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At RAN4#86bits a CR [1] on SFTD measurement was agreed, which is stated as follows, 8.1.2.4.25.2	SFTD Measurement requirements
The requirements on SFTD measurement defined in this section are applicable under the side condition SCH Ês/Iot ≥ -3 dB for the NR cell. Depending on configuration, SFTD may be carried out with or without the support of configured measurement gaps.
The UE shall be able to detect, identify and measure SFTD of the strongest NR cell on the carrier frequency provided in the SFTD measurement configuration. 
When no measurement gaps are provided, the UE shall be capable of finding the NR cell regardless of its SSB position in the SMTC period. The SFTD measurement shall be conducted with sustained connection to the E-UTRA PCell, however, the UE may be allowed to cause a certain amount of interruptions for reconfiguration of the radio receiver. The interruptions are FFS.
When measurement gaps are provided, the UE shall be capable of finding the NR cell under the additional condition that the SSB at least occasionally falls within the measurement gap.
When no MCG DRX is used, the UE shall be capable of determining SFTD within a physical layer measurement period of Tmeasure_SFTD1 as follows: 
· For SFTD measurements without measurement gaps
· For NR carrier in FR1: Tmeasure_SFTD1 = [14] SMTC periods
· For NR carrier in FR2: Tmeasure_SFTD1 = TBD SMTC periods
· For SFTD measurements in measurement gaps
· For NR carrier in FR1: Tmeasure_SFTD1 = TBD
· For NR carrier in FR2: Tmeasure_SFTD1 = TBD
When MCG DRX is used, the same Tmeasure_SFTD1 as for non-DRX applies, but the reporting delay depends on the DRX cycle length in use.
The measurement accuracy for the SFTD measurement shall be as specified in the sub-clause 9.x.x.



In the CR two remaining problems is identified to be studied: 
· The interruption requirements for SFTD measurement without gaps.
· The SFTD measurement period Tmeasure_SFTD1 for both FR1/FR2 and with/without measurement gaps.
In this contribution we follow up on the CR [1], and propose inter-RAT SFTD measurement requirements for the case when there are no competing NR measurements.
Discussion
Inter-RAT SFTD requires the following measurements:
· PSS/SSS detection of the NR cell
· RSRP measurement of the NR cell (3 strongest cells are to be reported)
· DMRS/MIB decoding of the NR cell
Depending on SFTD measurement configuration, SFTD may be carried out with or without the support of configured measurement gaps. The inter-RAT SFTD physical layer measurement delay can thus be specified as:
FR1: Tmeasure_SFTD1 = TPSS/SSS_sync +  TRSRP + TDMRS 
FR2: Tmeasure_SFTD1 = TPSS/SSS_sync +  TRSRP + TDMRS+MIB 
where TPSS/SSS_sync it is the time period used in PSS/SSS detection, TRSRP is the time needed for RSRP measurement, and TDMRS/TDMRS+MIB is the time needed for decoding DRMS or DMRS+MIB for determining the timing difference of subframe boundaries of two cells.
SFTD measurement without gaps
When network has no timing information on the target NR cell to be measured, it is impossible for network to use a gap for measurement and SFTD is to be measured with gaps. For SFTD measurement without gaps, UE can adopt a sliding-window to cover the entire SMTC period [2]. As it is shown in Figure 1 below, UE uses a sliding window of 5ms to cover the 20ms SMTC period. The 5ms is the smallest SMTC period, thus it is reasonable to keep the window at least 5ms. The assumption of 20ms SMTC serves as a baseline since SMTC periodicity since SMTC periodicity is assumed to be 20ms for initial access. To guarantee UE initial access procedure, network should maintain the SMTC periodicity to be at least 20ms.  To avoid missing any SSB within the SMTC duration, there is an overlap of 0.3ms (SSB time length of 4 symbols) between adjacent two windows.  Note that there are also time margin at the beginning and the end of each window for RF switching time. The RF switching time for FR1 is 500 us and for FR2 is 250 us according to TS 38.133 [3]. With this scheme, it may take 6 SMTCs when assuming that the NR cell search resource is not used for other operations during that time [2].



