source cell or the target cell
Preliminary proposal 6 : 1ms interruption applies for an interband synchronous handover. For the async case one additional subframe can be applied on either the source cell or the target cell
4. [bookmark: _Hlk6922506]For intraband interfrequency case our assumption is that solutions will still be based on 2 RF chains, so proposal 6 can be reused. This may need further discussion if there is interfrequency handover to an adjacent frequency where a single RF chain could be considered, but we think it would be better to await a clearer understanding of the cases RAN2 intends to specify before analysing the requirements for this case in too much detail.
One discussion which took place in RAN4#91 was about single PA transmission for synchronous intrafrequency handover and how to handle the possible non-contiguous PRB allocation considering transmission to both source and target cell. The discussion was about whether this case could be handled with power back off or not. Such discussion needs to take place in RAN4 RF session considering the expertise necessary to conclude on it.

Conditional handover
Firstly, we would like to clarify the starting point for the conditional handover delay and interruption time. In last meeting it was agreed that The handover delay is defined from the time when handover condition is met to the time when the first PRACH preamble is transmitted. In our understanding, this means that the handover delay time starts when handover condition is met at the measurement reference point (antenna connector). In NR mobility enhancements it has been discussed whether the handover delay should start at the time when the UE evaluates internally that the condition is met; in our view that would not be a proper way to define the requirement because the evaluation time itself could be unbounded.
Proposal 7 : Start of handover delay (time when handover condition is met) is when the external signal at the measurement reference point first meets the handover condition.
Once the condition is met at the reference point, we can identify the different processing steps that are required until the PRACH preamble can be transmitted. There are many commonalities with the legacy (unconditional) handover in these steps and it is feasible to reuse much of the existing framework,
1. Evaluation of handover condition. This includes sampling, L1 filtering as well as (most likely) configurable L3 filter, time to trigger conditions etc. The evaluation is almost identical to an event evaluation, with the exception that instead of putting the information into an RRC message which is sent to the eNB, the UE is able to action the handover execution autonomously. This is in line with RAN2 agreements on the procedure. Likely this step may be slightly faster than being ready to transmit a measurement report, because the protocol and physical layers do not need to construct and encode an uplink message, and at any rate we assume that numerically, the same delay as event triggered reporting delay would be sufficient to determine that the handover condition is met

Proposal 8 : Event triggered reporting delay requirement, Tevent is reused to determine the time allowed for the UE to perform event evaluation (intra or interfrequency requirement as relevant).

We denote this delay which is numerically the same as event triggered reporting delay as Tpseduo-event

2. UE internal reconfiguration to start actioning the handover. This component was discussed in RAN4#91. Although the numerical value of this delay depends completely on UE implementation, one observation is that it should be upper bounded by the RRC procedure delay of the legacy HO procedure, which is 15ms
Proposal 9 : Maximum UE internal reconfiguration delay Treconfigure is specified as 15ms

3. Handover execution : Once the UE is ready to start executing the handover, the remaining steps follow the legacy handover delay. Since the UE has measured the target cell, there is no blind handover case, and hence Tsearch=0ms. There was some discussion on whether Tsearch should be included in RAN4#91 but we do not understand the rationale, considering that the UE needs to measure the target cell so as to determine that the CHO condition is met.
Proposal 10 : Handover interruption duration shall be specified as TIU + 20 ms

Putting proposals 2,3 and 4 together gives

DCHO = Tpseduo-event +TIU + 35ms


For the handover interruption time, the UE may start to perform the handover at any time once the handover condition is met at the antenna connector. Although the UE is required to filter measurements and evaluate the condition in a proper way, Tpseduo-event is only a minimum requirement, it may not take as long as Tpseduo-event before the handover procedures are internally started. In the same way, a UE that does not need 15ms to prepare for handover after detecting the pseudo-event should also be expected to start handover execution earlier. In this case, since the HO is started earlier, it is also a reasonable expectation that (analogous to a legacy HO where the UE has faster RRC processing delay) the interruption time is given by

Tinterrupt,CHO = TIU + 20ms
Conclusions
Proposal 1 : RAN4 awaits further progress on reduction of user data interruption during handover before concluding on necessary requirements for further enhanced handover with reduced interruption.
Preliminary Proposal 2 : Interruption times are specified for simultaneous reception and transmission.
Preliminary Proposal 3 : Latency between the UE receiving the handover command, and being ready to perform the simultaneous RX/TX operation is specified.
Preliminary proposal 4 : 0ms interruption applies for an intrafrequency handover where the target cell has the same or smaller BW than the source cell
Preliminary proposal 5 : 5ms interruption applies for a synchronous intra-frequency handover where the target cell has larger BW than the source cell. For async intra-frequency handover where the target cell has larger BW than the source cell, one additional subframe can be applied on either the source cell or the target cell
Preliminary proposal 6 : 1ms interruption applies for an interband synchronous handover. For the async case one additional subframe can be applied on either the source cell or the target cell
Proposal 7 : Start of handover delay (time when handover condition is met) is when the external signal at the measurement reference point first meets the handover condition.
Proposal 8 : Event triggered reporting delay requirement, Tevent is reused to determine the time allowed for the UE to perform event evaluation (intra or interfrequency requirement as relevant).

Proposal 9 : Maximum UE internal reconfiguration delay Treconfigure is specified as 15ms

Proposal 10 : Handover interruption duration shall be specified as TIU + 20 ms
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