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1. Introduction

In RAN4#92bis, UE requirements for RSTD measurement were discussed, and following agreements are captured in the adhoc notes [1].

	On link level simulation

· Interested companies are to be provide link simulation assumptions in RAN4#93.

On PRS configuration for requirements

· Some aspects of the PRS configurations for which requirements are to be defined shall be limited. Details are FFS.

On frequency layer

· Definition of intra- and inter-frequency RSTD needs further discussion.

· Number of frequency layers which the UE is required to monitor is FFS
On reporting criteria

· 1 reporting criteria (Ecat = 1) per frequency layer for RSTD measurement. 

On measurement gaps and scheduling restriction
· RAN4 needs further investigation whether new gaps are needed or existing gaps are sufficient.

· Investigate whether all or some of the signals need to be restricted in the PRS symbols.
On report mapping
· Need further investigation on the resolution and its dependency on the PRS bandwidth. 

· Impact of the range wrt frequency range needs further investigation.

· Need further investigation on the maximum and minimum values and dependency on the FR. 


In this paper we will provide our views on UE RSTD measurement requirements.
2. Discussion
2.1. Measurement capability 
Measurement capability requirements are defined in terms of number of positioning frequency layers UE shall be able to measure, and number of TRPs, resource sets and resources per frequency layer UE shall be able to measure. 
In RAN1#98bis, the definition of a positioning frequency layer was agreed:

	Agreement:
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have

· the same SCS and CP type

· the same centre frequency

· the same point-A (already agreed)

· FFS: details on configured BW


It can be seen that the concept of positioning frequency layer is very similar to CSI-RS frequency layer, i.e. the resources on a frequency layer have same SCS, CP type, centre frequency and point-A. Regardless if resources on a frequency layer should have same BW or not, UE should be able to measure all the resources on a frequency layer at the same time (if all the resources fall within a measurement window) using the RF BW corresponding to the maximum BW among all the resources. RAN4 should follow this definition of frequency layer when defining the measurement capability requirements. 
Proposal 1: RAN4 should follow RAN1 conclusion on the definition of positioning frequency layer.
In LTE, PRS measurement are categorized into intra-frequency and inter-frequency, same as for RRM measurement, depending on whether the reference cell or the neighbor cell is with the same earfcn as the serving cell. In our view, such a categorization is not really suitable for RSTD measurement. 

First, PRS measurement is not configured via MO configuration but in the assistance data provided by LMF, and there is no association between assistance data and serving cell. Second, whether PRS is on the same frequency as serving cell (e.g. serving cell’s SSB) does not impact the PRS measurement performance. There may be different impact to the RRM measurement, but it can be discussed separately without defining a PRS measurement as intra- and inter-frequency. Third, the need for measurement gap for PRS measurement does not really depend on whether it is on the same frequency as serving cell, instead even for RRM measurement we have intra-frequency with gap, and we will have inter-frequency without gap.
Proposal 2: RAN4 does not define intra- and inter-frequency RSTD measurement related to serving cell.

In RAN1#98bis, it was agreed to study the number of positioning frequency layers, resource sets and resources that can be configured to the UE:

	Agreement:
· UE can be configured to measure DL PRS RSTD, UE Tx-Rx time difference, and DL PRS RSRP in up to X5 total number of DL PRS resources within

· Up to X1 positioning frequency layers

· FFS: X1

· Up to X2 TRPs per positioning frequency layer

· FFS: X2

· Up to X3 DL PRS resource sets per TRP

· FFS: X3

· Up to X4 DL PRS resources per PRS resource set

· FFS: X4

· FFS: X5


On number of positioning frequency layer, we think the number of configured frequency layers discussed in RAN1 may be different than the UE measurement capability discussed in RAN4. From signaling point of view, UE may be configured to measure X1 positioning frequency layers, but from capability point of view, UE may be required to measure X1’ (X1’<=X1) layers. Similarly, for RRM measurement, UE can be configured with up to 64 MOs, but UE is required to measure at least 7 NR carriers for SSB measurement.
Proposal 3: RAN4 should discuss UE measurement capability in terms of number of positioning frequency layers UE shall be able to measure.
On number of TRPs, we think RAN4 needs to discuss the number of TRPs as UE capability requirements, which is similar to the number (16) of cells in LTE. In RAN1#98, it was agreed that the RSTD is defined as the timing difference between two TRPs. Also, the positioning performance depends on how many TRPs with unique location are used for the positioning fix. RAN4 is currently working on system level simulations to evaluate the impact of number of TRPs on the positioning performance. The capability requirements should be defined based on the outcome of the simulation evaluation.
Proposal 4: RAN4 should discuss UE measurement capability in terms of number of TRPs per frequency layer UE shall be able to measure, based on system level simulations.

On the number of resource sets, we think RAN4 does not need to define UE capability requirements. As discussed in section 2.4, UE may be configured with multiple resource sets for a TRP, but since the RSTD is defined based on TRP, it should be up to UE implementation which resource set or sets to measure for the TRP pair, as long as the accuracy requirements are met. 