Figure 1. An Illustration of Sliding-window method for SFTD measurement

NR cell belonging to FR1
Under the side condition of SCH Ês/Iot ≥ -6dB, the PSS/SSS is detectable in 2 attempts without the implementation margin based on the existing simulation results [5]. With the side condition of SCH Ês/Iot ≥ -3dB, we suggest using 2 attempts for PSS/SSS detection which leaves some implementation margin for UE vendors. The RSRP measurement delay is 2 attempts with implantation margin [6].  For DMRS decoding, it is first required to correctly identify the SSB index via the DM-RS sequence. At RAN4-1801AH companies provided simulation results for DMRS decoding (e.g.[4]), but figures were either for other SINR points, or for the 99% success rate, in order to arrive at 90 percent success rate for inter-RAT SFTD. Shaving off the numbers with respect to the proposed side condition of Ês/Iot ≥ -3dB, and interpolating between the SINR results, it is reasonable to assume that 2 attempts are needed to decode DMRS with implementation margin.
Proposal 1: For FR1, and SFTD measurement without measurement gaps, the PSS/SSS synchronization delay, RSRP measurement delay, and DMRS decoding delay, under the side condition of SCH_Ês/Iot ≥ -3dB, shall be:
· TPSS/SSS_sync  = [12] SMTCs
· TRSRP = [2] SMTCs
· TDMRS = [2] SMTCs
The total SFTD measurement period Tmeasure_SFTD1 should be the sum of TPSS/SSS_sync, TRSRP, and TDMRS. SFTD measurement is typically an accidental event for UE, and UE is not expected to perform it frequently. Thus, unlike cell identification, the UE duty cycle should not be included in the total time of Tmeasure_SFTD1, and SFTD measurement period should be based on SMTC period only.
Proposal 2: For FR1, and SFTD measurement without measurement gaps, the SFTD measurement period shall be:
Tmeasure_SFTD1 = [16] SMTCs
NR cell belonging to FR2
For FR2, when UE Rx beam sweeping is used, the cell detection time needs to be extended by a factor of number of RX beams, NRXBS. The Rx beam sweeping is up to UE implementation, and the parameter value of NRXBS is TBD. It is shown by simulation in [4], 3 attempts are need for the decoding delay of SSB index with an implementation margin.  Note, the TDMRS+MIB is also constrained by the number of cells to be reported for SFTD measurement, Ncell_SFTD.
Proposal 3: For FR2, and SFTD measurement without measurement gaps, the PSS/SSS synchronization delay, RSRP measurement delay, and DMRS decoding delay, under the side condition of SCH_Ês/Iot ≥ -3dB, shall be:
· TPSS/SSS_sync  = NRXBS ×[12] SMTCs
· TRSRP = NRXBS ×[2] SMTCs
· TDMRS+MIB = min (NRXBS, Ncell_SFTD) ×[3] SMTCs
where Ncell_SFTD is the number of cells for reporting the SFTD measurement.
Proposal 4: For FR2, and SFTD measurement without measurement gaps, the SFTD measurement period shall be:
Tmeasure_SFTD1 = NRXBS  × [14] SMTCs + min (NRXBS, Ncell) × [3]SMTCs,
where Ncell_SFTD is the number of cells for reporting the SFTD measurement.

