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1. Introduction
There were discussions in the last RAN4 meeting on SFTD measurement accuracy requirements [1-2]. Further discussion are needed to specify the requirements. In this contribution we provide our further views on how the SFTD measurement accuracy requirements should be defined.
2. Discussion

Accuracy requirement
The SFTD measurement definition as follows can be found in TS 38.215 [1].

	The observed SFN and frame timing difference (SFTD) between an E-UTRA PCell and an NR PSCell is defined as comprising the following two components:

-
SFN offset = (SFNPCell - SFNPSCell) mod 1024, where SFNPCell is the SFN of a E-UTRA PCell radio frame and SFNPSCell is the SFN of the NR PSCell radio frame of which the UE receives the start closest in time to the time when it receives the start of the PCell radio frame.
-
Frame boundary offset = 
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, where TFrameBoundaryPCell is the time when the UE receives the start of a radio frame from the PCell, TFrameBoundaryPSCell is the time when the UE receives the start of the radio frame, from the PSCell, that is closest in time to the radio frame received from the PCell. The unit of (TFrameBoundaryPCell - TFrameBoundaryPSCell) is Ts.



The SFTD measurement is quite similar to SSTD measurement which is to measure time difference between E-UTRA PCell and E-UTRA PSCell in dual connectivity operation in LTE. The SSTD measurement consists of three components which are SFN offset, frame boundary offset and subframe boundary offset. In SFTD measurement the frame boundary offset and subframe boundary offset are combined together so there are only two components which are SFN offset and frame boundary offset. In SSTD measurement the granularity of SFN offset and frame boundary offset are integer number of frames and subframes respectively and granularity of subframe boundary offset are in Ts which is time unit in LTE. In SFTD measurement the SFN offset is in the granularity of integer number of frames and frame boundary offset is in the granularity of Ts. 

For SSTD the accuracy requirement is derived based on measurement of subframe boundary offset. The accuracy requirement is actually based on the measurement accuracy of downlink timing reference. There is estimation error of downlink timing reference of PCell and PSCell, so the same error can be seen for the estimated SFTD. The estimation error of downlink timing reference is specified as timing accuracy requirement of initial uplink transmission. According to agreed way forward on SSTD measurement accuracy [5] the accuracy requirement is derived as follows.
	· Subframe timing boundary offset accuracy requirements are to be based on existing timing accuracy requirements for initial transmission, where for the neighbour cell/PSCell a DL system bandwidth of 1.4 MHz shall be assumed.
· Subframe timing boundary offset accuracy requirements are to take into account tolerances both for PCell and the neighbour cell/PSCell, as well as the bandwidth of the PCell.
· The UE requirements on accuracy of estimated Subframe timing boundary offset between PCell and a candidate PSCell shall depend on the bandwidth of the PCell (reference cell), e.g.
· ±48Ts (±1.6µs) when the DL system bandwidth of the PCell is 1.4 MHz, and
· ±36Ts (±1.2µs) when the DL system bandwidth of the PCell is 3 MHz or wider.
· The requirements on accuracy of estimated Subframe timing boundary offset is to be applicable under the side condition Ês/Iot ≥ -3dB. 



By considering implementation margin of 4 Ts the final SSTD measurement accuracy requirement is specified as ±40Ts if both the bandwidth of PCell and PSCell is larger than 3MHz and as ±52Ts if any of the bandwidth of PCell and PSCell is smaller than 3MHz. For the specified EN-DC band combinations, the supported bandwidth of E-UTRA band is no less than 5MHz, so only accuracy requirement for bandwidth larger than 3MHz should be specified. In other words, the accuracy requirement is not relevant to the bandwidth of E-UTRA PCell.
For SFTD measurement similar accuracy requirement should be specified for measurement of frame boundary offset. The mechanism that SSTD subframe boundary offset accuracy requirement is based on existing timing accuracy requirements of initial uplink transmission can also be used to derive SFTD measurement accuracy. The difference is that in SFTD measurement the timing difference is between E-UTRA PCell and NR PSCell.  The timing accuracy requirements of initial uplink transmission of NR PSCell is different from that of E-UTRA PCell. It is not relevant to bandwidth but it is relevant to subcarrier spacing of SSBs and uplink signals. The timing error requirements are specified in TS 38.133 [3] as follows in Table 2.
Table 1. Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	[12]*64*Tc

	
	
	30
	[10]*64*Tc

	
	
	60
	[10]*64*Tc

	
	30
	15
	[8]*64*Tc

	
	
	30
	[8]*64*Tc

	
	
	60
	[7]*64*Tc

	2
	120
	60
	[3.5]*64*Tc

	
	
	120
	[3.5]*64*Tc

	
	240
	60
	[3]*64*Tc

	
	
	120
	[3]*64*Tc

	Note 1:

Tc is the basic timing unit defined in TS 38.211

Editor’s note: The final values of Te for 120KHz SSB SCS are subject to further discussions in further meeting, and may not be outside 3*64*Tc to 3.5*64*Tc.


