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1. Introduction
In RAN4#86, progress was made on handover requirements for NR to NR handover with agreement on the FR1-FR1 and FR2-FR2 handover requirements in the endorsement of [1]. Requirements for FR1-FR2 and FR2-FR1 handover are still TBD.

The requirements for FR1-FR1 and FR2-FR2 are currently similar, as the values are TBD (in the end it is anticipated that some values will be different between FR1 and FR2 handovers. FR1 handover requirements are shown below.
	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. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.

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

Tinterrupt = Tsearch + TIU + [20]+ [Tloops] + TMIB 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.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
Tloops is [TBD]. 
TMIB is [TBD] if MIB decode is necessary, otherwise TMIB = 0.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last [TBD] 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.



2. Discussion

The main tasks for RAN4 are to complete the TBD values including
· Tsearch
· TIU
· Tloops

· TMIB
· Duration for known cell definition

We also think it is important to keep in mind the high level requirements for handover. Typically, interruptions of 300ms or less in voice are almost unnoticeable. To support this, handover on the radio interface should be somewhat faster, so make the following observation
Observation 1:For voice or other real time service, handover interruption should be 250ms or less to be barely noticeable

It may not be reasonable to expect this level of performance with all network configurations. For example, it is hardly reasonable to expect this interruption for a blind handover with 160ms SMTC periodicity on the target cell. Nevertheless, it should be possible to reach at least this level of performance with more typical configurations non-blind handover, PRACH configuration giving Tiu=10ms or 20ms, and SMTC periodicity such as the default of 20ms.
We now turn to the possible values of the TBD parameters in 38.133, considering both FR1 and FR2 target cells.

2.1. Tsearch
In LTE, this is specified as 80ms and typical LTE implementations may perform cell search every 40ms. In RAN4#86 some companies proposed to make the requirement max(80ms,SMTC period+5ms). However, once the UE has been instructed to perform a blind handover, there is no power saving benefit to waiting to perform search for the target cell, considering that it will need to be searched for at some point anyway, and in the meantime the source cell may deteriorate.

The conditions are specified as being sufficient for successful cell detection on the first attempt, so the actual detection should take 1 SMTC period+ 1 SMTC duration. 
Proposal 1: Tsearch=1 SMTC period+1 SMTC duration in FR1
For FR2, the UE may need to perform RX beamforming. The discussion for cell search for blind handover is related to the discussion for cell search for intrafrequency requirements and the same N1 value should be used here. In a separate contribution we propose N1=4 in intrafrequency  measurement requirements

Proposal 2: Tsearch=4 SMTC period+1 SMTC duration in FR1. UE supporting optional enhanced requirements should support Tsearch=1 or 2 SMTC period+1 SMTC duration

2.2. TIU
The longest periodicity of RACH preamble occasions in NR can be 160ms, so the maximum TIU is 170ms. However, as with LTE handover, the actual value of TIU shall depend upon the PRACH configuration used in the target cell. This aspect is already captured in a note in 38.133 requirements for handover.

Proposal 3: 1.1.
TIU = 170ms for both FR1 and FR2
2.3. Tloops

Originally, Tmargin was defined by Tmargin = Tloops + Tprocessing. In RAN4#86, it was decided that Tprocessing=[20]ms. Since Tloops depends on UE implementation we summarize the various contributions from different companies in table 1.
	Tdoc, company
	FR1 Tloops
	FR2 Tloops

	R4-1801831, Intel
	SMTC period
	9*SMTC period

	R4-1803040, Qualcomm
	0
	0

	R4-1801499, Mediatek
	At least 1 SMTC period
	At least 1 SMTC period

	R4-1802678, Huawei, Hisilicon
	0 if MIB decode is necessary. Otherwise it is 1 SMTC in FR1.
	N/A


Table 1: Summary of Tloops proposals in R4#86
The majority of companies think that 0 or 1 SMTC is suitable in different conditions in FR1. For FR2, views are more diverse. In our understanding, Tloops was discussed as a margin for more accurate time and frequency synchronization of the new target cell before PRACH is transmitted, under the assumption that the target cell is already known to the UE (either before the handover or acquired during Tsearch. From this point of view, a preferred RX beamforming direction should already be known for FR2. While it might be that the UE orientation or propagation condition changes and handover thus fails, it should also be emphasized that a large Tloops may not be helpful in that it increases the time for the UE RX beamforming situation to change compared with the start of  the handover. Hence our view is that at a certain point in the handover procedure it is better to commit to an RX beam which appears likely to be the correct one to use, then complete the handover in a timely manner rather than to allow extra time to allow for the possibility that conditions might change which in turn increases the probability that conditions do change. It would be better to accept some handover failures with a faster handover procedure.
For the value of Tloops for FR1, we support the proposal from R4-1803040 that Tloops=0.
Proposal 4: Tloops=0 for FR1
Proposal 5: Tloops=0 for FR2
2.4. TMIB
	Tdoc, company
	FR1 TMIB
	FR2 TMIB

