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Introduction
In RAN#83, NR positioning WID was approved [1] to specify solutions to enable RAT dependent(for both FR1 and FR2) and RAT independent NR positioning techniques, including objectives of defining UE and gNB measurements. Last meeting saw much progress in this AI but there are still some open issues. In this contribution we continue discussion on unsettled aspects on measurements definition and provide our opinions correspondingly.
Discussion 
RSTD
On the definition of RSTD, down-selection work is needed to be finished this meeting:
“Agreement:
Select one (or more) of the following options for the definition of the RSTD
· Option 1: RSTD is defined as the time difference with respect to the subframe timings associated with the different TPs;
· Option 2: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resource sets of different TPs
· Option 3: RSTD is defined as the time difference with respect to the timings associated with the DL PRS resources of different TPs
· Note: Definition of the RSTD applies at least to the RSTD measurements obtained from DL PRS. It does not preclude the RSTD obtained from other DL RS.”
According to our understanding of PRS resource set, as described in our companion paper [2], the option 1 and option 2 are same in essence, so we just need to keep one and give a clear description. Just as we already explained in the past contribution [3], UE may not be able to actually receive every frame or subframe of each cell if PRS is transmitted in beam sweeping pattern, as shown in Figure 1. So we can not describe it as “when UE receives the corresponding start of frame or subframe”. What UE can do is just to infer the starting time of the frame or subframe according to the received PRS resources from different cells. UE usually can detect a set of beams, the first detected beam here is not of so much meaningful, what really matters is the LOS beam. Our understanding is that it could be left to UE implementation to choose the best way to measure RSTD and would not affect the definition. Compared to broadcasting pattern, the only difference is that we have multiple beams, we can treat them just as we treat the multi-paths in LTE and it does not affect the essential meaning of RSTD. 
For option 3, the problem is whether different RSTDs of different beams are useful. A typical picture of detected beams are also shown in figure 1, the height is the signal strength and the distance between each beam is relative time. In any OTDOA calculation algorithm, we always expect that the RSTDs are detected from LOS paths, even if they are not, still we hope the error caused by the NLOS path the smaller the better. Directly we can judge each beam’s RTOA and then know which beam had the shortest TOA. There is no doubt that the beam with the shortest TOA has the smallest NLOS-LOS error, yes, we do have many different pair of beams from different TRPs to give different RSTDs but the smallest one is always the best one. What need to be explained is that the RSTD here means the time difference that already subtracted the transmitting time offset of each beam. To take use of RSTDs from different beams which are bigger than that means we have to come up with a more reasonable value than the smallest value.  With the development of cloud computation and machine learning, we could not see it is totally impossible, but till now we haven’t see convincing proof that it is useful.
Proposal 1: Define the RSTD as the following definition and do not support option 3 until enough proof is given:
“The relative timing difference between the ng-RAN neighbour cell j and the NG-RAN reference cell i, defined as TPRSresourceRxj – TPRSresourcexi －Tbeamoffset, where TPRSresourceRxj is the time when the UE receives the start of one PRS resource from ng-RAN cell j; TPRSresourceRxi is the time when the UE receives the corresponding start of PRS resource from NG-RAN cell i that is closest in time to the PRS resource received from NG-RAN cell j. The reference point for the observed PRS resource time difference shall be the antenna connector of the UE. Tbeamoffset is the transmitting time offset between different detected beams.”
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Figure 1 PRS beam sweeping
RTOA
For UL, the situation is similar and can also be summarized as a down-selection work:
· Option 1: UL RTOA is defined with the respect to the subframe timing containing the UL PRS resources;
· Option 2: UL RTOA is defined with the respect to the timing of the UL PRS resource
· Option 3: UL RTOA is defined with the respect to the timing of the UL PRS resource set
Our opinion is same as RSTD, we do not see convincing usage of RTOA from different sources with different values, actually no matter it is detected from a signal through many paths or many clusters from many resources, the essential meaning is still same. 
Proposal 2: UL RTOA should be defined with the respect to the UL PRS(SRS) resource set. 
AOA
Generally, we also have three options in terms of AOA definition:
· Option 1: UL angle of arrival measurements is defined in terms of the estimated angle of a user with respect to a reference direction
· Option 2: UL angle of arrival measurements is defined in terms of the estimated angle of a UL PRS resource with respect to a reference direction
· Option 3: UL angle of arrival measurements is defined in terms of the estimated angle of a UL PRS resource set with respect to a reference direction
Different from RSTD and RTOA, the AOA definition before belongs to a cluster of multi-path channel, here is can be just perfectly transplanted to a narrow beam. Actually, just like different clusters from different paths, different beam can go through different route, an average AOA across different resources is meaningless.
Proposal 3: UL angle of arrival measurements is defined in terms of estimated angle of a UL PRS resource  with respect to a reference direction. 
Conclusion
Based on the discussion above, we have the following proposals:
Proposal 1: Define the RSTD as the following definition and do not support option 3 until enough proof is given:
“The relative timing difference between the ng-RAN neighbour cell j and the NG-RAN reference cell i, defined as TPRSresourceRxj – TPRSresourcexi －Tbeamoffset, where TPRSresourceRxj is the time when the UE receives the start of one PRS resource from ng-RAN cell j; TPRSresourceRxi is the time when the UE receives the corresponding start of PRS resource from NG-RAN cell i that is closest in time to the PRS resource received from NG-RAN cell j. The reference point for the observed PRS resource time difference shall be the antenna connector of the UE. Tbeamoffset is the transmitting time offset between different detected beams.”
Proposal 2: UL RTOA should be defined with the respect to the UL PRS(SRS) resource set. 
Proposal 3: UL angle of arrival measurements is defined in terms of estimated angle of a UL PRS resource  with respect to a reference direction. 
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