From downlink timing estimation error point of view the factor that should be considered is subcarrier spacing of SSB signals. The worst case for different subcarrier spacing of uplink signals should be used. 
It is noted Frame boundary offset = 
[image: image2.wmf]ë

û

5

/

)

T

(T

aryPSCell

FrameBound

aryPCell

FrameBound

-

 which means the reported frame boundary offset is timing difference between E-UTRA PCell and NR PSCell divided by 5. Accordingly the accuracy of reported frame boundary offset should also be the accuracy of estimated timing difference between E-UTRA PCell and NR PSCell divided by 5. For example if frame boundary of PCell and PSCell are well aligned, the estimated frame boundary timing difference would be 40Ts due to estimation error. Then the reported frame boundary offset is 8Ts. However from accuracy requirement point of view it is no difference no matter the requirement is specified for measured timing difference of frame boundary or reported frame boundary offset. To keep consistency with SSTD measurement accuracy requirements, it would be better to specify accuracy requirements for measured timing difference of SFN and frame boundary offset.
Following the same mechanism to derive SSTD measurement accuracy requirement, the SFTD accuracy requirements can be derived. There was comment in the last meeting that 0.5Ts may not need to be considered. As the reported frame boundary offset is in the granularity of Ts it is reasonable not to define requirement with 0.5Ts. With aforementioned discussion the accuracy requirements for SFTD measurement is proposed.

Proposal 1: The accuracy requirements of estimated frame timing boundary offset between E-UTRA PCell and an NR PSCell or candidate NR PSCell is defined as in Table 2.
Table 2. The accuracy of frame boundary timing difference estimation

	Ês/Iot (dB)
	SCS of SSB signals of NR PSCell (KHz)
	Accuracy of TFrameBoundaryPCell - TFrameBoundaryPSCell  (Ts)

	(-3 dB
	15
	[28]

	
	30
	[24]

	
	120
	[20]

	
	240
	[19]

	NOTE:
Ts is the basic timing unit defined in TS 36.211.


The SFTD measurement core requirements are specified for Ês/Iot = -3dB so it is straightforward to use the same side condition for accuracy requirement.
Proposal 2: The requirements on accuracy of estimated frame timing boundary offset is to be applicable under the side condition Ês/Iot ≥ -3dB.

Side conditions
Since the SFTD measurement is to measure time difference between E-UTRA PCell and NR PSCell, the side conditions for both cells should be specified. It was proposed to define accuracy requirements and Io conditions for all the introduced DC combinations by which being included in the accuracy requirements table [4]. It may not be so necessary and would require a lot of maintainance effort. As it was already specified in the core requirements that SFTD measurement is only applicable for the band combination it supports, it is preferable to define Io conditions the same as for other RRM accuracy requirements, which is defined for different operation band groups. 
In our view the SFTD measurement is no difference than RRM measurement in terms of Io conditions. So MSD is not needed to be considered in the Io conditions.
Proposal 3: Io conditions is specified for different operating band groups.
SFTD report mapping
The SSTD measurement report mapping table is specified is TS36.133. However for SFTD measurement RAN2 already specified granularity of measurement reporting in TS 38.331 [4] as follows.
-- ASN1START

-- TAG-MEASRESULT-CELL-LIST-SFTD-START

MeasResultCellListSFTD ::=


SEQUENCE (SIZE (1..maxCellSFTD)) OF MeasResultCellSFTD

MeasResultCellSFTD ::=
SEQUENCE {


physCellId






PhysCellId,


sfn-OffsetResult




INTEGER (0..1023),


frameBoundaryOffsetResult


INTEGER (-30720..30719),


rsrp-Result






RSRP-Range





OPTIONAL
}

-- TAG-MEASRESULT-CELL-LIST-SFTD-STOP

-- ASN1STOP

Therefore there is no need to specify SFTD measurement report mapping requirements in TS 36.133.
Proposal 4: No SFTD measurement reporting mapping requirement is needed.

3. Conclusion

In this contribution, we further provide our views on UE measurement capabilities in NR. Based on the observations following proposals are present.

Proposal 1: The accuracy requirements of estimated frame timing boundary offset between E-UTRA PCell and an NR PSCell or candidate NR PSCell is defined as in Table 2.
Table 2. The accuracy of frame boundary timing difference estimation

	Ês/Iot (dB)
	SCS of SSB signals of NR PSCell (KHz)
	Accuracy of TFrameBoundaryPCell - TFrameBoundaryPSCell  (Ts)

	(-3 dB
	15
	[28]

	
	30
	[24]

	
	120
	[20]

	
	240
	[19]

	NOTE:
Ts is the basic timing unit defined in TS 36.211.


Proposal 2: The requirements on accuracy of estimated frame timing boundary offset is to be applicable under the side condition Ês/Iot ≥ -3dB.
Proposal 3: Io conditions is specified for different operating band groups.
Proposal 4: No SFTD measurement reporting mapping requirement is needed.

A companion CR for SFTD measurement accuracy requirements is provided in [4].
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