	R4-1801831, Intel
	N/A
	N/A

	R4-1803040, Qualcomm
	In case MIB decode is required it can be accomplished using the same SSB as that for search.
	In case MIB decode is required it can be accomplished using the same SSB as that for search.

	R4-1801499, Mediatek
	When the target cell NR-MIB is not already known and signal quality is sufficient for successful NR-MIB reading on the first with one single attempt, TMIB = TSSB
	When the target cell NR-MIB is not already known and signal quality is sufficient for successful NR-MIB reading on the first with one single attempt, TMIB = TSSB

	R4-1802678, Huawei, Hisilicon
	TMIB is 0 for the case MIB decode is not necessary. Otherwise, it is 1 SMTC provided the signal quality of the PBCH from target cell is sufficient for successful decoding on the first attempt in FR1
	N/A


Table 1: Summary of TMIB proposals in R4#86
The majority of companies think that for FR1, the MIB decoding time is in the range 0-1 SMTC. Technically we agree with the comment that MIB decoding could be done at the same time as Tsearch. However, to be consistent with the agreement for FR2 SSB identification that there is a separate period for PSS/SSS sync and for time index determination we also think it is reasonable to allow implementations to perform MIB reading sequentially on another SMTC. For FR2, we reiterate our earlier comment that the UE may be better to complete timely handover with a possibility of failure than to perform (possibly multiple) beam sweeps during the handover procedure as this will itself increase the probability of handover failure. Hence, we propose
Proposal 6 : TMIB=1 for FR1
Proposal 7 : TMIB =1 for FR2
2.5. Duration for known cell definition

For 15kHz SCS, it seems natural that the LTE definition of known cell would be reused. In the RAN4#86bis meeting, it was indicated that with 1ppm timing drift the timing drift over 5 seconds would be 5us which is approximately the cyclic prefix. However, the 5s period in LTE specifications was reused from WCDMA rather than analyzed in this way, and the assumption of a 1ppm frequency error in the target cell seems pessimistic. Since basestation frequency accuracy is ±0.05ppm absolute for wide area BS or ±0.1ppm for medium range/local BS (from 38.101) it follows that any  neighbour BS must be transmitting a signal within 0.2ppm of the handover source cell. Since the UE is transmitting to the handover source cell, it is required to meet a requirement on 

FR1

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of [TBD] compared to the carrier frequency received from the NR Node B.
FR2

The UE modulated carrier frequency shall be accurate to within ±0.1 PPM observed over a period of [1 msec] compared to the carrier frequency received from the NR gNB.

Taking these together means that the absolute worst-case drift for the target cell could be 0.3 PPM compared to the UE reference clock. The value is shown for different SCS in table 3
	SCS
	Time to drift by one cyclic prefix

	15
	15.67s

	30
	7.833s

	60
	3.916s

	120
	1.958s


Table 3 : Worst case time to drift by 1 CP for different SCS, considering 0.3ppm frequency error

Considering that this is a worst-case network, and most NR networks would operate synchronously in a frequency layer, it is not necessary to dimension the UE based on the worst-case network sync. By this, we mean that a UE should not discard its cell detection result after exactly the time shown in table 3, since in many cases the SSB may still be found within one CP after a greater time.
Based on this we propose

Proposal 8: Known cell definition of 5s is reused for all SCS in handover requirements
3. Conclusion

Proposal 1: Tsearch=1 SMTC period+1 SMTC duration in FR1

Proposal 2: Tsearch=4 SMTC period+1 SMTC duration in FR1. UE supporting optional enhanced requirements should support Tsearch=1 or 2 SMTC period+1 SMTC duration

Proposal 3: 
TIU = 170ms for both FR1 and FR2

Proposal 4: Tloops=0 for FR1
Proposal 5: Tloops=0 for FR2

Proposal 6 : TMIB=1 for FR1
Proposal 7 : TMIB =1 for FR2
Proposal 8: Known cell definition of 5s is reused for all SCS in handover requirements
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