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Following the RAN2#100, RAN4 has received an LS [1] from RAN2 on further extension of SFTD reporting to inter-RAT neighbor cell for EN-DC capable UE that has not yet been configured with a PSCell. During the RAN4-1801AH, there were discussions on how to implement such functionality (see e.g. [2][3][4]), and whether, as a response to the LS [1], new kinds of gaps are needed. A WF [5] captured the agreements, which included that no new gap patterns are needed. Consequently, an LS reply [6] was sent to RAN2, conveying that no new gap patterns will be defined for the purpose of SFTD in Rel-15. What remains to inform RAN2 about is the information needed in the measurement configuration, and the information to be conveyed in the measurement report. Remaining work is RAN4-internal. 
The WF stated the following:Agreements:
· Inter-RAT SFTD measurement for EN-DC capable UE comprises:
· Cell detection over all possible SSB timings in an SMTC period
· MIB acquisition
· Time difference
· Inter-RAT SFTD measurement configuration contains at least the following:
· NR carrier frequency	
· SMTC period length (depending on solution)
· (Further assistance information is not precluded)
· Inter-RAT SFTD measurement report contains:
· SFTD for NR neighbor cell (criterion for which cell to report FFS)
· PCI of detected cell
· Inter-RAT SFTD core requirements shall not drive UE hardware complexity:
· Assumption on minimum NR cell search processing capacity: 5ms radio time at most every 20ms
· Architectures and scenarios to consider:
· Receiver for NR available (cf. LTE CA non-contiguous case)
· Receiver for NR currently occupied by LTE SCC reception (LTE CA) (Responsibility of PCell to avoid resource conflict)
· Shared receiver for LTE and NR (cf. LTE CA intra-band contiguous case)
· SFTD Measurement execution:
· Measurements conducted without support of measurement gaps
· Measurements confined to measurement gaps

For RAN4#86:
· Companies are encouraged to provide the following:
· Analysis of acquisition time needed for inter-RAT SFTD for the various SMTC periods and receiver architectures
· Criterion for which cell to report
· Tentative definition for inter-RAT SFTD measurement (to provide to RAN1)
· Side condition on SINR

In this contribution we follow up on the WF and on our earlier contribution [2], and propose inter-RAT SFTD measurement requirements for the case when there are no competing NR measurements.
Discussion
As captured in the WF, inter-RAT SFTD requires the following measurements:
· Cell detection of the NR cell
· MIB acquisition of the NR cell
· Time difference between LTE PCell and NR cell
Depending on SFTD measurement configuration, the cell detection shall either search for cells at all possible timings within an SMTC period, or shall be confined to configured measurement gaps. The inter-RAT SFTD physical layer measurement delay can thus be specified as:
TSFTD = Tcell_detection + TMIB + TTD
where Tcell_detection is the time required for cell detection, TMIB is the time needed for SFN acquisition, and TTD is the time needed for determining the time difference between the cells.
In case of measurements without gaps, covering a whole SMTC period once under the agreed resource restrictions (cell search operating at most 5ms every 20ms) may take 6 SMTCs when assuming that the NR cell search resource is not used for other operations during that time. See [2] for background.
In case of measurements confined to measurement gaps, and assuming that the SSB associated with the cell falls within the effective part of a measurement gap, cell detection may take 1 SMTC for each attempt when assuming that all measurement gaps as well as the NR cell search resource can be used for SFTD measurements.
Regarding side conditions, we think it is reasonable that they would be on par with the side condition for NR SCell activation. At RAN4-1801AH, it was agreed that SCell activation would have the side condition on SCH_Ês/Iot ≥ -3dB [7], which would correspond to that the PSS/SSS is detectable in one attempt (cf. [7][8]). However, when executing the cell detection, most likely a free-running RSSI-based AGC will have to be used at least initially. This may result in clipping and occasionally noise depending on that the gain setting is lagging and thus non-optimum. Therefore, we suggest that two PSS/SSS detection attempts are considered for the cell detection part of SFTD.
