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1. Introduction

In RAN4#93, the report mapping for UE positioning measurements were discussed. The following agreements are captured in the WF [1].
	· RSTD reporting range

· The Max/Min reported values are same as in LTE for FR1 and FR2

· Maximum value of PRS-RSRP report mapping:

· Reuse the maximum valid value of the existing SS-RSRP report mapping (-44 dBm)

· Minimum value of PRS-RSRP report mapping:

· Investigate if the minimum value needs to be lower than the minimum value of the existing SS-RSRP report mapping

· Resolution of PRS-RSRP report mapping:

· Reuse the resolution of the existing SS-RSRP report mapping  (1 dB)


At the same time, RAN1 has also made some agreements on report mapping for UE/gNB positioning measurements, which are captured in the LS sent to RAN4 [2]. 

	RAN1 also made some progress on the reporting granularity for NR positioning measurements and reports. RAN1 would like to update the other working groups about this progress which is captured in the two agreements below. 

Agreement:
· The reporting granularity for the gNB angle measurements (AoA, ZOA) is defined as 0.1 degree. 

· RAN1 assumes that the details of the reporting granularity and ranges for the gNB angle measurements (AoA, ZoA) will be determined by RAN4.

· The reporting granularity for the set of angles [image: image2.png]
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 (downtilt angle) and [image: image6.png]


 (slant angle)  for the translation of the GCS to LCS is defined as 0.1 degree. 

· RAN1 assumes that the reporting granularity, the range of values and mapping for DL PRS RSRP and UL SRS RSRP measurements will be determined by RAN4

Agreement:
· The reporting granularity for the UE/gNB timing measurements (DL RSTD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) is defined as [image: image8.png]


, where k is a configuration parameter with a minimum value of at most 0.

· Note: RAN4 can determine if -1 can be a minimum value

RAN1 assumes that the details of the reporting granularity and ranges for the UE/gNB timing measurements (DL RTSD, the UE Rx-Tx time difference, UL RTOA, gNB Rx-Tx time difference) will be determined by RAN4, including the potential relation of the parameter k to DL PRS bandwidth.


In this paper, we will provide our views on the details of report mapping for UE/gNB positioning measurements.
2. Discussion
2.1. UE measurements
2.1.1. RSTD

In RAN4#93, it was agreed that UE RSTD report in FR1 and FR2 has the same range as in LTE, which is from -15391Ts to 15391Ts. The remaining issues to be decided include

· The minimum reporting granularity, whether it is Tc or 0.5*Tc

· RAN1 has agreed that the minimum reporting granularity is at most Tc, and it is up to RAN4 to decide if to introduce the 0.5*Tc as minimum granularity. In our view, 0.5*Tc is more forward compatible considering in Rel-17 techniques that can achieve higher accuracy will be introduced. 

· 0.5*Tc as minimum granularity for RSTD does not mean UE needs to meet more stringent accuracy requirements, i.e. the accuracy requirements should not depend on the reporting granularity.

· As the actual reporting granularity will be scaled by the configuration parameter k, the signaling overhead is well controlled by network implementation 

· Based on above, we support defining the 0.5*Tc as the minimum granularity.
· Whether and how the configured parameter k scales with PRS BW

· The configuration parameter k is used to control the signaling overhead as necessary. Typically the resolution of RSTD measurement is based on the PRS BW, e.g. with 20MHz BW PRS the timing resolution is 0.05us, so using a reporting granularity of 0.5ns will waste a lot of code points and thus unnecessary bits for reporting. 
· On the other hand, network is well aware of the PRS BW that is used for the RSTD measurement, so the exact scaling factor k can be determined by network implementation, and there is no need to additionally define the relation between the parameter k and PRS BW in the specification.

· Based on above, we see no need to specify the scaling of the configuration parameter k with PRS BW.

· Whether a larger granularity is defined for RSTD values larger than a threshold

· In LTE the granularity of RSTD reporting is 1Ts for absolute value of RSTD less or equal to 4096Ts and 5Ts for absolute value of RSTD greater than 4096Ts. In our view, same principle and also the threshold can be re-used for NR to save the signaling overhead for the reporting. 
Proposal 1: For RSTD report mapping,

· The minimum value for configuration parameter k is -1.
· Do not specify the scaling of the configuration parameter k with PRS BW.

· The granularity is Tc*2k for absolute value of RSTD <= 4096Ts, and 5*Tc*2k otherwise.
2.1.2. PRS-RSRP
In RAN4#93, the maximum value and the granularity for PRS-RSRP reporting were agreed, and the only remaining issue is the minimum value.

In our view the minimum value of SS-RSRP, i.e. -156dBm per SCS can also be re-used for PRS-RSRP. The value is re-used from LTE RSRP range, which was introduced for eMTC and NB-IoT. The SINR condition for eMTC and NB-IoT measurement is down to -15dB, which is similar to PRS measurement side condition. Also, based on our system level simulation, -156dBm is sufficient to cover enough number of TRPs based on which UE can get reasonable positioning accuracy.

