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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In the approved LS from RAN2 to RAN4, R2-1804119 [1], more SFTD usage scenarios need to be discussed when PSCell is configured. In the agreed WF, R4-1803156 [2], some SFTD measurement details are still FFS. In this contribution, we discuss the issues listed in [1] and [2] by following structure:
· SFTD measurement when PSCell is configured 
· Interruption based SFTD measurement when PSCell is not configured
· Mechanism 
· Requirements
2     SFTD measurement when PSCell is configured
In R2-1804119 [1], the followings are approved.
RAN2 also received an LS R2-1804093 from RAN4 on further details concerning SFTD measurements.
In addition, RAN2 would like to understand the feasibility in the following cases
1. In case an NR PSCell is configured, determining SFTD for NR neighbour cells at a monitored carrier frequency (with an NR PSCell, or an NR SCG serving cell)
1. In case an NR PSCell is configured, determining SFTD for NR neighbour cells at a non-monitored carrier frequency  
1. SFTD measurements for NE-DC and NR-NR DC
Furthermore, in all feasible cases above, RAN2 also needs to understand any restriction in number of cells that the UE can consider.









In two mentioned cases in R2-1804119, PSCell has been configured. They are illustrated in Figure 1. 
· Case 1: When NR PSCell is configured, measure SFTD for NR neighbour cells at the frequency layer with NR PSCell or NR SCells. The key issue here is whether there is a timing drifting between NR PSCell and neighboring cells (blue arrow in Figure 1) If there is no such a timing drift, then UE will observe that the SFN and frame boundary offset between NR PSCell and neighboring cells is a constant, if we ignore the propagation delay may change as UE moves. If there is a timing drifting, then even the existing framework for intra-frequency measurement becomes infeasible. Because the SSB transmitted from all cells in this frequency layer should always be confined in a 5ms window, according to the current Spec. As a result, we think the timing drifting issue is not considered in this case. Without timing drifting, UE can measure the SFTD of neighboring cell based on the same framework of the existing intra-frequency RSRP/RSRQ/RS-SINR measurements, e.g., based on SMTC. 

· Case 2: When NR PSCell is configured, measure SFTD for NR neighbour cells at the frequency layer without NR PSCell or NR SCells. The same as above, whether to consider the timing drifting is still the main concern here (green arrow in Figure 1). If there is a random timing drifting between NR PSCell and neighboring cells, then it means there are timing drifting among LTE PCell, NR PSCell and neighboring cells in frequency f2. This is a very difficult case for network to configure SMTC and gap, as well as for UE to schedule its searcher across different NR frequency layers. As a results, we prefer that the timing drifting is not considered in this case, either.

