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1. Introduction

As per time line for NR WID, the core requirement of SA mode shall start from the beginning of 2018. One of the most important mobility related requirement in TS38.133 is handover requirement.
In this contribution we have some preliminary discuss on the handover requirement for NR SA mode, and a corresponding CR is also proposed for TS38.133 section 6.1 in [1].
2. Handover procedure (control plane)
The C-Plane handover procedure is illustrated in TS38.300 v2.0.0, which is duplicated as below,
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Figure 1. C-plane handover procedure in TS38.300
Similar as in LTE, the handover delay requirement for TS38.133 is the time used for handover execution at UE side, which includes step 6-8 in the above figure.
6.
The source gNB triggers the Uu handover and sends the Handover Command message to the UE. The Handover Command message carries the information required to access the target cell, which includes at least the target cell ID, the new C-RNTI, the target gNB security algorithm identifiers for the selected security algorithms, can include a set of dedicated RACH resources, the association between RACH resources and SS blocks, the association between RACH resources and UE-specific CSI-RS configuration(s), common RACH resources, and target gNB SIBs, etc.

7.
The source gNB sends the SN STATUS TRANSFER message to the target gNB.

8.
The UE synchronises to the target cell and completes the RRC handover procedure.

So the starting point and ending for defining handover delay can be same as LTE, i.e. the starting point of HO delay is when the UE receives a RRC message implying handover from serving cell; and the ending point of HO delay is when UE is ready to start the transmission of the new uplink PRACH channel to the target cell.

Proposal 1: The starting point of HO delay is when the UE receives a RRC message implying handover from serving cell; and the ending point of HO delay is when UE is ready to start the transmission of the new uplink PRACH channel to the target cell
3. NR-NR Handover delay

In LTE there is no difference between intra-frequency and inter-frequency since the intra-frequency/inter-frequency measurement are performed before the HO in most of cases; even for the blind HO case, the time of cell search is specified under the assumption of the first successful attempt. So there is no difference between intra-frequency and inter-frequency HO requirement. 
Whether or not differentiate the HO requirement for FR1 and FR2 is a similar question as intra-frequency/inter-frequency, the only difference might be on the cell search time but if assuming the first successful attempt, then the HO requirement for FR1 and FR2 shall be same since the delay might be the first SMTC periodicity length. 
Proposal 2: The identical NR HO requirements can be applied for both intra-frequency and inter-frequency cases.

Proposal 3: The identical NR HO requirements can be applied for both FR1 and FR2.
The handover delay for NR can consist two parts: RRC procedure delay and interruption time during HO. The maximum RRC procedure delay can be referred to TS38.331. The interruption time in LTE HO is defined as below,

	5.2.2.4.2
Interruption time

The interruption time is 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 when UE is configured with normal or make-before-break handover, or the time the UE starts transmission of new PUSCH when UE is configured with RACH-less or combination of make-before-break and RACH-less handover, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH or on the new PUSCH.

5.2.2.4.2.1
Interruption time for normal handover
When intra-frequency or inter-frequency handover 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 8.1.2.2.2 for intra-frequency handover and Clause 8.1.2.3.4 for inter-frequency handover.


 In NR, the Tsearch still needs to be take into account in case the target cell is unknown to the UE but the cell search delay can be FFS. TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell which is also desirable in NR HO. The 20ms in the LTE HO delay equation came from the R4-080729, which is:
	In our understanding this time should cover following aspects:

a) HARQ operation: Upon detection of PDSCH transmission in subframe n intended for the UE and for which ACK and NACK shall be provided, UE shall transmit ACK/NACK response in subframe n+4. Accounting the HARQ processing and UL response this will correspond time of 4ms.

b) Passing the message from L1 to higher layers and processing required by them

c) Configuration of MAC and L1 and time required for processing/start-up

Of these aspects  a) can be considered to be independent of the implementation, whereas time requirements set by points b) and c) are related to specific implementation. Note that points b) and c) are given as an example and also exact partitioning of these timings is implementation dependent. However in a form or another similar processing can be seen to be required by UEs a prior they can be expected to be ready to start transmit on the new cell.

Based on internal analyses we feel that the 20ms processing time proposed for UE in [1] is sufficient.


So in NR we also need a time delay to consider all the above aspects during the HO. We propose to reuse the current 20ms as a starting point, and any other candidate values can be FFS.

Thus the interruption time during the NR HO can be defined as:

Proposal 4:

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 = [TBD] 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 [TBD] ms.
4. NR-LTE Handover delay

In TS25.133, the UMTS – LTE HO delay requirement is same as the LTE-LTE HO requirement since the HO delay is dominated by the UE behaviour in target cell. So for NR-LTE HO delay requirement we can reuse the same methodology, i.e. NR-LTE HO delay requirement is same as LTE-LTE HO requirement except MBB and/or RACH-less HO.

Proposal 5: NR-LTE HO delay requirement is same as LTE-LTE HO requirement except MBB and/or RACH-less HO.
5. MBB or RACH-less HO

For MBB and RACH-less HO, they are HO enhancement solutions in LTE and RAN2 is doing some email discussion for those enhancement in NR as well, but to RAN4 we may need to focus on the normal HO procedure first and if RAN2 has any conclusion to introduce HO enhancement then we can study the corresponding requirement.
Proposal 6: focus on RRM requirement for normal handover first.
6. Conclusion
In this contribution we have some preliminary discuss on the handover requirement for NR SA mode, and a corresponding CR is also proposed for TS38.133 section 6.1 in [1].

Proposal 1: The starting point of HO delay is when the UE receives a RRC message implying handover from serving cell; and the ending point of HO delay is when UE is ready to start the transmission of the new uplink PRACH channel to the target cell

Proposal 2: The identical NR HO requirements can be applied for both intra-frequency and inter-frequency cases.

Proposal 3: The identical NR HO requirements can be applied for both FR1 and FR2.
Proposal 4:

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 = [TBD] 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 [TBD] ms.
Proposal 5: NR-LTE HO delay requirement is same as LTE-LTE HO requirement except MBB and/or RACH-less HO.
Proposal 6: focus on RRM requirement for normal handover first.
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