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In RAN1 #102-e, some simulation scenarios and assumptions for NR positioning evaluation have been agreed as the following [1]. In this contribution, the remaining issues about additional scenarios for evaluation are discussed.
[bookmark: _Hlk38879917]Requirements
In the last RAN1 meeting, the target positioning requirements In Rel-17 has been discussed but not reach an agreement. The Agreement 1 which has been agreed in RAN1#101-e is as following:
	Agreement 1
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios


In the last meeting, the discussion about positioning requirements mainly includes whether the requirements should depend on different use cases and service level to be identified. As far as we are concerned, it has already been agreed that the requirement is independent with the specific use case in RAN1#101-e meeting. Otherwise, there is no need to have the note “Target positioning requirements may not necessarily be reached for all scenarios” for the agreement in RAN1#101-e. Different requirements for different use cases will likely require more discussion, which may be hard to accomplish due to the tight timeline.
In fact, based on Agreement 1, what need to be done is to down select the specific value of requirement.  For commercial use cases, we suggest the horizontal position accuracy <1m for 90% of UEs, the vertical accuracy <3m for 90% of UEs, end-to-end latency for position estimation of UE < 100ms, and Physical layer latency for position estimation of UE < 10ms. For IIoT use cases, there is a strong demand for high accuracy horizontal and vertical positioning. Considering some RAT-independent techniques such as sensor positioning can reach a high vertical accuracy, we suggest the horizontal position accuracy <0.2m for 90% of UEs, the vertical accuracy <1m for 90% of UEs, end-to-end latency for position estimation of UE < 100ms, and Physical layer latency for position estimation of UE < 10ms.
The other issue is that the target positioning requirements may not necessarily be reached for all scenarios. In our opinion, at least for commercial use cases, given that some RAT-independent techniques such as GNSS have already reached a sub-meter level positioning accuracy in outdoor scenarios, it is less demanding to reach such level positioning accuracy. Besides, those indoor deployment scenarios are more likely to demand sub-meter level positioning accuracy for the expected use cases. The target positioning requirements for commercial use cases are not necessarily be reached for UMa and UMi scenarios in Rel-17.
Proposal 1: 
· In Rel-17 the target positioning requirements should be independent of use cases and service level.
Proposal 2: 
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios.
Network efficiency
In the last meeting, the Agreement 2 has been agreed as following and what is included in resource utilization needs FFS.
	Agreement 2:
PRS/SRS resource utilization is the metric used to evaluate network efficiency
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]FFS: what is included in resource utilization, e.g. PRS/SRS/MG configurations, beam sweeping assumptions


The analysis of UE efficiency was evaluated in detail in our contribution [2]. For network efficiency, the following model can be used to evaluate the network efficiency, 
For FR1:



For FR2:


Therefore, if the network efficiency is based on PRS, at least the comb size, number of symbols, TRP number, PRS periodicity, resource repetition factor, muting pattern, numerology and beam sweeping assumptions of PRS should be included in resource utilization. If the network efficiency is based on SRS, at least the comb size, number of symbols, UE number, SRS periodicity, numerology and beam sweeping assumptions of SRS should be included in resource utilization.
It is noted that the above agreements take MG configurations as an example of PRS/SRS resource utilization.  The measurement gap is configured for a UE as the period that the UE may use to perform measurements. So it is a UE-Specific configuration which is configured in RRC signaling and transmitted in PDSCH. It will affect the UE efficiency but not network efficiency, as the MG configuration will affect UE behavior in the period. But from the network perspective, one UE conducting measurement does not prevent gNB from scheduling other UEs. In short, it may not be appropriateto have MG configuration in the evaluation of PRS/SRS resource utilization as a metric of network efficiency.
Observation 1: 
· It may not be appropriate to have MG configuration in the evaluation of PRS/SRS resource utilization as a metric of network efficiency considering it is a UE-Specific configuration and does not affect network scheduling.
Proposal 3: 
· For the network efficiency based on PRS, at least the comb size, number of symbols, TRP number, PRS periodicity, resource repetition factor, muting pattern, numerology and beam sweeping assumptions of PRS should be included in resource utilization.
· For the network efficiency based on SRS, at least the comb size, number of symbols, UE number, SRS periodicity, numerology and beam sweeping assumptions of SRS should be included in resource utilization.
Power consumption model
[bookmark: OLE_LINK22]In the last meeting, the conclusion is that the power consumption evaluation is up to each company. 
	Conclusion:
For power consumption evaluation, it is up to each company to detail their methodology (including power model) for evaluation.