[bookmark: _Ref510448278]Proposal 1: For both cases mentioned in agreed RAN2 LS [1], RAN4 requirements does not consider timing drifting between NR PSCell and neighboring cells.
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Figure 1: Cases introduced in R2-1804093
Given that the timing drifting is not considered in both cases, SMTC information of NR neighbour cell including SMTC timing offset and SMTC periodicity can be available at NW. With SMTC timing offset and SMTC periodicity, SFTD measurement complexity can be far reduced. 
[bookmark: _Ref510291833]Observation 1: For both cases mentioned in agreed RAN2 LS [1], SFTD measurement complexity can be far reduced if NW provides SMTC periodicity and timing offset NR neighboring cell.
•    NR neighbour cells at a monitored carrier frequency when NR PSCell is configured:
· Intra frequency SFTD measurement can be supported and the scope and corresponding requirements can be further discussed. The framework of intra frequency measurement can be reused, e.g., 
· SMTC is fully non-overlapped with measurement gap
· SMTC is partially non-overlapped with measurement gap
· SMTC is fully overlapped with measurement gap
•   NR neighbour cells at a non-monitored carrier frequency when NR PSCell is configured:  
· SFTD measurement is performed in measurement gap only. Interruption based solution is not needed.
[bookmark: _Ref508973899]Proposal 2: When NR PSCell is configured, SFTD measurement for non-monitored carrier frequency shall be performed in measurement gap only.
3     SFTD measurement when PSCell is not configured
UE may not able to do SFTD measurement if inter-RAT SFTD configuration is not supported in UE band combination capability. Inter-RAT SFTD measurement configuration is valid if SFTD measurement is treated as one configured NR CC and UE still supports this band combination.
[bookmark: _Ref508973905]Proposal 3: Inter-RAT SFTD measurement configuration is valid if SFTD measurement is treated as one configured NR CC and UE still supports this band combination. 
Success/failure indication had been agreed in inter-RAT SFTD measurement reporting. However, after Success/failure indication is reported, the UE behavior is still undefined. Because SFTD measurement is power consuming, introducing a limitation on SFTD measurement report amount when PSCell is not configured is preferred. In LTE, in case purpose is set to reportCGI or reportSSTD-Meas is set to true, reportAmount is set to 1. Therefore, reportAmount should be set to 1 for SFTD measurement when PSCell is not configured and UE can terminate the SFTD measurement no matter success or failure indication is reported.
[bookmark: _Ref510292400]Proposal 4: For power saving, reportAmount should be set to 1 for SFTD measurement when PSCell is not configured. UE can terminate the SFTD measurement no matter success or failure indication is reported.
3.1 	Interruption Based SFTD measurement mechanism
As shown below, SFTD reporting may be with RSRP in [2]. In this section, we provide our view on the mechanism of interruption-based SFTD measurement.
· Inter-RAT SFTD measurement reporting comprises
· PCID
· SFTD result
· Optional: RSRP 
· Success/failure indication





The whole measurement delay is divided in to 3 or 4 phases with the required time as following:
· ACG settling: TAGC
· PSS/SSS searching Tsearch
· MIB decoding: TMIB
· Optional: RSRP decoding: TRSRP
In other word, the whole delay (TSFTD) can be represented as:
TSFTD = TAGC + Tsearch + TMIB + TRSRP
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[bookmark: _Ref505688948][bookmark: _Ref505688877]Figure 2: Inter-RAT SFTD behavior in time 

· AGC tracking and cell search phase: Due to unknown SMTC timing, 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 and cell searching. Then UE turns off the RF chain for a certain period of time, as shown in Figure 2. 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 
· MIB decoding and RSRP phase: After cell search, the coarse timing of SMTC is available so that UE can turn on the RF at the correct timing when SSB comes and turn off the RF during the time when SSB is not transmitted. 
3.2	Requirements and Side Condition 
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 3: Required attempts to deal with arbitrary SMTC timing offset
For SFTD measurement when PSCell is not configured, we assume that the target cell was never measured before. In blind SCell activation, the SCell is never measured, either. The AGC adjustment requirement in blind SCell activation can be reused. 
[bookmark: _Ref510292247]Proposal 5: Reuse blind SCell activation TAGC requirement for TAGC requirement of SFTD measurement when PSCell is not configured.
The agreed SINR side condition is high enough so that cell searching can be completed individually in one shot and that MIB decoding can also be done in another one shot. 
Because SINR side condition is -3dB, one shot RSRP may be accurate enough in static channel. However, if one shot RSRP is adopted with SFTD reporting, the RSRP result is not robust due to time-varying channel. I.e. UE may sample the slot when channel is at deep fade. The concept of averaging over more samples has been captured in RSRP measurement period length is max (200ms, 5 x TSSB), where TSSB is the SSB burst periodicity of the target NR cell. To average the channel varying effect, we prefer averaged RSRP and reuse measurement period in intra frequency measurement without gaps, max (200ms, 5 x TSSB) 

[bookmark: _Ref510293466]Proposal 6: Adopt averaged RSRP and reuse measurement period in intra frequency measurement without gaps, max(200 ms, 5 x TSSB), where TSSB is the SSB burst periodicity of the target NR cell.

	Purpose
	Number of RF-ON period per SFTD measurement object
	Total time needed
per SFTD measurement object

	AGC settling (TAGC)
	[3] x TSSB /5
	[3] x 5 x TSSB

	Cell searching (Tsearch)
	TSSB /5
	5 x TSSB 

	MIB decoding (TMIB)
	1 
	TSSB

	Optional: RSRP measurement (TMIB)
	5
	max (200ms, 5xTSSB )

	Note: TSSB is the SMTC periodicity of the target cell.



