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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the approved LS, R4-1801080, ``no new gap patterns in Rel-15 will be defined for SFTD measurements of NR cells when EN-DC is not configured’’ is agreed. In this contribution, to deal with unknown SMTC offset, an interruption based solution is proposed. We also discuss the following issues listed in [1]
· Reporting delay requirement and Side Condition on SINR
· Criterion for which cell to report
2     	Discussion on Interruption Based Solutions 
NW may not be able to provide full SMTC assistance information to UE for SFTD measurement before PSCell configured. Then fundamental reason is that there is an unknown and drifting timing difference between system frame #0 in LTE PCell and NR neighbour cell(s). Therefore, even though the PCell knows perfectly frame and slot index with SSB transmitted in the NR neighbour cell, the LTE PCell still doesn’t know how to configure the SMTC information to help UE efficiently find the SSB. 
To deal with the unknown SSB timing location, 2 alternatives were mentioned in last meeting: measurement gap based and interruption based solutions. In our understanding, single existing measurement gap configuration is infeasible because PCell cannot guarantee that a single gap will cover the NR SSB. The PCell needs to request multiple UEs with different gap offsets for SSB searching, which is problematic when the cell has only few UEs with this capability. Or the PCell needs to frequently re-configure new gap offsets of a UE, which results in high overhead of RRC re-configuration signalling and RRC processing time. On the other hand, interruption based solution can allow a single UE to search the SSB at arbitrary time with the cost of additional RF chains in UE and scheduling interruptions to network. Table 1 summarizes the comparison between measurement gap based and interruption based solution. In our opinion, interruption based inter-RAT SFTD measurement is preferred when PSCell is not configured.
[bookmark: _Ref505695664]Proposal 1: Consider interruption based inter-RAT SFTD measurement when PSCell is not configured.

	Solution
	Pros and cons

	Measurement gap based
	1. It is not guaranteed that a single gap will cover the unknown NR SSB timing location
2. Problematic for cells with few UEs. 
3. May lead to high overhead of RRC re-configuration signalling and RRC processing time

	Interruption based 
	1. May need additional RF chain 
2. Single RRC configuration on SFTD measurement to single UE is feasible 


Table 1: Comparison between measurement gap based and interruption based solutions

2.1 	Interruption Based SFTD measurement mechanism
In this section, we provide our view on the mechanism of interruption-based SFTD measurement. The whole measurement delay is divided in to 3 phases with the required time as following:
· ACG settling: TAGC
· PSS/SSS searching Tsearch
· MIB decoding: TMIB
In other word, the whole delay (TSFTD) can be represented as:
TSFTD = TAGC + Tsearch + TMIB
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[bookmark: _Ref505688948][bookmark: _Ref505688877]Figure 1: Inter-RAT SFTD behavior in time 

In each phase, the time duration is further divided into multiple basic time units, as illustrated in Figure 1.
In each basic time unit, UE turns on its RF chain for roughly 5ms for AGC tuning, cell searching or MIB decoding and then turns off the RF chain for a certain period of time, as shown in Figure 1. We suggest the following parameters for a basic time unit: 
· Duration: [25] ms
· RF-ON period: at least [5] ms + [4] OFDM symbols with 15KHz SCS. 
· Interruption to LTE serving cells, referenced by PCell timing: 
· [X] subframes before RF-ON period
· [X] subframes after RF-ON period
· X depends intra-band contiguous, intra-band non-contiguous, or inter band
[bookmark: _Ref506199968]Proposal 2: RAN4 can further study the time length of interruption for different scenarios, e.g., intra-band EN-DC and inter-band EN-DC.
2.2	Requirements and Side Condition on Operating SINR
The reason of choosing duration 25ms for the basic time unit is to guarantee that the RF-ON period will cover an arbitrary SSB timing location by repeating itself again and again. As illustrated in Figure 2, 4 basic time units are enough for the SSB with periodicity 20ms. There are 4 RF-ON periods in the 4 basic time units:
· 1st RF-ON period 
· Covers 0 to 5ms in Figure 2(a) 
· Can be used to discover the SSB with offset 0 to 5ms, as in Figure 2(b)
· 2nd RF-ON period 
· Covers 25 to 30ms in Figure 2(a) 
· Can be used to discover the SSB with offset 5 to 10ms, as in Figure 2(b)
· 3rd RF-ON period 
· Covers 50 to 55ms in Figure 2(a) 
· Can be used to discover the SSB with offset 10 to 15ms, as in Figure 2(b)
· 4th RF-ON period 
· Covers 75 to 80ms in Figure 2(a) 
· Can be used to discover the SSB with offset 15 to 20ms, as in Figure 2(b)
In general, we need TSSB/5 basic time units for the SSB with periodicity TSSB.
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Figure 2: Required attempts to deal with arbitrary SMTC timing offset
To reduce overall reporting delay, the SINR side condition should be high enough so that cell searching and MIB decoding all can be completed individually in one shot. With high enough SINR side condition, the total time needed for each phase is summarized in Table 2.
	Purpose
	Number of basic time units (25ms) required
	Total time needed

