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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
 AS the agreement from previous RAN1#96bis meeting [1], the reference for RSTD may be one or more DL PRS resources indicated by the network. It was also agreed in RAN1#96bis meeting that the UE may use different DL PRS Resource ID or a different DL PRS Resource set for determining the reference for the RSTD measurement. This provides possibility for the UE to assure the quality of RSTD measurement for example by choosing a DL PRS resource with strong signal as the reference. 
The agreement made in RAN1#98 [2] defined the time difference for RSTD measurement below with respect to the received DL subframe timings associated with the different TRPs. Furthermore, multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. UE can be configured to report up to 4 DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets.
	Definition
	The relative timing difference between the neighbour cell j and the reference cell i, defined as TSubframeRxj – TSubframeRxi, where: TSubframeRxj is the time when the UE receives the start of one subframe from cell j TSubframeRxi is the time when the UE receives the corresponding start of one subframe from cell i that is closest in time to the subframe received from cell j. The reference point for the observed subframe time difference shall be the antenna connector of the UE. 

	Applicable for
	RRC_CONNECTED intra-frequency
RRC_CONNECTED inter-frequency
RRC_IDLE intra-frequency only applicable for NB-IoT UEs
RRC_IDLE inter-frequency only applicable for NB-IoT UEs


In this contribution, details on reduce overhead of RSTD measurement report are discussed.
2. Discussion on reducing overhead of RSTD measurement
When comparing NR to LTE, one of the most important differences is the support of multi-beam operation in NR FR2. For one TRP, a DL PRS resource set configured with multiple PRS resources can be used to support the multi-beam operation. Different transmit beam can be applied on different PRS resource of the same set, which are transmitted from the same TRP. UE can be configured to report up to 4 DL PRS RSTD measurements per pair of TRPs with each measurement between a different pair of DL PRS resources or DL PRS resource sets. For 4 RSTD measurements report per pair of TRP, there may be 2 options:
Option1: Report 4 RSTD measurements separately.
Option2: Report a full RSTD measurement and 3 additional differential RSTD measurements. 
For option1, in addition to full RSTD measurements between TRP pairs, for additional RSTD measurements, the report length might be very large at max as size of nr-RSTD * Num of AdditionalMeasurements * nrMaxTRPs = 16128 bits, where the size of nr-RSTD is assumed to be 21bits, the size of AdditionalMeasurements is assumed to be 3 bits and the size of nrMaxTRPs is assumed to be 256 bits which are provided by current discussion of the running CR of 36.355 [3][4].
Observation 1：Reporting additional RSTD measurements separately may cost large bit overhead on the same pair of TRPs.
Compared with option1, option2 can reduce more signaling overhead.
We randomly select a UE in UMi scenaios, and then we compare the ToA differences via 2 beams under one gNB coverage with good channel/path condition in 100 occasions. For the channel/path between the gNB and the UE is good (e.g., good link quality with LOS), the ToA results obtained by the UE through different 2 beam measurements are very close， as shown in Fig.1. The result shows the distribution of ToA difference from 2 beams, the X-axis represents the difference between the TOA of the two beams, and the Y-axis represents the number of times the TOA difference distributed in each interval among 100 times.  It can be seen that in scenarios with good channel situation, ToA measurements for different beams can be almost identical. Therefore, if the reference resource is determined, RSTD measurement for different beams are close. In this case, there is no need to report 2 full RSTD measurements from 2 beams.
[image: ]
Fig.1 Percentage of ToA differences of difference beams in good coverage
Observation 2：In scenarios with good channel situation, RSTD measurements across different beams can be close.
Considering a UE can be configured to report up to 4 DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets from the same pair of TRPs, we think it’s necessary for the network to enable efficient report by configuring UE to provide the relative difference of RSTD measurements for the same TRP pair. For example, instead of reporting two RSTD measurements with each has the full resolution (i.e. bit length), the UE can be configured to provide one full RSTD measurement and another differential RSTD (less number of bit than the full RSTD measurement) which itself is the difference between two RSTD measurements for the same TRP pair.
Proposal 1：When a UE is configured to report up to multiple DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE can be configured to report one full RSTD measurement and some additional differential RSTD measurement(s).
Ideally, RSTD reports from a UE corresponding to all configured DL PRS resources from multiple TRPs would provide the optimal positioning accuracy for the LMF. However, in reality, some of RSTD measurements and reports may be close to each other in some scenarios. For example, the difference between two RSTD reports corresponding to different PRS resources in a DL PRS resource set may be smaller than the RSTD resolution granularity such as the case shown in Fig.1. In such cases shown, one additional differential RSTD reports would not provide any meaningful improvement to the positioning accuracy. Therefore, it is desirable to specify some UE behavior/rules so that the UE can reduce RSTD report overhead while assure the final positioning accuracy. In our opinion, the additional differential RSTD measurement of a PRS resource may be not report if its value is smaller than the RSTD resolution granularity.
Proposal 2：The additional differential RSTD measurement of a PRS resource may be not report if its value is smaller than the RSTD resolution granularity.
3. Conclusion
Based on the discussion in section 2 we observe and propose the following:
Observation 1：Reporting additional RSTD measurements separately may cost large bit overhead on the same pair of TRPs.
Observation 2：In scenarios with good channel situation, RSTD measurements across different beams can be close.
Proposal 1：When a UE is configured to report up to multiple DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and those multiple measurements being performed on the same pair of TRPs, the UE can be configured to report one full RSTD measurement and some additional differential RSTD measurement(s).
Proposal 2：The additional differential RSTD measurement of a PRS resource may be not report if its value is smaller than the RSTD resolution granularity.
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