Proposal 1: Side condition for intra-frequency SFTD measurements shall be on par with SCell activation, by which SCH_Ês/Iot ≥ -3dB. 
Proposal 2: For the scenario where there are no NR measurements competing for resources, the cell detection delay, under the side condition of SCH Ês/Iot ≥ -3dB, shall be:
· For measurements not confined to measurement gaps: 	Tcell_detection = [12] SMTCs
· For measurements confined to measurement gaps: 		Tcell_detection = max([2] MGRP + [1] MGL, [2] SMTCs), where one additional MGRP has been accounted for to cover the time between the SFTD measurement request and the first measurement gap.  
For MIB decoding, it is first required to correctly identify the SSB index via the DM-RS sequence. At RAN4-1801AH companies provided simulation results for joint SSB index and MIB decoding (e.g. [9][10]), but figures were either for other SINR points, or for a higher percentile than the 95th needed 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 two attempts are needed to decode SSB index and MIB.
Proposal 3: For the scenario where there are no NR measurements competing for resources, the MIB detection delay, under the side condition of SCH Ês/Iot ≥ -3dB, shall be:
· For measurements not confined to measurement gaps: TMIB = [ 2] SMTCs
· For measurements confined to measurement gaps: TMIB = max([2] MGRP, [2] SMTCs)

For the time difference measurement, it is assumed that during the time the UE is executing the inter-RAT SFTD measurement, it has a chance to sync up timing for the PCell. Similarly, when decoding MIB for SCell, the UE is additionally syncing up timing for SCell. Hence, we see no need to add additional time for time difference measurement.
Proposal 4: No additional time is needed for the actual time measurement, hence TTD = 0 shall be used.
Summing up, we propose the following:
Proposal 5: For measurements not confined to gaps, SCH Ês/Iot ≥ -3dB, and no competing NR measurements, the physical layer processing time shall be: TSFTD = [14] SMTCs.
Proposal 6: For measurements confined to measurement gaps, SCH Ês/Iot ≥ -3dB, and no competing NR measurements, the physical layer processing time shall be: TSFTD = max([4] MGRP + [1] MGL, [4] SMTC).
Regarding the criterion for which NR cell to report, we find it sufficient that the UE reports the first NR cell it can detect reliably. This leaves up to UE implementation to decide whether to first search e.g. over the whole SMTC period before deciding, or to take the first NR cell that exceeds some implementation-specific threshold. 
Proposal 7: The UE is to report the first NR cell it can detect reliably. It is up to UE implementation to decide when to stop searching for other candidate NR cells.
For the measurement configuration, besides carrier frequency and SMTC period length it may be beneficial for the UE to get an indication on the SCS. Hence, we propose the following:
Proposal 8: The inter-RAT SFTD measurement configuration shall comprise:
· Carrier frequency
· SMTC period
· SCS of SSB
As mentioned in [2], there may be power consumption benefits for UEs if they are allowed to turn the NR radio receiver on and off for each segment of radio time that it is receiving, when conducting inter-RAT SFTD measurements that are not confined to gaps. The assumption agreed in the WF is that the NR cell search resource is capable of handling 5ms of radio time every 20ms, hence if keeping the radio receiver on the whole time, the radio receiver will be idling at least 75% of the time. Allowing the UE to turn the receiver on and off does however imply that there may be interruptions due to e.g. pull effects. The minimum interruption is at the onset and the end of the SFTD measurement, where each time a 1 subframe interruption of PCell can be expected. 
Proposal 9: For SFTD measurements not confined to gaps, the minimum interruption is 1 subframe at onset and 1 subframe at the end of the SFTD measurement. More interruptions shall however be considered to prevent unnecessary UE power consumption due to an idling radio receiver.
For the case when there are competing NR measurements, a longer SFTD measurement time can be expected (see [2]). In case of measurements in gaps, it is necessary to allow the SFTD measurements to take priority over other measurements occasionally. This in turn leads to that the L1 measurement periods for other measurements need to be extended during the SFTD measurement. We propose that for this case, the SFTD measurements are allowed to utilize up to 50% of the measurement gaps. 