On the number of resources, we also think RAN4 does not need to define UE capability requirements. Multiple resources of a resource set are typically used to represent different Tx beams from a TRP, so UE has to measure all the resources of a resource set to determine the Tx beam with earliest timing of arrival. 
Proposal 5: RAN4 does not define UE measurement capability in terms of number of resource sets or resources.
2.2. Measurement period
The LTE measurement period requirements for RSTD is as below (taking intra-frequency requriements as example): 
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 is the cell-specific positioning subframe configuration period as defined in TS 36.211 [16],
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 ms is the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time.

Table 8.1.2.5.1-1: Number of PRS positioning occasions within 
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 f1 Note1
f1 and f2 Note2
160 ms

16
32

>160 ms

8
16

Note 1: When only intra-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1.

Note 2: When intra-frequency RSTD and inter-frequency RSTD measurements are performed over cells belonging to the serving FDD carrier frequency f1 and one inter-frequency carrier frequency f2, respectively. 




The LTE requirements should be used as the baseline for NR RSTD measurement period. One difference between LTE and NR is that in LTE the PRS occasions of different cells on the same frequency are time aligned, but there is no such assumption for NR. Instead, RAN1 has discussed at least from UE capability point of view the concept of measurement window. 
	Agreement:
A limit on the maximum number of DL PRS resources configured to the UE for all TRPs within a measurement window is defined.

· This limit can be signalled as a UE capability.

· FFS: the relationship of maximum numbers of DL PRS resources with the following factors

· the type of the measurement window, e.g., sliding window

· the maximum number of DL PRS OFDM symbols

· the maximum measurment bandwidths


If the measurement window is defined similar to SMTC window, it should be taken into account when defining the measurement period as UE is expected to measure only the PRS in the window. 
Proposal 6: Measurement period should be defined taking into the measurement window which is under discussion in RAN1.
The number of PRS resources in the measurement window should also be taken into account in determining the number of PRS occasions. In LTE requirements, the number of PRS occasions (M) was determined considering there may be PRS resources from 16 cells in a PRS occasion, and UE may not be able to process all of them per occasion, so there should be enough margin in number of occasions to make sure UE has enough samples to measure each cell, also taking into account the effect of muting and deep fading (which will make the PRS not available for measurement in low SINR). Similar considerations are needed to determine the measurement period requirements in NR. 
Proposal 7: Number of PRS occasions in measurement period requirements should take into account the number of PRS resources in the measurement window, the availability of PRS due to muting and fading.
2.3. Measurement gap and scheduling restriction
In RAN4#92bis, it was discussed whether measurement gaps are needed for RSTD measurement that cannot be done without measurement gaps. Although there was not much discussion in RAN4#92bis, as a common understanding, if the BW of PRS resources on a frequency layer does not fully fall in the UE active DL BWP, or if the SCS of the PRS resource on a frequency layer is different from the SCS of the serving cell, UE cannot measure the PRS without gaps. The question is whether UE should use measurement gaps to measure such frequency layer or use interruption.
In RAN4#92bis, some companies proposed that measurement gaps are not used if the centre frequency of the PRS is same as UE active DL BWP, but UE is allowed time period for RF re-tuning before and after the PRS occasion (or measurement window). The benefit claimed is that the PRS occasions are not limited by the measurement gap occasions. There are two issues for this proposal as far as we can see:

