[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _GoBack][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #86                 	R4-1802800
Athens, Greece, February 26th – March 2nd 2018

Source:	Nokia, Nokia Shanghai Bell 
Title:	Handover latencies in NR 
Agenda item:	7.9.7.1
Document for:	Discussion
1	Introduction
In the RAN4 AH meeting in San Diego handover interrupts including NR RAT were discussed for the first time. Discussed were both intra-NR handover interrupts as well as handover interrupts between NR and LTE. In this paper, we look further the requirements RAN4 would need to define for handover interrupts. 

2	Discussion
RAN4 agreed a WF on handover in [1]. In the AH meeting it was agreed to capture the interrupt in a similar manner in legacy:
[bookmark: _Hlk506657601]Dhandover = TRRC_procedure_delay + Tinterruption
Where the TRRC_procedure_delay would the RRC procedure delay would be defined in 38.331. Tinterruption will be the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH (not including the RRC processing delay).
For further discussion is the breakdown of the Tinterruption which would be defined based on what the target cell would be – an NR cell or an E-UTRAN cell.
Next, we look at the Tinterruption for each target cell.

2.1	Tinterruption when target cell is an NR cell
In the AH meeting it was agreed that Tinterrupt shall be defined in TS38.133 and
Tinterrupt = Tsearch + TIU + Tmargin + TMIB ms
Where: 
Tsearch: is the time for PSS/SSS detection, which is 0 for known cell and [TBD] ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt 
TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to [TBD] ms. 
Tmargin: it comprises at least Tprocessing_NR. Whether Tmargin also includes Tloops is FFS where:
Tprocessing_NR: is the UE processing time, which can be up to [TBD]ms
Tloops: is time for time refinement, which is up to [TBD] ms
TMIB: is the time required to decode MIB, if MIB decode is necessary, otherwise TMIB = 0.
Tsearch, for an unknown cell will depend on the cell detection latency for NR, which will depend on the SSB periodicity of the target cell. Once decided, TBD can be filled and for now RAN4 can simply keep [TBD].
TIU might depend on whether beams are in use in the target cell or not. If beam forming is in use in the target cell, TIU may depend on whether UE has performed additional beam forming and beam refinement related measurement prior to the HO or not. E.g. this could depend on target cell CSI-RS measurements. Once RAN4 has analyzed the potential delays in the different scenarios it would be possible to decide whether common value TIU is possible or there will be a need to distinguish TIU depending on the conditions.	 
TMIB seems straight forward and need no further discussions. Whether it is needed or not would depend on scenario.
Definition and details concerning Tmargin was not clear from the discussions in last meeting. Tmargin will comprise of Tprocessing_NR and maybe Tloops. If Tloops is the time needed for beam refinement prior to access then such delay should be covered by TIU as this is the overall delay related to acquiring the available PRACH in the target. Concerning Tprocessing_NR it should be clearly defined which UE processing delay it refers to. This needs to be clarified.
Observation 1: Tprocessing_NR and Tloops needs to be clearly understood and defined.
Observation 2: RAN4 need to clearly define the different HO delay components to ensure correct estimation of the NR HO delay, such that no component is left out and no component is covered more than once. 

2.2	Tinterruption when target cell is an E-UTRAN cell
In the AH meeting it was agreed that Tinterrupt shall be defined in TS38.133 and
Tinterrupt = Tsearch + TIU + Tprocessing_NR2LTE ms
Where: 
Tsearch: is the time for PSS/SSS detection, which is 0 for known cell and 80ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt 
TIU: is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30ms. 
Tprocessing_NR2LTE: is the UE processing time, which can be up to [TBD]ms.
As for the first two delays (Tsearch and TIU) - these are the same delays as already known from LTE. However, the latter delay, Tprocessing_NR2LTE, was not clearly defined and it was not clear which UE delays this would cover and the need for it. From the discussions delays may occur from:
· Time for change of timing between RATs
· UE internal delay due to change of RAT
Other reasons may be possible. However, RAN4 need to have a clear definition of the delay and describe the reasoning for the delay.
Observation 3: RAN4 need to have a clear definition of Tprocessing_NR2LTE.
Having a clear understanding of the different delay components would make it easier to correctly estimate the delays.

3	Conclusion
In this paper have discussed some further details related to handovers in NR based on the agreements made in the San Diego AH meeting. Based on the discussion we observe:
Observation 1: Tprocessing_NR and Tloops needs to be clearly understood and defined.
Observation 2: RAN4 need to clearly define the different HO delay components to ensure correct estimation of the NR HO delay, such that no component is left out and no component is covered more than once. 
Observation 3: RAN4 need to have a clear definition of Tprocessing_NR2LTE.
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