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Introduction
In RAN4#94-e meeting, gNB requirements for NR positioning was discussed with agreements and WF captured in [1]. In this paper, we discuss some of the remaining issues regarding the optionality of gNB requirements, applicability, and report mapping tables. 
gNB accuracy requirements
For gNB accuracy requirements, the following agreements and WF were captured in [1]:
gNB Measurements for Accuracy Requirements:
· RAN4 shall define accuracy requirements for the following gNB positioning measurements:
· gNB Rx-Tx timing difference
· SRS-RSRP
· FFS whether to define accuracy requirements for:
· “UL RTOA” and/or “AoA / ZoA” measurements. 
· Companies are encouraged to bring analysis in the next RAN4 meeting.
Optionality of gNB accuracy requirements:
· gNB positioning measurement accuracy requirements are optional:
· FFS whether accuracy requirement for a positioning measurement supported by a gNB is also optional. 



In [2], companies provided their views on gNB accuracy requirements. One of the remaining issue now is whether UL RTOA and/or AoA/ZoA measurement requirements shall be defined in R16 framework for NR positioning. 
UL RTOA measurement has a significant synergy with gNB Rx-Tx timing difference measurement as also noted in RAN4#94-e email discussion. A concern that was raised by opponents of including UL RTOA measurement requirements in R16 framework was the complexities associated with synchronization of gNBs. In our view, this should not be any different than defining DL-TDOA requirements. While DL-TDOA requirements are still being discussed in RAN4, the LTE OTDOA performance requirements assumed a synchronization offset equal to 3us between eNBs consistent with the MRTD requirements for TDD and CA. UL RTOA measurement performance requirement can also follow suit.
Observation 1. Concerns related to synchronization requirements for gNB in UL RTOA measurement should not be any different than those in DL-TDOA in NR or OTDOA in LTE which didn’t prevent defining performance requirements for RSTD measurements. 
As for AoA/ZoA, we can agree that they can be deprioritized in R16 given the workload and remaining time for this WI.
Proposal 1. RAN4 to define accuracy requirements for UL RTOA measurement in R16 and deprioritize AoA/ZoA. 
On optionality of gNB accuracy requirements, it was suggested that accuracy requirements for a positioning measurement could be optional even for a gNB that supported that positioning measurement. We fail to understand the rationale behind this proposal. A gNB that cannot meet the accuracy requirements for a positioning measurement should simply declare itself incapable of supporting that positioning measurement. There is no point in defining measurement accuracy requirements in RAN4 if gNB would not meet them yet still would declare itself capable of supporting them. This, in our view, is irresponsible behavior that has little differentiation with not having any performance requirements at all. 
Some argued during email discussions that a combination of technologies and auxiliary measurements can help NW meet the final positioning requirements while accuracy requirements for each positioning method may not be individually met. In our view, using auxiliary measurements and technologies should only be the means for improving performance above the minimum requirements. And minimum requirements shall be met by gNB for each positioning measurement if it advertises supporting it. The same can be said for UE performance requirements. There is a minimum performance requirement that UE shall meet if the corresponding capability is set regardless of whether UE can employ alternative methods (e.g., Kalman filtering, gyro sensors) to improve performance. 
Proposal 2. gNB positioning measurement accuracy requirements are NOT optional if supported by a gNB. 
On scenarios for which the gNB accuracy requirements will be applicable, the following was captured in [1]:
Scenarios for gNB accuracy requirements:
· Following conditions and scenarios for gNB accuracies are FFS until next RAN4 meeting
· Side conditions e.g. SNR:
· Option 1: based on only serving cell and corresponding SNR level
· Option 2: based on only neighbor cell (e.g. SNR lower than in serving cell) and corresponding SNR level
· Common vs specific side conditions e.g. SNR:
· Option 1: same side conditions for different type of gNB measurements
· Option 2: side conditions specific to each gNB measurement
· Antenna configuration:
· Option 1: fixed antenna beams
· Option 2: other options not precluded
· RS pattern:
· SRS configuration: FFS
· PRS configuration: FFS
· BS type: 1-C, 1-H, 1-O, 2-O
· Option 1: accuracy depends on BS type
· Option 2: other options not precluded


The side condition for gNB measurements should be defined based on reliable hear-ability of SRS which is the reference signal for gNB measurements. In TS 36.111, side conditions for RTOA measurements are defined as:

The UL RTOA accuracy requirements for a UE not configured with CA are defined in Table 7.2.1-1, assuming one receive antenna at LMU. The reference measurement channel is as specified in Annex A and the propagation conditions are specified in Annex B.
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,


