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A UE in SA mode can support inter-RAT RSTD measurement. It was pointed out in [1] that the SFN of the LTE cell configured with OTDOA assistance data is needed to request gap for performing RSTD measurement. The SFN can be either provided via LPP in terms of SFN offset between the serving NR cell and the assistance data reference cell, or acquired by the UE by using autonomous gaps. Corresponding RRM requirement was endoresed in [2] in last RAN4 #88 meeting.
However, we found that UE may not be able to request gap properly even configured with SFN offset. In this contribution, we are going to elaborate the problem and propose some possible solutions to address it.
Discussion
Measurement gap is needed for performing inter-RAT RSTD measurement for a UE under SA mode. However, the NR serving cell may not be aware the UE is doing positioning business. For instance, the poisoning business is triggered by the positioning sever via LPP signalling. After receiving the LPP signalling, the UE would indicate its serving cell that it is going to start OTDOA RSTD measurement, which require measurement gaps. In this indication UE needs to indicate the network on the time location of PRS such that the network can configure measurement gaps properly. Take LTE procedure for example, measPRS-Offset is used to indicate the requested gap offset for performing RSTD measurements, as highlighted in yellow below:
RSTD-InterFreqInfo-r10 ::=		SEQUENCE {
	carrierFreq-r10					ARFCN-ValueEUTRA,
	measPRS-Offset-r10				INTEGER (0..39),
	...,
	[[	carrierFreq-v1090			ARFCN-ValueEUTRA-v9e0				OPTIONAL
	]]
	measPRS-Offset
Indicates the requested gap offset for performing inter-frequency or intra-frequency RSTD measurements. It is the smallest subframe offset from the beginning of subframe 0 of SFN=0 of the serving cell of the requested gap for measuring PRS positioning occasions in the carrier frequency carrierFreq for which the UE needs to perform the inter-frequency or intra-frequency RSTD measurements. The PRS positioning occasion information is received from upper layers. The value of measPRS-Offset is obtained by mapping the starting subframe of the PRS positioning occasion in the measured cell onto the corresponding subframe in the serving cell and is calculated as the serving cell's number of subframes from SFN=0 mod 40.
The UE shall take into account any additional time required by the UE to start PRS measurements on the other carrier when it does this mapping for determining the measPRS-Offset.
NOTE: Figure 6.2.2-1 illustrates the measPRS-Offset field.




Figure 6.2.2-1 (informative): Exemplary calculation of measPRS-Offset field.
Note that measPRS-Offset has a granularity of 1ms, which is in line with gapoffset in the MeasGapConfig. When we come to NR, the measurement gap offset is also defined with a granularity of 1ms (reduced to 0.25ms if considering mgta). So in order to configure measurement properly, i.e. make sure the gap can cover all the PRS occasions, network needs to know the offset between the boundary of its radio frame and the PRS occasions. 
[bookmark: _Ref525819653]Observation 1: network needs to know the offset between the boundary of its radio frame and the PRS occasions when configuring measurement gaps.
However, currently only SFN offset between the LTE cell and NR cell is provided to the UE, which has a granularity of 10ms. That means the UE would only know the SFN of the target LTE cell but have no idea where the frame boundary is. Thus the UE may not know boundary offset between the radio frame of its serving cell and the PRS occasions. Therefore, UE would still need to perform PSS/SSS detection to acquire the downlink timing of the target LTE cell, in order to calculate how much the gap offset should be. 
[bookmark: _Ref525819657]Observation 2: even configured SFN offset, the UE still needs to know the exact downlink timing of the target cell, in order to calculate the gap offset, before requesting measurement gap.

There could be several options to address this issue:
1) Option 1: the frame boundary offset is configured together with SFN offset.
Currently indication of SFN offset is already supported when configuring inter-RAT RSTD measurement. According to the above discussion, only SFN offset is not enough. The Frame boundary can also be indicated as well, such that UE can request gap from its NR serving cell by directly using these two offset provided via LPP.
2) Option 2: allow UE to perform PSS/SSS detection for the target LTE cell by using autonomous gaps.
In case the frame boundary offset is not provided, UE needs acquire itself. One thing needs to be highlighted is that if the UE is allowed to perform PSS/SSS detection by using autonomous gap, then the UE shall be allowed to drop some ACK/NACK feedback during the PSS/SSS detection procedure.

Note that the positioning server may not always be aware of the frame boundary offset between the reference LTE cell and the NR cell in reality. So even we go with option 1, sometimes UE may still need to perform PSS/SSS detection in autonomous gaps when the frame boundary is somehow not provided.
[bookmark: _Ref525819663]Proposal 1: request RAN2 to introduce frame boundary offset between NR and LTE cell in OTDOA configuration.

Therefore, when defining corresponding RRM requirement we need to consider the following scenarios:
a) Neither SFN offset nor frame boundary offset is provided
UE needs to perform PSS/SSS detection and PBCH reading by using autonomous gap. UE shall at least transmit [X1] ACK/NACK during this procedure.
b) Only SFN offset is provided
UE needs to perform PSS/SSS detection by using autonomous gap. UE shall at least transmit [X2] ACK/NACK during this procedure.
c) Only frame boundary offset is provided
UE needs to perform PBCH reading by using autonomous gap. UE shall at least transmit [X3] ACK/NACK during this procedure.
d) Both SFN offset and frame boundary offset are provided
In this case UE can directly request gap from the serving NR cell.

Therefore, RAN4 shall updated corresponding RRM requirement.
[bookmark: _Ref525819667]Proposal 2: inter-RAT RSTD measurement requirement shall be updated, by taking into account the following scenarios:
a) Neither SFN offset nor frame boundary offset is provided
b) Only SFN offset is provided
c) Only frame boundary offset is provided
d) Both SFN offset and frame boundary offset are provided

Conclusion
In this contribution we elaborate that only SFN offset is not enough to request gaps for perform inter-RAT RSTD measurement. After discussion the following observations and proposals are provided:
Observation 1: network needs to know the offset between the boundary of its radio frame and the PRS occasions when configuring measurement gaps.
Observation 2: even configured SFN offset, the UE still needs to know the exact downlink timing of the target cell, in order to calculate the gap offset, before requesting measurement gap.
Proposal 1: request RAN2 to introduce frame boundary offset between NR and LTE cell in OTDOA configuration.
Proposal 2: inter-RAT RSTD measurement requirement shall be updated, by taking into account the following scenarios:
a) Neither SFN offset nor frame boundary offset is provided
b) Only SFN offset is provided
c) Only frame boundary offset is provided
d) Both SFN offset and frame boundary offset are provided
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