Proposal 2: For PRS-RSRP report mapping, the minimum value is same as SS-RSRP.
2.1.3. UE Rx-Tx time difference
In LTE, similar to RSTD, two granularities are defined based on whether the Rx-Tx time difference is larger than 4096Ts (and 4096+624 Ts in case of TDD). We think this principle can also be used in NR. Although in LTE the exact granularity for RSTD and Rx-Tx time difference measurements are different, 
· For RSTD, it is 1Ts for RSTD <= 4096Ts, and 5Ts otherwise

· For Rx-Tx time difference, it is 2Ts for the difference <=4096Ts, and 8Ts otherwise
we think it is reasonable to use exactly same granularity for the two measurements in NR, as in NR they are both PRS based. Also, in [2] RAN1 does not make any differentiation between them. Therefore, we suggest to re-use the reporting granularity of RSTD for Rx-Tx time difference.
On the range of Rx-Tx time difference, in LTE it is defined as 0 to 20472Ts for FDD, and 624 to 21096Ts for TDD. 20472Ts corresponds to 100km distance between the UE and the eNB. However, it should be noted that in NR, unlike in LTE, the Rx-Tx time difference is also measured from neighbour cells. Also, the measurement is used for multi-RTT, which does not require synchronization between cells. Therefore, the range for Rx-Tx time difference should be [-0.5, + 0.5]ms.
Proposal 3: For UE Rx-Tx time different report mapping,

· Reporting range is from -15391Ts to +15391Ts.
· Reporting granularity is re-used from RSTD.

2.2. gNB measurements

2.2.1. UL-RTOA
UL-RTOA is gNB timing related measurement. In LTE, the report mapping for UL-RTOA is defined in section 8 of 36.111, and there is only a single granularity of 2Ts for the range of [0, 9600]Ts. 

· 9600Ts corresponds to a distance range of 100km, and we think the same range can be re-used for NR.

· According to RAN1 LS [2], the granularity should be same as UE timing related measurements. Also, same as in LTE, there is no need to define two granularities. 
Proposal 4: For UL-RTOA report mapping,

· Reporting range is from 0 to 9600Ts.
· Reporting granularity is Tc*2k for the whole range.
2.2.2. SRS-RSRP
SRS-RSRP measurement is taken by gNB of UE’s serving cell and also neighbor cells, so the SINR condition is similar to UL-RTOA. In LTE 36.111, the side condition for UL-RTOA is defined as
	The requirements apply under the following conditions:

●
SRS Ês/Iot  >= -16.9 dB,
●
Measured SRS Ês/Noc = -8 dB;

●
All interference and noise: AWGN,
●
Minimum Io -125.1 dBm/15kHz,

●
Maximum Io -50.0 dBm/BWchannel,


The minimum Io is -125.1 dBm/15kHz which gives approximately the lower bound of the SRS-RSRP. To simplify the specification, we suggest to also re-use the range and granularity of SS-RSRP for SRS-RSRP.
Proposal 5: For SRS-RSRP report mapping, the range and granularity of SS-RSRP are re-used.
2.2.3. gNB Rx-Tx time difference
gNB Rx-Tx time difference measurement is a timing related measurement, and according to RAN1 LS [2] the granularity should be same as other timing related measurements, i.e. Tc*2k. The range of gNB Rx-Tx time difference report should be same as for UE Rx-Tx time difference considering asynchronous scenario.
Proposal 6: For gNB Rx-Tx time different report mapping,

· Reporting range is from -15391Ts to +15391Ts.
· Reporting granularity is re-used from RSTD.
2.2.4. AoA/ZoA
For AoA/ZoA, RAN1 has agreed to use 0.1 degree granularity. For the range, AoA report mapping should cover from -180 degree to +180 degree, and ZoA should cover from 0 to +180 degree. 
Proposal 7: For gNB AoA/ZoA report mapping,

· Reporting range is from -180 degree to +180 degree for AoA and from 0 to +180 degree for ZoA.
· Reporting granularity is 0.1 degree.
3. Conclusions

In this paper we provided our views on the scope of reporting for UE/gNB positioning measurements.
Proposal 1: For RSTD report mapping,

· The minimum value for configuration parameter k is -1.
· Do not specify the scaling of the configuration parameter k with PRS BW.

· The granularity is Tc*2k for absolute value of RSTD <= 4096Ts, and 5*Tc*2k otherwise.

Proposal 2: For PRS-RSRP report mapping, the minimum value is same as SS-RSRP.
Proposal 3: For UE Rx-Tx time different report mapping,

· Reporting range is from -15391Ts to +15391Ts.
· Reporting granularity is re-used from RSTD.

Proposal 4: For UL-RTOA report mapping,

· Reporting range is from 0 to 9600Ts.
· Reporting granularity is Tc*2k for the whole range.
Proposal 5: For SRS-RSRP report mapping, the range and granularity of SS-RSRP are re-used.
Proposal 6: For gNB Rx-Tx time different report mapping,

· Reporting range is from -15391Ts to +15391Ts.
· Reporting granularity is re-used from RSTD.
Proposal 7: For gNB AoA/ZoA report mapping,

· Reporting range is from -180 degree to +180 degree for AoA and from 0 to +180 degree for ZoA.
· Reporting granularity is 0.1 degree.
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