	SFTD measurement delay
	Maximum number of UE
 RF-ON period 
	Maximum number of interruption
	Maximum time needed

	SFTD measurement without RSRP
(TSFTD= TAGC + Tsearch + TMIB)
	1+ [4] x TSSB /5 
	2 x (1+ [4] x TSSB /5)
	[21] x TSSB 

	SFTD measurement with RSRP
(TSFTD= TAGC + Tsearch + TMIB+ TRSRP)
	6+ [4] x TSSB /5
	2 x (6+ [4] x TSSB /5)
	[21] x TSSB 
+ max (200, 5 x TSSB )

	Note: TSSB is the SSB burst periodicity.
Note: All target cells in the layer can be measured by one SMTC occasion 


Table 1: Summary of total time needed for different phases
[bookmark: _Ref510293474]Proposal 7: The overall delay requirement for SFTD measurement without RSRP is [21] x TSSB.
[bookmark: _Ref510293480]Proposal 8: The overall delay requirement for SFTD measurement with RSRP is [21] x TSSB + max (200 ms, 5 TSSB ), where TSSB is the SSB burst periodicity of the target NR cell.
[bookmark: _Ref510293490]Proposal 9: There are 2x(1+[4]xTSSB /5) and 2x(6+[4]xTSSB /5) invisible interruptions in the SFTD measurement process for without RSRP and with RSRP, respectively.
[bookmark: _Ref508974281]Proposal 10: To reduce the RAN4 standardization load, interruption length in SCell addition/release can be dieectly applied for SFTD interruption length.
The side condition SINR >= -3 dB in core requirement was agreed. It only specifies the interference and noise at same frequency point. However, the interference from current serving cells to the frequency layer for SFTD measurement shall be addressed as well, e.g., conditions on reference sensitivity of target cell and PCell shall be fulfilled.  
[bookmark: _Ref508973958]Proposal 11: The interference from current serving cells to frequency layer for SFTD measurement should be considered.. 

4	Summary
Based on the discussion in section 2 and 3, we have the following observation and proposals:
Observation 1: For both cases mentioned in agreed RAN2 LS [1], SFTD measurement complexity can be far reduced if NW provides SMTC periodicity and timing offset NR neighboring cell.
Proposal 1: For both cases mentioned in agreed RAN2 LS [1], RAN4 requirements does not consider timing drifting between NR PSCell and neighboring cells.
Proposal 2: When NR PSCell is configured, SFTD measurement for non-monitored carrier frequency shall be performed in measurement gap only.
Proposal 3: Inter-RAT SFTD measurement configuration is valid if SFTD measurement is treated as one configured NR CC and UE still supports this band combination.
Proposal 4: For power saving, reportAmount should be set to 1 for SFTD measurement when PSCell is not configured. UE can terminate the SFTD measurement no matter success or failure indication is reported.
Proposal 5: Reuse blind SCell activation TAGC requirement for TAGC requirement of SFTD measurement when PSCell is not configured.
Proposal 6: Adopt averaged RSRP and reuse measurement period in intra frequency measurement without gaps, max(200 ms, 5 x TSSB), where TSSB is the SSB burst periodicity of the target NR cell.
Proposal 7: The overall delay requirement for SFTD measurement without RSRP is [21] x TSSB.
Proposal 8: The overall delay requirement for SFTD measurement with RSRP is [21] x TSSB + max (200 ms, 5 TSSB), where TSSB is the SSB burst periodicity of the target NR cell.
Proposal 9: There are 2x(1+[4]xTSSB /5) and 2x(6+[4]xTSSB /5) invisible interruptions in the SFTD measurement process for without RSRP and with RSRP, respectively.
Proposal 10: To reduce the RAN4 standardization load, interruption length in SCell addition/release can be dieectly applied for SFTD interruption length.
Proposal 11: The interference from current serving cells to frequency layer for SFTD measurement should be considered.
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