· One issue is that in order for the serving cell to know where UE needs re-tuning time, UE has to indicate the locations of PRS occasions it plans to measure to the serving cell. This can be a complex signalling compared to gap based measurement, where UE only indicates the requested gap offset.
· Another issue is the UE processing time. In LTE requirements, the measurement time for a single PRS positioning occasion which includes the sampling time and the processing time is 160ms or a multiple of 160ms. For NR a similar processing time needs to be defined. It means even the PRS occasions are not limited by measurement gaps, UE still needs some time before it can process the next PRS occasion, so the measurement gap fits better with typical UE implementation.
Therefore, we still prefer to use measurement gaps for measurement of positioning frequency layers where BW of PRS resources does not fully fall in the UE active DL BWP, or the SCS of the PRS resource is different from the SCS of the serving cell.
Proposal 8: Measurement gap is used for measurement of positioning frequency layers where BW of PRS resources does not fully fall in the UE active DL BWP, or the SCS of the PRS resource is different from the SCS of the serving cell. 
In RAN4#92bis, some companies proposed that UE is not assumed to receive PDCCH/PDSCH when measuring PRS. In theory, if the PRS fully fall within UE active DL BWP and the SCS of the PRS is same as the BWP, UE should be able simultaneously measure the PRS and receive PDCCH/PDSCH from the serving cell. However, PDCCH/PDSCH from serving cell will cause big interference to PRS, especially to the PRS from neighbour cells, which will reduce the number of visible TRPs. Therefore, we share the view that UE is not assumed to receive PDCCH/PDSCH during PRS measurement. RAN4 can further discuss how to define the scheduling restriction, e.g. if a measurement window similar to SMTC is defined, the restriction can be defined based on the window. 
Proposal 10: UE is not assumed to receive PDCCH/PDSCH during PRS measurement. Details of scheduling restriction are FFS.
2.4. Measurement accuracy and side conditions
In RAN1#98 it was agreed that multiple PRS resource sets can be configured per TRP, and the timing related measurements (RSTD and Rx-Tx time difference) are defined per TRP. It is then a question which resource set or sets should UE use to derive the measurement for the TRP. Actually, in LTE eMTC UE can already be configured with up to 3 PRS resources, but the feature is not well supported in RAN4 requirements, which were only defined for the case with a single PRS configuration per cell, due to time limit. In NR positioning, as multiple PRS resource sets per TRP is introduced from beginning, RAN4 should discuss how to reflect that in the requirements.
Our view is, as mentioned in section 2.1, that it should be up to UE implementation which resource set or sets are measured to obtain the RSTD for a TRP pair, as long as the measurement accuracy requirements are met. Since different resource sets may have different BW, comb size, repetition and muting, the achievable accuracy can be different for different resource sets. RAN4 should discuss which PRS resource set(s) should be used to derive the accuracy for RSTD for the TRP pair when multiple PRS resource set(s) are configured per TRP.
Proposal 11: RAN4 should discuss which PRS resource set(s) should be used to derive the accuracy for RSTD for the TRP pair when multiple PRS resource set(s) are configured per TRP.

A related discussion in RAN4#92bis is that the measurement requirements should be defined for a limit set of combinations. In LTE, the RSTD accuracy requirements are defined for 1.4MHz PRS with 6 PRS subframe PRS occasion and 20MHz with 1 PRS subframe per occasion, because these are combinations which give reasonable positioning performance. Same principle should be used for NR. As RAN4 is doing system level simulations, the outcome can be used to select the combinations.
Proposal 12: The accuracy requirements are defined for a limited set of combinations of PRS configuration (BW, comb, symbol number, repetition) and the side condition (SINR). The combinations should be determined from system level simulations.

2.5. Measurement report mapping
The measurement reporting for RSTD was also discussed in RAN4#92bis. It is a common understanding that the resolution of the report should be smaller in NR compared to LTE, which is with 1Ts resolution for absolute value of RSTD less or equal to 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts, because the time resolution from the PRS measurement is better with larger BW. 
The largest BW in NR is 400MHz, and the corresponding time resolution is 2.5ns. We propose the minimum resolution for NR RSTD report is 4Tc which is 2ns. When smaller PRS BW is used, the resolution for report should be increased accordingly in order to keep signalling overhead as small as necessary. For example, if the largest PRS BW for the RSTD measurement as indicated in the positioning session is 200MHz, the resolution can be 8Tc.

Proposal 13: the resolution of RSTD measurement reporting is 4Tc, and scaled with PRS BW.
3. Conclusions

In this paper we provided our views on UE RSTD measurement requirements.
For measurement capability
Proposal 1: RAN4 should follow RAN1 conclusion on the definition of positioning frequency layer.

Proposal 2: RAN4 does not define intra- and inter-frequency RSTD measurement related to serving cell.

Proposal 3: RAN4 should discuss UE measurement capability in terms of number of positioning frequency layers UE shall be able to measure.

Proposal 4: RAN4 should discuss UE measurement capability in terms of number of TRPs per frequency layer UE shall be able to measure, based on system level simulations.

Proposal 5: RAN4 does not define UE measurement capability in terms of number of resource sets or resources.

For measurement period
Proposal 6: Measurement period should be defined taking into the measurement window which is under discussion in RAN1.
Proposal 7: Number of PRS occasions in measurement period requirements should take into account the number of PRS resources in the measurement window, the availability of PRS due to muting and fading.

For measurement gap and scheduling restriction
Proposal 8: Measurement gap is used for measurement of positioning frequency layers where BW of PRS resources does not fully fall in the UE active DL BWP, or the SCS of the PRS resource is different from the SCS of the serving cell. 

Proposal 10: UE is not assumed to receive PDCCH/PDSCH during PRS measurement. Details of scheduling restriction are FFS.

For measurement accuracy
Proposal 11: RAN4 should discuss which PRS resource set(s) should be used to derive the accuracy for RSTD for the TRP pair when multiple PRS resource set(s) are configured per TRP.

Proposal 12: The accuracy requirements are defined for a limited set of combinations of PRS configuration (BW, comb, symbol number, repetition) and the side condition (SINR). The combinations should be determined from system level simulations.

For measurement report mapping
Proposal 13: the resolution of RSTD measurement reporting is 4Tc, and scaled with PRS BW.
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