SFTD measurement with gaps
When measurement gap is provided, the UE shall be capable of finding the NR cell under the additional condition that the SSB at least occasionally falls within the measurement gap. Thus, the sliding-window method is not needed and the SFTD measurement period Tmeasure_SFTD1 now also depends on the measurement gap repetition period, MGRP, and it is less than the case when measurement gap is not configured.
Proposal 5: For FR1, and SFTD measurement with measurement gaps, the PSS/SSS detection time, RSRP measurement time and the DMRS decoding time shall be:
· TPSS/SSS_sync  = [2] SMTCs
· TRSRP = [2] SMTCs
· TDMRS = [2] SMTCs
The SFTD measurement period shall be 
Tmeasure_SFTD1 = max([6] SMTCs, [6] MGRP).
Proposal 6: For FR2, and SFTD measurement with measurement gaps, the PSS/SSS detection time, RSRP measurement time and the DMRS decoding time shall be:
· TPSS/SSS_sync  = NRXBS × [2] SMTCs
· TRSRP = NRXBS ×[2] SMTCs
[bookmark: _GoBack]TDMRS+MIB = min (NRXBS, Ncell_SFTD) ×[3] SMTCs, where Ncell_SFTD is the number of cells for reporting SFTD measurement.
The SFTD measurement period shall be:

Tmeasure_SFTD1 = max((NRXBS  × [4] + min (NRXBS, Ncell) ×[3])SMTCs, (NRXBS  × [4] + min (NRXBS, Ncell) ×[3]) MGRP), where Ncell_SFTD is the number of cells for reporting the SFTD measurement.

Summary and Conclusions
In this contribution we have provided an analysis of the time needed for inter-RAT SFTD measurements with/without gaps. The time delays needed are captured in the following proposals:
Proposal 1: For FR1, and SFTD measurement without measurement gaps, the PSS/SSS synchronization delay, RSRP measurement delay, and DMRS decoding delay, under the side condition of SCH_Ês/Iot ≥ -3dB, shall be:
· TPSS/SSS_sync  = [12] SMTCs
· TRSRP = [2] SMTCs
· TDMRS = [2] SMTCs
Proposal 2: For FR1, and SFTD measurement without measurement gaps, the SFTD measurement period shall be:
Tmeasure_SFTD1 = [16] SMTCs
Proposal 3: For FR2, and SFTD measurement without measurement gaps, the PSS/SSS synchronization delay, RSRP measurement delay, and DMRS decoding delay, under the side condition of SCH_Ês/Iot ≥ -3dB, shall be:
· TPSS/SSS_sync  = NRXBS ×[12] SMTCs
· TRSRP = NRXBS ×[2] SMTCs
· TDMRS+MIB = min (NRXBS, Ncell_SFTD) ×[3] SMTCs, where Ncell_SFTD is the number of cells for reporting the SFTD measurement.
Proposal 4: For FR2, and SFTD measurement without measurement gaps, the SFTD measurement period shall be:
Tmeasure_SFTD1 = NRXBS  × [14] SMTCs + min (NRXBS, Ncell) × [3]SMTCs,
      where Ncell_SFTD is the number of cells for reporting the SFTD measurement.
Proposal 5: For FR1, and SFTD measurement with measurement gaps, the PSS/SSS detection time, RSRP measurement time and the DMRS decoding time shall be:
· TPSS/SSS_sync  = [2] SMTCs
· TRSRP = [2] SMTCs
· TDMRS = [2] SMTCs
The SFTD measurement period shall be 
Tmeasure_SFTD1 = max([6] SMTCs, [6] MGRP).
Proposal 6: For FR2, and SFTD measurement with measurement gaps, the PSS/SSS detection time, RSRP measurement time and the DMRS decoding time shall be:
· TPSS/SSS_sync  = NRXBS × [2] SMTCs
· TRSRP = NRXBS ×[2] SMTCs
· TDMRS+MIB = min (NRXBS, Ncell_SFTD) ×[3] SMTCs, where Ncell_SFTD is the number of cells for reporting the SFTD measurement.
The SFTD measurement period shall be: 
Tmeasure_SFTD1 = max((NRXBS  × [4] + min (NRXBS, Ncell) ×[3])SMTCs, (NRXBS  × [4] + min (NRXBS, Ncell) ×[3]) MGRP), where Ncell_SFTD is the number of cells for reporting the SFTD measurement.
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