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1. Introduction

In last meeting, handover requirement structure in both TS38.133 and TS36.133 were both agreed. However, there is still some open issues, e.g. Tsearch, TMIB and etc. in this contribution we provide further discussion on these open issues. After discussion some conclusions are made.
2. Discussion

The Tinterruption in agreed structure is the interruption time allowed after RRC signalling containing handover command is received until UE starts transmission of new PRACH to target cell, excluding RRC procedure delay. Total interruption time allowed are different for different handovers. In what follows, we will address them one by one.

2.1. Intra-NR handover

According to the agreement in [1], Tinterrupt in intra-NR handover shall be defined in TS38.133, in terms of:
Tinterrupt = Tsearch + TIU + Tmargin + TMIB ms

Tsearch: time needed for PSS/SSS detection. It is quite straightforward that this time period can be 0 for a known target cell. As for an unknown target cell, UE may need 5~6 SMTC to complete the PSS/SSS detection according to the agreement made in cell search section. Note that 5~6 SMTC is needed at side condition around SNR = -6dB. However, handover typically would not occur toward a target cell with such low SNR that UE can barely detect it. Thus defining requirement based on such low SNR may be meaningless in real practice. So we can focus on scenario with better condition, e.g. the signal quality of the target unknown cell is sufficient for successful cell detection on the first attempt. In this case UE needs [TBD]ms for PSS/SSS detection according to agreement in [1]. Here we believe UE can successfully detect the target cell within 1 SMTC since we already have condition that “signal quality is sufficient for successful cell detection on the first attempt”. Of course this is for FR1 where UE Rx beam sweeping is not considered, while for FR2, additional delay can be expected.

Proposal 1: In FR1, Tsearch = 1 SSB periodicity + 5ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.

TMIB: it is the time to read MIB for full timing information. This part can be 0 if the target cell is in FR2 and UE has sent a measurement report with SSB index recently (UE needs to detect PBCH DMRS and decode NR MIB to acquire the SSB index). Otherwise, it might take some time for UE to successfully decode the MIB. Actually this part of delay has been widely evaluated in PBCH performance section. According to the agreement in [2] SS/PBCH index acquisition delay is [2+X] *SMTC for FR1 and [3+Y] *SMTC for FR2 with side condition SNR = -6dB. Similarly with analysis as aforementioned, handover typically would not occur toward a target cell with such low SNR that UE can barely detect it. Thus defining requirement based on such low SNR may be meaningless in real practice. So we can focus on scenario with better condition, e.g. the signal quality of the target unknown cell is sufficient for successful cell detection on the first attempt. Thus 1 SMTC can be assumed enough for PBCH decoding. Of course this is for FR1 where UE Rx beam sweeping is not yet considered, while for FR2, additional delay can be expected.

Proposal 2: TMIB is 0 for the case MIB decode is not necessary. Otherwise, it is 1 SSB periodicity provided the signal quality of the PBCH from target cell is sufficient for successful decoding on the first attempt in FR1.

Regarding Tloops, it is the time for time refinement as proposed by some company. Similar issue can be found SCell activation procedure. The difference is that in SCell activation procedure, UE needs to feedback CQI while in handover procedure UE needs to transmit PRACH preamble. In our understanding, from uplink demodulation performance perspective, PRACH preamble is more robust than CQI feedback. According to UE transmit timing requirement, uplink transmission of PRACH preamble with timing error Te is acceptable, which we believe can be achieved after cell search. Thus if UE doesn’t need to read NR-MIB, UE can perform PRACH based on coarse timing acquired in PSS/SSS detection procedure. So Tloops should be 0 if NR-MIB reading is not needed.

If UE has to read MIB, from procedure point of view, in some implementation UE needs finer timing and frequency synchronization before PBCH decoding. Considering the side condition of target cell is quite good, here we assume UE can finish finer timing and frequency tracking within 1 SMTC.
Proposal 3: Tloops is 0 if MIB decode is not necessary. Otherwise it is 1 SSB periodicity in FR1.
Another issues raised in last RAN4 #86bis is about AGC issue for handover to an inter-frequency target cell. In our view TAGC should be 0 if the inter-frequency target cell is a known cell, since UE can use history information for AGC settling. For an inter-frequency unknown cell, UE needs some more time for AGC adjustment. It was mentioned in [2] that up to 3 SSB periodicity can be expect for this part. We believe it could be a good starting point.
Proposal 4: TAGC = 0 if target cell is an intra-frequency or an inter-frequency known cell. Otherwise, TAGC = [3*SSB periodicity] if target cell is an inter-frequency unknown cell.
2.2. Inter-RAT handover from NR to E-UTRAN

According to the agreement in [1], Tinterrupt in inter-RAT handover from NR to E-UTRAN shall be defined in TS38.133, in terms of:
Tinterrupt = Tsearch + TIU + Tprocessing_NR2LTE ms

It is quite straightforward that Tsearch and TIU shall be determined by E-UTRAN and existing requirement in TS36.133 can be reused. The rest part, Tprocessing_NR2LTE, is similar with Tprocessing_NR aforementioned in section 2.1. 20ms was agreed for this part [3].
2.3. Inter-RAT handover from E-UTRAN to NR

According to the agreement in [1], Tinterrupt in inter-RAT handover from NR to E-UTRAN shall be defined in TS38.133, in terms of:

Tinterrupt = Tsearch + TIU + Tmargin + TMIB ms

Analysis of this handover is very similar as that in section 2.1. The only difference is Tprocess in Tmargin. Since 20ms was agreed in [2] on handover from NR to LTE, it is straightforward that we can also assume 20ms for handover from LTE to NR.
Proposal 5: Tprocessing_LTE2NR is 20ms.
3. Conclusion
In this contribution we discuss the remaining TBD in handover requirements. After discussion the following conclusions are provided:
Proposal 1: In FR1, Tsearch = 1 SSB periodicity + 5ms for unknown cell provided that the signal quality is sufficient for successful cell detection on the first attempt.
Proposal 2: TMIB is 0 for the case MIB decode is not necessary. Otherwise, it is 1 SSB periodicity provided the signal quality of the PBCH from target cell is sufficient for successful decoding on the first attempt in FR1.
Proposal 3: Tloops is 0 if MIB decode is not necessary. Otherwise it is 1 SSB periodicity in FR1.
Proposal 5:  Tprocessing_LTE2NR is 20ms.
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