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1 Introduction
This contribution discusses inter-RAT SFTD measurement for EN-DC capable UE  based on the agreed WF[1].
2 Discussion
Through the last RAN4 meeting, the following WF[1] was agreed.
	· 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


For measurement of inter-RAT SFTD, we consider 2 different RF receiver chains, such as a separated RF receiver chain and a shared RF receiver chain. In case of the separated RF receiver chain, measurement gap is not needed. On the other hand, in case of the shared RF receiver chain, measurement gap is needed. And we assume asynchronous EN-DC.

In asynchronous EN-DC, when PSCell is not yet configured, the following assumptions can be considered.
· E-UTRA PCell does not know DL timing reference of NR PSCell(SeNB)
· E-UTRA DL timing reference  = TE-UTRA_DL_REF
· NR DL timing reference  = TNR_DL_REF
· E-UTRA PCell(MeNB) is informed of SMTC information from NR PSCell(SeNB) 
· SMTC information

· SMTC period length

· SMTC window duration

· SMTC offset 
· The timing reference is not E-UTRA DL timing reference but NR DL timing reference

· E-UTRA PCell(MeNB) informs SMTC information to UE

· Informed SMTC timing reference to UE is based on E-UTRA DL

· E-UTRA PCell(MeNB) informs NR carrier frequency information to UE
· SMTC window duration based on the NR DL timing reference always includes SSB.

· Informed SMTC window duration to UE based on E-UTRA DL timing reference does not ensure to include SSB
· A separated NR RF receiver chain
For UE with separated NR RF receiver chain, measurement gap is not needed for inter-RAT SFTD measurement.  Only SMTC is available. Figure2-1 shows one example with some options for inter-RAT SFTD measurement.
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Figure 2-1. Inter-RAT SFTD measurement without measurement gap
If SMTC based on E-UTRA DL timing reference is configure with {SMTC window duration, SMTC periodicity} = {N, M}ms
· Option1

· UE performs measurement during configured SMTC window duration per SMTC periodicity
· Cell detection can fail with high probability if any SSB is not included within configured SMTC window duration based on MeNB timing reference

· Option2

· UE performs measurement during configured SMTC window duration with X time shift of SMTC window duration(X= 0, N, 2*N, …, M-N) per SMTC periodicity.
· Cell detection time is 
· SMTC window duration (N)* SMTC periodicity(M)  ms when SSB is located in (M-N) duration
· Option3

· UE performs measurement during configured SMTC window duration with X time shift of SMTC window duration(X= 0, N/2, N, …, (M-N)/2, M-N) per SMTC periodicity.

· Cell detection time is
· 2* SMTC window duration(N) * SMTC periodicity(M)  ms when SSB is located in (M-N) duration.  

· Probability of cell detection is expected to be higher than option2.

· Option4

· UE performs measurement during configured SMTC window duration per SMTC window duration.

· Cell detection time is

· SMTC periodicity(M)  ms when SSB is located in (M-N) duration.  

· Option5

· UE performs measurement during configured SMTC window duration per SMTC window duration with X time shift of SMTC window duration(X= 0, N/2) per SMTC periodicity.

· Cell detection time is

·  2* SMTC periodicity(M)  ms when SSB is located in (M-N) duration..  

· Probability of cell detection is expected to be higher than option4.

Here, we assume side condition is enough high so that cell is detected with one SMTC periodicity when SMTC window duration is aligned with SSB.
In aspect of shorter inter-RAT SFTD measurement time, option4 and option5 are better however these options need more power consumption in UE implementation aspects.  
· A shared NR RF receiver chain

For UE with shared NR RF receiver chain, measurement gap is needed for inter-RAT SFTD measurement.  SMTC is also helpful for it. Figure2-2 shows one example with 2 options for inter-RAT SFTD measurement.


[image: image2.emf]SMTC offset

MeNB

SeNB

?

SMTC offset at UE1,UE2,UE3

Measurement 

execution at UE1

SSB

SMTC

SMTC based on MeNB at UE

MG offset at UE1

MG offset at UE2

Measurement 

execution at UE2

MG offset at UE3

Measurement 

execution at UE3

Option1

Measurement 

execution at UE1

MG offset at UE1

MG offset at UE2

Measurement 

execution at UE2

MG offset at UE3

Measurement 

execution at UE3

Option2


 Figure 2-2. Inter-RAT SFTD measurement with measurement gap
If SMTC is configure with {SMTC window duration, SMTC periodicity} = {N, M}ms and MG is configured with {MGL, MG periodicity} = {L, P} based on E-UTRA DL timing reference,

· Option1

·  MeNB configures different MG offsets of X(X=0, N, 2*N, …, P-N) for different UEs respectively.

· Each UE performs measurement during SMTC window duration within configured each MGL.
· Cell can be detected at only UE which is configured with MGL including SSB(e.g. option1 UE2 in Figure2-2).

· if UE is configured with MGL including SSB, Cell detection time is 
· if SMTC periodicity  >  MG periodicity 

· SMTC periodicity(M) ms
· if SMTC periodicity  =  MG periodicity and MG is shared with E-UTRA inter-frequency measurement and/or other inter-RAT than NR.
· 2* SMTC periodicity(M) ms


· if SMTC periodicity  =  MG periodicity and MG is not shared with E-UTRA inter-frequency measurement and/or other inter-RAN than NR
· 1* SMTC periodicity(M) ms 


· if SMTC periodicity  <  MG periodicity and MG is shared with E-UTRA inter-frequency measurement and/or other inter-RAT than NR.
· 2*MG periodicity(P) ms


· if SMTC periodicity  <  MG periodicity and MG is not shared with E-UTRA inter-frequency measurement and/or other inter-RAT than NR.

· MG periodicity(P) 
ms
· Option2

·  MeNB configures different MG offsets of X(X= 0, N/2, N, …, (P-N)/2, (P-N)) to different UEs.

· Each UE performs measurement during SMTC window duration within configured each MGL.

· Cell can be detected at only UE which is configured with MGL including SSB(e.g. option2 UE3 in Figure2-2).

· if UE is configured with MGL including SSB, Cell detection time is same as option1
· Probability of cell detection is expected to be higher than option1
· Number of needed UEs is 2 times of option1. 

Here, we assume side condition is enough high so that cell is detected with one SMTC periodicity when SMTC window duration is aligned with SSB.

Above analysed cell detection time does not consider Rx beamforming. If Rx beamforming is considered, e.g, in FR2, the number of Rx beamforming should be multiplied to the cell detection time.

Based on the analysis, we provide our observations as follows,
Observation 1: For Inter-RAT SFTD measurement without measurement gap, related cell detection time is different depending on UE implementation.

Observation 2: For Inter-RAT SFTD measurement with measurement gap, related cell detection time is available for only UE which is configured with MGL aligned with SSB and is different depending on SMTC periodicity, MG periodicity and MG sharing.

Based on the observations, we would like to discuss whether the related requirement of inter-RAT SFTD is needed or not.

3 Conclusion
We analyzed inter-RAT SFTD measurement for EN-DC based on the agreed WF[1]. Based on the analysis, we provided our observations as follows,

Observation 1: For Inter-RAT SFTD measurement without measurement gap, related cell detection time is different depending on UE implementation.

Observation 2: For Inter-RAT SFTD measurement with measurement gap, related cell detection time is available for only UE which is configured with MGL aligned with SSB and is different depending on SMTC periodicity, MG periodicity and MG sharing.

Based on the observations, we would like to discuss whether the related requirement of inter-RAT SFTD is needed or not.
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