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1. Introduction
In RAN4#87, significant progress was made for UE handover requirements. Especially for FR1 target cells the requirements are nearly complete with only one issue that we would like to discuss in RAN4. For FR2 handovers several issues remain, but overall much of the discussion in RAN4#87 allowed the requirements to be progressed.
2. Discussion

2.1. Issues common to all frequency ranges

In all handover requirements, there is a note
if the SMTC periodicity is not configured, the term SMTC periodicity in Tsearch and T∆ shall be deemed to be replaced with SSB periodicity.
Considering first the blind handover, our understanding from the discussions on interRAT SFTD measurement without prior knowledge of the SMTC timing is that the UE cannot continuously perform a search for SSB. The assumption for SFTD measurement (both FR1 and FR2) is that the UE is assumed to be capable of processing 5ms of radio samples every 20ms when carrying out cell detection on a carrier. Hence this note is not consistent with the assumption. If the SMTC periodicity is not configured, there is also no meaningful SMTC offset available to the UE, and the UE cannot predict when SSBs will be transmitted, based on current serving cell timing. For example, taking blind handover on FR1 with unknown SMTC period, the note would imply that Tsearch=SSB period+5ms, but the UE cannot determine SSB period/offset and detect PCI within 1 SSB period. For T∆, our assumption is that the UE might have determined the SSB periodicity and timing prior to this step, but Tsearch seems clearly not feasible.

Observation 1: With existing assumptions on UE searcher complexity it is not possible to replace SMTC periodicity with SSB periodicity in the case that SMTC periodicity is not configured.

Observation 2: The handover delay may become quite long in case of unknown cell with no configured SMTC

For the known cell handover case, the implication is that the UE has already measured the target cell. To enable measurements, the SMTC must already be configured. By this reasoning, the case does not exist for known target cells, since the UE must already have information on the target cell SMTC.
Observation 3: The case of unknown SMTC periodicity does not exist for known target cell handover

Based on these observations, there are two options. Either RAN4 may define a more relaxed requirement for handover to an unknown target cell with unknown SMTC periodicity, or RAN4 may specify that requirements are not defined for this case. Since the handover delay is going to become long and we would question how useful this case is, our slight preference is towards the later option, although we are not opposed to specifying requirements provided that they are consistent with the search to process 5ms of received samples being performed every 20ms.

Proposal 1: No handover requirements are specified for the case that SMTC periodicity is not configured.
2.2. Issues common to FR1-FR2 and FR2-FR2 handover

There are two main issues to resolve for FR1 to FR2 and FR2 to FR2 handover. Firstly, there are two options for Tsearch for inter-frequency handover
Option 1: N1*2* SMTC periodicity + 5ms

Option 2: N1*4* SMTC periodicity + 5ms

Secondly, RAN4 needs to define the TBD value for T∆ = [TBD]* SMTC periodicity.
Interfrequency TSearch
Since the Tsearch for intrafrequency handover in FR2 is already decided as N1* SMTC periodicity + 5ms, the two options correspond to different assumptions for the number of samples needed for AGC settling. In the offline adhoc on handover in RAN4#87, our understanding is that this corresponds to so called “option 5” Option 5: [N1▪(2 or 4 depending on FR1 value for inter-freq) SMTC periodicity + 5] ms. At that time 2 or 4 samples were also on the table for FR1. Since FR1 was settled as 3SMTC periods for interfrequency Tsearch, we propose the same here. Although it is not one of the options that was captured in 38.133 it is an intermediate value, and therefore seems a suitable compromise.

Proposal 2; For FR2 interfrequency handover Tsearch= N1*3* SMTC periodicity + 5ms
The other issue is a more critical one in our understanding, which is to define T∆ = [TBD]* SMTC periodicity. The main discussion is whether an RX beam sweep should be assumed during this stage which may involve both MIB decoding and timing refinement.
Our view is that the UE needs to commit to a certain RX beam based on either the last measurement (for the case of known target cell) or as found during Tsearch (for the case of unknown handover). It is, of course, possible that the best RX beam direction may change between the measurement of PSS/SSS and the subsequent decoding of MIB but defining handover requirements under the assumption that the best RX beam is never the same and allowing for an additional beam sweep during the handover is suggesting a very pessimistic implementation.
While the handover may fail in some cases where the RX beam changes, a longer handover delay will also lead to increased handover failure rate. The values which were discussed during RAN4#87 handover adhoc were 1SMTC, 4SMTC or 8 SMTC periods. Considering 8 SMTC periods and default SMTC periodicity of 20ms a beam sweep at this stage adds an additional 160ms to handover, and the handover interruption / delay is therefore very significantly worse than for LTE or FR1 target cell. Moreover, even for handover to a known cell, the total handover delay can easily end up so large that the interruption is very noticeable for voice or video real time services.

Proposal 3: T∆ = [1]* SMTC periodicity for FR2 handover

2.3. Issues for FR1-FR2 handover
There is a different definition of Tprocessing for FR1-FR2 handover compared with FR2-FR2 handover.