	AGC settling (TAGC)
	TSSB /5
	5 x TSSB

	Cell searching (Tsearch)
	TSSB /5
	5 x TSSB

	MIB decoding (TMIB)
	TSSB /5
	5 x TSSB

	SFTD measurement 
(TSFTD= TAGC + Tsearch + TMIB)
	3 x TSSB /5
	15 x TSSB

	Note: TSSB is the SSB burst periodicity.


 
Table 2: Summary of total time needed for different phases
[bookmark: _Ref505695676][bookmark: _Ref506196492]Proposal 3: The SINR side condition should be high enough so that cell searching and MIB decoding all can be completed individually in one shot.
[bookmark: _Ref505695700][bookmark: _Ref506196512]Proposal 4: The overall delay requirement for SFTD measurement is [15 x TSSB], where TSSB is the SSB burst periodicity of the target NR cell.
Since that there are total 3 x TSSB /5 basic time units required for SFTD measurement and that 2 interruptions are needed in each basic time unit, there are 6 x TSSB /5 interruptions in the duration of 15 x TSSB. To allow UE implementation flexibility, we prefer invisible interruptions. Invisible interruptions can allow some advanced UE to extend its RF-ON period to reduce the overall reporting delay. 
[bookmark: _Ref505695685][bookmark: _Ref506196522]Proposal 5: There are [6 x TSSB /5] invisible interruptions in the SFTD measurement process. 
2.3      SFTD Reporting 
SFTD measurement is one power consuming procedure. In real field, UE may encounter the following two situations.  And UE behaviour shall be defined with considering minimizing UE power consumption.
· Situation 1: No cell is found
· SFTD is NOT a persistent procedure. Once reporting delay is expired, UE reports ``no cell found’’ and then terminates SFTD measurement procedure for power saving. 
· Situation 2: Multiple cells are detected
·  Only one strongest cell is reported
[bookmark: _Ref505695748]Proposal 6: Once reporting delay is expired and there is no cell found, UE can report ``no cell found’’ and terminate SFTD measurement procedure for power saving
[bookmark: _Ref505695731][bookmark: _Ref506200009]Proposal 7: If multiple cells are detected, UE report one strongest cell.
3	Summary
Based on the discussion in section 2, we have the following proposal:
Proposal 1: Consider interruption based inter-RAT SFTD measurement when PSCell is not configured.
[bookmark: _GoBack]Proposal 2: RAN4 can further study the time length of interruption for different scenarios, e.g., intra-band EN-DC and inter-band EN-DC.
Proposal 3: The SINR side condition should be high enough so that cell searching and MIB decoding all can be completed individually in one shot.
Proposal 4: The overall delay requirement for SFTD measurement is [15 x TSSB], where TSSB is the SSB burst periodicity of the target NR cell.
Proposal 5: There are [6 x TSSB /5] invisible interruptions in the SFTD measurement process.
Proposal 6: Once reporting delay is expired and there is no cell found, UE can report ``no cell found’’ and terminate SFTD measurement procedure for power saving
Proposal 7: If multiple cells are detected, UE report one strongest cell.
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