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1	Introduction
As per plenary decision RAN4 was only to work on NR NSA until December 2017 after which work on SA should start. This means that from January AH meeting RAN4 is expected to start the work on NR SA as well as continue the work on NSA. In this paper, we look at the handover requirements RAN4 would need to define due to support of SA. 

2	Discussion
Support of SA means that RAN4 need to work on a number of new requirements. One such requirement is the support of connected mode mobility – which includes handover. The handover requirements can be expected to include intra-NR handover as well as handover from NR to E-UTRAN. That is, RAN4 would need to define UE requirements for following procedure:
· NR handover
· Handover to other RAT’s
Next, we look at which requirements we see should be defined for connected mode handover. Also for handover we note that due to plenary prioritization also for other WGs, the actual details in other WGs is not fully ready. This may impact RAN4 possibility to progress. In our accompanying papers [2] and [3] we look at the expected requirements for Idle mode and Inactive Mode.

2.1	NR Handover
As already agreed in RAN4 there will be no differentiation between NR FDD and TDD mode. This means that it is there is no need to split handover requirements due to FDD and TDD mode. One generic set of handover intra-NR requirement should be enough. 
Observation 1: Only one set of generic intra-NR handover requirements are needed.
Such generic handover requirement would be for defining handover requirements for NR – NR handover.
Observation 2: Only handover requirements for NR – NR handover are needed.
In legacy system RAN4 has defined handover requirements related to:
· Handover delay
· Interruption time
We believe a similar high-level requirements split can be used as baseline in NR. I.e. the overall handover delay will cover RRC procedure (UE receiving the handover command, processing the RRC message, UE changing to target cell and ready to perform UL transmission in the target cell). Next, we look more detailed at possible requirements for each of these.

2.1.1 Handover Delay
When defining the handover delay RAN4 has typically defined the delay from when the UE receives the RRC message implying a handover till the point when the UE shall be ready to transmit in UL in the uplink channel in the target NR cell. We suggest using similar delay interval, Dhandover, as base in NR. 
Proposal 1: Use same handover delay interval, Dhandover, as in E-UTRAN for NR – NR handover delay.
Basically, this means that the handover delay will be RRC procedure delay as defined in [38.331] plus an interruption delay (see next section).
Open is whether NR supports both RACH-less based access for accessing the target cell as known from E-UTRAN. This would need to be decided in RAN2 after which RAN4 can capture the necessary requirements.

2.1.2 Interruption Time
Earlier RAN4 has defined the interruption time as the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts UL transmission in the target cell. The interruption delay will then depend on the details regarding which UL transmission is to be done in target cell: PRACH or another UL channel. 
However, RAN4 may be able to progress the work by defining rather generic core requirements (as in E-UTRAN) in order to get the basic frame work in place.
The basic common blocks of an interruption delay would include:
· Time to perform target cell search in case the target cell is not known.
· Time for fine time and frequency synchronization in target cell.
· Time until UL transmission in target cell is possible.
In addition, there might be need for additional time due to beam alignment in target cell – at least for FR2. This could be included as part of ‘Time until UL transmission in target cell is possible’.
This approach assumes that NR will have a similar handover procedure as in early phase of E-UTRAN – i.e. excluding the Rel-14 handover latency reduction. If these are including in NR handover this would likely impact the interruption time and would need to be accounted in the requirements.

2.2 Handover to other RAT’s
NR will only support handover to E-UTRAN [1]. I.e. RAN4 only need to define inter-RAT handover between NR and E-UTRAN FDD and E-UTRAN TDD. 
As the target cell is E-UTRAN and RAN4 already have well defined handover delay requirements for E-UTRAN. The main different between NR – E-UTRAN handover and intra-LTE handover, will be the NR RRC processing delay when receiving the handover command from gNB.

2.2.1 Handover Delay
We believe the existing delays as defined in 36.133 can be re-used with minor changes. Similar as for NR – NR handover we think re-using Dhandover, definition as baseline should be possible also for NR – E-UTRAN handover. 
Proposal 2: Use same handover delay interval, Dhandover, as in E-UTRAN for NR – E-UTRAN handover delay.
Basically, this means that the handover delay will be RRC procedure delay as defined in [38.331] plus an interruption delay (see next section).
Open for RAN2 decision is whether all handover types defined in Rel-14 is supported in NR – E-UTRAN handover. If this is the case this wold need to be accounted in the handover delay requirements. 

2.2.2 Interruption Time
In E-UTRAN there a 4 different interruption times defined:
· Interruption time for normal handover
· Interruption time for RACH-less handover
· Interruption time for make-before-break handover
· Interruption time for combination of make-before-break and RACH-less handover
Whether all are supported for NR- E-UTRAN handover would be RAN2 decision. We expect that at least normal handover will be supported and there would be a need for interruption time requirements at least for this case.
As this delay depends on E-UTRAN procedures and related delays we believe that the interruption time defined already in E-UTRAN can be re-used as baseline. I.e. the interruption time could be defined as:
[bookmark: _Hlk503723293]When inter-RAT handover to E-UTRAN is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + [20] ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
In the interruption requirement, a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1 (FDD) of [36.133] and Clause 8.1.2.2.2 (TDD) of [36.133] for intra-frequency handover.
All target cell identification requirements should be based on intra-frequency non-DRX requirements. To keep the impact on legacy implementation at minimum we suggest to re-use almost all existing requirements as in legacy. However, we would like to open discussion whether 20ms is too relaxed accounting that this requirement is from beginning of E-UTRAN time. We would expect some improvements on UE side during E-UTRAN lifetime and would expect less time is needed.
Proposal 3: Re-use existing E-UTRAN handover interruption time requirements as baseline for NR – E-UTRAN handover.
Proposal 4: Discuss reducing the 20ms additional delay in the handover interruption time.
In [4] we provide a draft CR related to NR – NR and NR – E-UTRAN handovers.

3	Conclusion
In this paper, we look at which requirements we see should be defined for connected mode handover.
Observation 1: Only one set of generic intra-NR handover requirements are needed.
Observation 2: Only handover requirements for NR – NR handover are needed.
Proposal 1: Use same handover delay interval, Dhandover, as in E-UTRAN for NR – NR handover delay.
Proposal 2: Use same handover delay interval, Dhandover, as in E-UTRAN for NR – E-UTRAN handover delay.
Proposal 3: Re-use existing E-UTRAN handover interruption time requirements as baseline for NR – E-UTRAN handover.
Proposal 4: Discuss reducing the 20ms additional delay in the handover interruption time.
In [4] we provide a draft CR related to NR – NR and NR – E-UTRAN handovers.
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