These side conditions are applicable regardless of serving or neighbor cells. In NR, side conditions for gNB measurements should follow suit and be applicable to any TRP (gNB) that satisfies SRS Es/Iot, Es/Noc, … . Moreover, RTOA or gNB Rx-Tx time difference are per-TRP measurements and does rely on a reference or serving cell. 
Proposal 3. Side conditions for gNB positioning measurements are defined in the same way as in TS 36.111 and applicable to any gNB (regardless of serving or neighbor).
As SRS is used for all gNB positioning measurements, the same side conditions can be used for all gNB measurements. The side condition determines the conditions in which the SRS can be reliably heard at the gNB. 
Proposal 4. Same side conditions to be defined for different gNB positioning measurements.
For antenna configuration, the performance equirements should not limit the applicability to fixed antenna beams as this is quite restrictive and not representative of real-life conditions. However, the performance test setting can be discussed further to be limited to fixed antenna beam as it may facilitate the verification of requirements. 
Proposal 5. Performance requirements shall not limit the applicability to fixed antenna beams. Performance test setting can be further discussed to use fixed antenna beam.
Finally, for RS patterns, we believe the same approach that was taken on the UE requirements should be followed. Core and performance requirements in RAN4 are agreed to be applicable to all valid PRS configurations. However, in the performance testing, a limited set of PRS/SRS configurations can be selected for conformance verification. 
Proposal 6. Similar to UE requirements, gNB performance requirements shall be applicable to all valid PRS and SRS configurations. For performance testing, a subset of such configurations can be selected for conformance verification. 
An issue that needs to be carefully considered in NR is the Timing advance (TA) consistency across the SRS transmissions. Consider the case that the UE reports several UE Rx-Tx timing difference measurement reports each associated with its respective timestamps during which two or more SRS slots are transmitted, and in between them, a TA MAC CE command is received from serving gNB, as shown in the figure below. If the neighboring TRPs attempt to average the channel energy responses across the successive SRS receptions, there will be an error due to the different timing advance between successive SRS transmissions. It is also noted that non-serving TRPs do not have a knowledge of TA value that was issued to UE.
[image: ]
Figure 1 TA update during gNB Rx-Tx time difference measurements
Proposal 7. The gNB Rx-Tx timing difference accuracy requirements are not applicable if UE changes its UL transmission timing in response to a TA command from serving gNB during the measurement. 

Measurement report mapping tables
For gNB Rx-Tx time difference and UL RTOA reporting mapping tables, the followings were captured [1]:
gNB Rx-Tx Time Difference Report Mapping:
· gNB Rx-Tx time difference report mapping is FFS until next meeting.
· Candidate options:
· Option 1: Reuse UE Rx-Tx time difference report mapping for defining gNB Rx-Tx time difference report mapping.
· Option 2: Reuse RSTD report mapping for defining gNB Rx-Tx time difference report mapping.
· Option 3: gNB Rx-Tx time difference report mapping is different than in options 1 and 2.


The definition of gNB Rx-Tx time difference in TS 38.215 is nearly identical to that of UE Rx-Tx time difference except for the direction (UL vs. DL) and reference signal (SRS vs. PRS). In our view, gNB Rx-Tx time difference report mapping table can be similar to that of UE Rx-Tx time difference (option 1). In [3], we discuss our proposals for Rx-Tx time difference report mapping table.
Proposal 8. Reuse UE Rx-Tx time difference report mapping for defining gNB Rx-Tx time difference report mapping. 
Conclusions
Observation 1. Concerns related to synchronization requirements for gNB in UL RTOA measurement should not be any different than those in DL-TDOA in NR or OTDOA in LTE which didn’t prevent defining performance requirements for RSTD measurements. 
Proposal 1. RAN4 to define accuracy requirements for UL RTOA measurement in R16 and deprioritize AoA/ZoA. 
Proposal 2. gNB positioning measurement accuracy requirements are NOT optional if supported by a gNB. 
Proposal 3. Side conditions for gNB positioning measurements are defined in the same way as in TS 36.111 and applicable to any gNB (regardless of serving or neighbor).
Proposal 4. Same side conditions to be defined for different gNB positioning measurements.
Proposal 5. Performance requirements shall not limit the applicability to fixed antenna beams. Performance test setting can be further discussed to use fixed antenna beam.
Proposal 6. Similar to UE requirements, gNB performance requirements shall be applicable to all valid PRS and SRS configurations. For performance testing, a subset of such configurations can be selected for conformance verification. 
Proposal 7. The gNB Rx-Tx timing difference accuracy requirements are not applicable if UE changes its UL transmission timing in response to a TA command from serving gNB during the measurement. 
Proposal 8. Reuse UE Rx-Tx time difference report mapping for defining gNB Rx-Tx time difference report mapping. 
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