FR1-FR2

Tprocessing is time for UE processing. Tprocessing can be up 20ms if UE provides the measurement report within the last [TBD] ms for the target cell before the handover command is received. Otherwise Tprocessing can be up 40ms.

FR2-FR2
Tprocessing is time for UE processing. Tprocessing can be up 20ms.

Our understanding of the difference is that the UE may have to power up the FR2 RF chain if it has not been making measurements on FR2 (with serving cell on FR1), whereas when the FR2 RF chain is already powered up (serving cell on FR2), there is no additional delay expected.
Considering that the UE does not know when it performs a measurement whether it is going to get a handover command, we think the requirement for FR1-FR2 handover implies that the UE needs to keep the FR2 RF powered on for up to the chosen [TBD] value in case a handover command should come.

This does not seem desirable for UE power consumption, and it also seems to complicate the requirements significantly. It also introduces a new criteria in the handover requirements, where a cell may be a known cell, but not well enough known to allow 20ms Tprocessing.

 Hence, we propose simply to replace the Tprocessing for FR1-FR2 with a generic 40ms value.

Proposal 4: For FR1-FR2 handover Tprocessing can be up 40ms. (regardless of measurement report).
3. Conclusion

In this contribution we make the following proposals for NR handover. We also provide a CR to update 38.133 based on the proposals.
Proposal 1: No handover requirements are specified for the case that SMTC periodicity is not configured.
Proposal 2; For FR2 interfrequency handover Tsearch= N1*3* SMTC periodicity + 5ms
Proposal 3: T∆ = [1]* SMTC periodicity for FR2 handover

Proposal 4: For FR1-FR2 handover Tprocessing can be up 40ms. (regardless of measurement report).
4. Annex – current handover requirements (based on 38.133v15.1.2)
6.1.1
NR Handover

6.1.1.1
Introduction

6.1.1.2
NR FR1 - NR FR1 Handover

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR1 cell to NR FR1 cell.

6.1.1.2.1
Handover delay

Procedure delays for all procedures that can command a handover are specified in TS 38.331 [2].

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause x.x in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.2.2.

6.1.1.2.2
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, excluding the RRC procedure delay. 

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + 20+ T∆ 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 an unknown intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = SMTC periodicity + 5 ms. If the target cell is an unknown inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [3*SMTC periodicity + 5] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = SMTC periodicity.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [6].
NOTE 1: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.

NOTE 2: if the SMTC periodicity is not configured, the term SMTC periodicity in Tsearch and T∆ shall be deemed to be replaced with SSB periodicity.
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 9.2.5 for intra-frequency handover and Clause 9.3.1 for inter-frequency handover.

6.1.1.3
NR FR2- NR FR1 Handover

The requirements in this clause are applicable to inter-frequency handovers from NR FR2 cell to NR FR1 cell.

Requirements in clause 6.1.1.2 also apply for this section.

6.1.1.4
NR FR2- NR FR2 Handover

The requirements in this clause are applicable to both intra-frequency and inter-frequency handovers from NR FR2 cell to NR FR2 cell.

6.1.1.4.1
Handover delay

Procedure delays for all procedures that can command a handover are specified in TS 38.331 [2].

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause x.x in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.4.2.

6.1.1.4.2
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, excluding the RRC procedure delay. 

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms

Where:

Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is an intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*SMTC periodicity + 5] ms. If the target cell is an inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*(2 or 4)* SMTC periodicity + 5] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

Tprocessing is time for UE processing. Tprocessing can be up 20ms.

T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = [TBD]* SMTC periodicity.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [6].
NOTE 1: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.

NOTE 2: if the SMTC periodicity is not configured, the term SMTC periodicity in Tsearch and T∆ shall be deemed to be replaced with SSB periodicity.
6.1.1.5
NR FR1- NR FR2 Handover

The requirements in this clause are applicable to inter-frequency handovers from NR FR1 cell to NR FR2 cell.

6.1.1.5.1
Handover delay

Procedure delays for all procedures that can command a handover are specified in TS 38.331 [2].

When the UE receives a RRC message implying handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.

Where:

Dhandover equals the maximum RRC procedure delay to be defined in clause x.x in TS 38.331 [2] plus the interruption time stated in clause 6.1.1.5.2.

6.1.1.5.2
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, excluding the RRC procedure delay. 

When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt

Tinterrupt = Tsearch + TIU + Tprocessing+ T∆ ms

Where:

Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is an intra-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*SMTC periodicity + 5] ms. If the target cell is an inter-frequency cell and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = [N1*(2 or 4)* SMTC periodicity + 5] ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.

Tprocessing is time for UE processing. Tprocessing can be up 20ms if UE provides the measurement report within the last [TBD] ms for the target cell before the handover command is received. Otherwise Tprocessing can be up 40ms.

T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = [TBD]* SMTC periodicity.

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to x*10 +10 ms. x is defined in the table 6.3.3.2-2 of [6].
NOTE 1: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.

NOTE 2: if the SMTC periodicity is not configured, the term SMTC periodicity in Tsearch and T∆ shall be deemed to be replaced with SSB periodicity.
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