Proposal 10: For measurements not confined to gaps, SCH Ês/Iot ≥ -3dB, and competing NR measurements, the physical layer processing time shall be: TSFTD = [24] SMTCs.
Proposal 11: For measurements confined to measurement gaps, SCH Ês/Iot ≥ -3dB, and competing NR measurements, the physical layer processing time shall be: TSFTD = max([8] MGRP + [1] MGL, [8] SMTC).
Proposal 12: When inter-RAT SFTD measurements are carried out, and there are other NR measurements carried out in measurement gaps
· the inter-RAT SFTD measurement is allowed to utilize 50% of the measurement gaps,
· the L1 measurement periods of other measurements are extended  

Summary and Conclusions
In this contribution we have analysed UE aspects of inter-RAT SFTD measurements when there are no competing NR measurements. The following proposals are put forward:
Proposal 1: Side condition for intra-frequency SFTD measurements shall be on par with SCell activation, by which SCH_Ês/Iot ≥ -3dB. 
Proposal 2: For the scenario where there are no NR measurements competing for resources, the cell detection delay, under the side condition of SCH Ês/Iot ≥ -3dB, shall be:
· For measurements not confined to measurement gaps: 	Tcell_detection = [12] SMTCs
· For measurements confined to measurement gaps: Tcell_detection = max([2] MGRP + [1] MGL, [2] SMTCs), where one additional MGRP has been accounted for to cover the time between the SFTD measurement request and the first measurement gap.  
Proposal 3: For the scenario where there are no NR measurements competing for resources, the MIB detection delay, under the side condition of SCH Ês/Iot ≥ -3dB, shall be:
· For measurements not confined to measurement gaps: TMIB = [ 2] SMTCs
· For measurements confined to measurement gaps: TMIB = max([2] MGRP, [2] SMTCs)
Proposal 4: No additional time is needed for the actual time measurement, hence TTD = 0 shall be used.
Proposal 5: For measurements not confined to gaps, SCH Ês/Iot ≥ -3dB, and no competing NR measurements, the physical layer processing time shall be: TSFTD = [14] SMTCs.
Proposal 6: For measurements confined to measurement gaps, SCH Ês/Iot ≥ -3dB, and no competing NR measurements, the physical layer processing time shall be: TSFTD = max([4] MGRP + [1] MGL, [4] SMTC).
Proposal 7: The UE is to report the first NR cell it can detect reliably. It is up to UE implementation to decide when to stop searching for other candidate NR cells.
Proposal 8: The inter-RAT SFTD measurement configuration shall comprise:
· Carrier frequency
· SMTC period
· SCS of SSB
Proposal 9: For SFTD measurements not confined to gaps, the minimum interruption is 1 subframe at onset and 1 subframe at the end of the SFTD measurement. More interruptions shall however be considered to prevent unnecessary UE power consumption due to an idling radio receiver.
Proposal 10: For measurements not confined to gaps, SCH Ês/Iot ≥ -3dB, and competing NR measurements, the physical layer processing time shall be: TSFTD = [24] SMTCs.
Proposal 11: For measurements confined to measurement gaps, SCH Ês/Iot ≥ -3dB, and competing NR measurements, the physical layer processing time shall be: TSFTD = max([8] MGRP + [1] MGL, [8] SMTC).
Proposal 12: When inter-RAT SFTD measurements are carried out, and there are other NR measurements carried out in measurement gaps
· the inter-RAT SFTD measurement is allowed to utilize 50% of the measurement gaps,
· the L1 measurement periods of other measurements are extended  
Based on the proposals, we have drafted a CR on 3GPP TS 36.133 for introduction of inter-RAT SFTD measurement requirements [11], and an LS to RAN2 on desirable information in the inter-RAT SFTD measurement configuration and reporting message [12]. Moreover we are providing an LS to RAN1 on measurement definition on inter-RAT SFTD measurement [13].
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