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1. Introduction
A way forward was agreed for SA NR requirements in [1]. Handover requirements are needed both for NR-NR mobility and NR-LTE mobility. In this contribution we discuss NR-NR handover requirements. A way forward for handover was agreed in [2].
2. Discussion

In release 14, RAN2 specified RACHless and make-before-break (MBB) handover. It is a RAN2 decision whether to specify RACHless  and make before break handover for NR to NR, and our understanding is that RAN2 is continuing to discuss proposals in this area. Nevertheless, the need for normal handover requirements can already be concluded and hence we propose: 
Proposal 1: RAN4 starts with specification of requirements for normal NR to NR handover, and additionally specifies RACHless and make-before-break handover depending on RAN2 outcome.
In RAN4 NR AH#1801, a way forward on handover was agreed [2] which provides the following framework

	· Handover delay and interruption time should be defined
· Handover delay Dhandover is defined from the time when the UE receives a RRC message implying handover to the time when UE shall be ready to start the transmission of the new uplink PRACH channel:
· 
Dhandover = TRRC_procedure_delay + Tinterruption
· Where:
· TRRC_procedure_delay: it is the RRC procedure delay defined TS 38.331
· Tinterruption: it 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 TRRC_procedure_delay.
…

Tinterrupt shall be defined in TS38.133 

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 to required to decode MIB, if MIB decode is necessary, otherwise TMIB = 0. 



Starting with the RRC procedure delay, so far RAN2 has not specified procedure delay for NR

Table 11.2-1: UE performance requirements for RRC procedures for UEs 

	Procedure title:
	Network -> UE
	UE -> Network
	Value [ms]
	Notes

	RRC Connection Control Procedures

	RRC reconfiguration


	RRCReconfiguration
	RRCReconfigurationComplete
	X
	


At any rate, in LTE specifications RAN4 did not directly specify a value for RRC procedure delay and it would be reasonable to follow the same approach for NR-NR handover
Proposal 2: RAN4 can reference RAN2 specifications and does not need to know the exact value for RRC procedure delay to complete work on NR-NR handover
Next, we consider the various factors in the handover equation.
Tsearch: Since PSS/SSS are assumed by the UE to be transmitted with SMTC periodicity, the value for Tsearch should be one SMTC period. AGC settling is included in Tmargin, so should not be included in Tsearch
TIU: In 38.211, Table 6.3.3.2-2: Random access configurations are given with x and y values for 
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. Based on the configurations, the longest periodicity between preamble occasions is 4 frames, giving TIU=50ms. As this is significantly longer than LTE PRACH occasion uncertainty, we propose that the PRACH uncertainty in the requirement is expressed as x*10+10ms where x is as defined in 38.211 table 6.3.3.2-2.
Tmargin: In RAN4 AH1801, one main discussion was whether Tmargin should be split into two factors, 
· 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
While we agree that time refinement and processing time may be considered for the handover requirement, there seems no be no need to mandate a certain split between the two factors as this is a UE implementation matter. So, similarly to LTE, a single margin should be defined. It is up to the UE how it fulfils the handover requirement.
TMIB: The main purpose of MIB decoding would be to acquire target SFN and half frame indicator. In many scenarios, the UE may already have decoded the MIB to determine SSB time index. The following is the relevant part of the MIB from 38.331

-- Indication of whether the SS block is in the first or second 5 ms of a radio frame.


-- Corresponds to L1 parameter 'half-frame-index' (see 38,211, section 4.3.1)


halfFrameIndex





ENUMERATED {firstHalf,secondHalf},


systemFrameNumber




BIT STRING (SIZE (10)),

MIB is transmitted in every SSB with periodicity SMTC period. RAN4 should also study whether SFN and half frame indicator are necessary to determine the proper PRACH preamble resources to use, or whether similarly to LTE handover, the UE can transmit a PRACH preamble without prior knowledge of SFN.
Based on the analysis we make the following proposals

Proposal 3: Tsearch is one SMTC period
Proposal 4 : TIU= x*10+10ms where x is as defined in 38.211 table 6.3.3.2-2.
Proposal 5: A single Tmargin is defined to allow for processing time and other UE implementation aspects

Proposal 6:TMIB is only added to the requirement in cases where the UE has not already decoded the target SIB

Proposal 7: TMIB is one SMTC period
Since handover may be used for real time services such as voice and, interruption time should be carefully considered. A typical target is 300ms interruption which is barely noticeable for voice services, however care is needed since this includes not only the handover delay/interruption time needed in the radio for handover but also the full setup of the VOIP bearer (not the same definition as RAN4 interruption time).

 It is also to be noted that there is an ITU requirement for mobility interruption time [3] in IMT-2020 systems

	4.12
Mobility interruption time

Mobility interruption time is the shortest time duration supported by the system during which a user terminal cannot exchange user plane packets with any base station during transitions.
The mobility interruption time includes the time required to execute any radio access network procedure, radio resource control signalling protocol, or other message exchanges between the mobile station and the radio access network, as applicable to the candidate RIT/SRIT.
This requirement is defined for the purpose of evaluation in the eMBB and URLLC usage scenarios.

The minimum requirement for mobility interruption time is 0 ms.



As such, RAN2 continues to discuss techniques to achieve 0ms interruption with SA NR. 

Observation 1: Timely handover is needed for voice and real time services
Observation 2: There is an ITU requirement for 0ms mobility interruption which is discussed by RAN2
3. Conclusion

Proposal 1: RAN4 starts with specification of requirements for normal NR to NR handover, and additionally specifies RACHless and make-before-break handover depending on RAN2 outcome.
Proposal 2: RAN4 can reference RAN2 specifications and does not need to know the exact value for RRC procedure delay to complete work on NR-NR handover

Proposal 3: Tsearch is one SMTC period
Proposal 4 : x*10+10ms where x is as defined in 38.211 table 6.3.3.2-2.
Proposal 5: A single Tmargin is defined to allow for processing time and other UE implementation aspects

Proposal 6:TMIB is only added to the requirement in cases where the UE has not already decoded the target SIB

Proposal 7: TMIB is one SMTC period
Observation 1: Timely handover is needed for voice and real time services

Observation 2: There is an ITU requirement for 0ms mobility interruption which is discussed by RAN2
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