In this section, we propose a quantitative power consumption evaluation model. This model can be used to evaluate how NR UE power consumption is affected by changes in the PRS configuration. It can also be used to compare different positioning schemes in terms of UE power consumption. In addition, since UE power saving study has been completed in Rel-16, and the conclusions and methods of that study have been captured in TR38.840 [4]; we can largely reuse their models and the methods when evaluating positioning power consumption, which greatly reduces the complexity of quantitative evaluation.
PRS measurement is similar to RRM measurement. There are some common points as below:
· Both PRS measurement and RRM measurement are RS-based measurement, one of which is PRS and the other is SSB or CSI-RS for mobility
· RSs to be measured can be from serving cell and neighboring cells
· Both support intra-frequency measurement and inter-frequency measurement. More specifically, in these two kinds of measurement, the concept of frequency layer is defined. In each frequency layers , UE measures RSs from multiple cells.
The power consumption model for RRM in clause 8.1.4 of TR38.840 can be referenced. In that model, the target signal is SSB. Therefore, for PRS measurement power consumption, we make the following assumptions.
General PRS measurements assumption
· Frequency range: FR1 has high priority
· Bandwidth: 100MHz/30kHz (connected mode); 20MHz/30kHz (idle mode)
· Periodicity: 160ms (connected mode); 1280ms (idle mode)
· RE mapping: Comb-6, 6 symbols
· 2 resources per TRP and 2 resources per slot 
· Repetition factor=8, time gap=1
· 1 positioning frequency layer is baseline
· 8 TRPs per frequency layer
Slot-avraged power  for single positioning frequency layer measurements
We list two tables for UE power consumption for measurement on a PRS slot in connected mode and idle mode, respectively.
Table 1 UE power consumption for PRS measurements in connected mode（100MHz）
	N: Number of TRPs for single frequency layer measurement
	Synchronous case
	Asynchronous case

	N=8
	610
	690

	N=4
	490
	570


Table 2 UE power consumption for PRS measurements in idle mode（20MHz）
	N: Number of TRPs for single frequency layer measurement
	Synchronous case
	Asynchronous case

	N=8
	96
	108

	N=4
	76
	88


In the above tables, all above values are slot-avraged power () in FR1. The synchronous case means actual PRS transmissions from TRPs are time-aligned, while the asynchronous case means actual PRS transmissions from TRPs are not time-aligned. The power values in the above tables are calculated and assumed based on the SSB power and scaling schemes in TR38.840.
Total power for single and multiple positioning frequency layers measurements
We can also refer to the model for inter-frequency RRM measurements in TR38.840 and make some minor changes.
In RAN1#100b-e, for UE processing multiple positioning frequency layers, the agreement is achieved as follow:
	Agreement:
UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported in Rel.16 (i.e. for a UE supporting multiple positioning frequency layers, a UE is expected to process one frequency layer at a time).


A UE is expected to process one frequency layer at a time. Therefore, we propose that, for frequency layer i, the power of PRS measurement is represented as:

where 
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i 
-     is the number of slot over which measurements are carried out 
-     is the power for measurement gap switching , where = Pt * Tt
-	Pt is the switching power consumption 
-	Assume micro sleep power for Pt which equals to 45 power unit
-	Tt is switching time (including switching on and off) for FR1 for measurement gap switching, which equals to 1ms (0.5ms*2)
-	If gap is not configured, gap switching power is 0
For Nf frequency layers, the total power is

It can be simplified to the following if Ei is the same across frequency layers (i.e. Ei = E for different frequency layers ).
 = E*Nf
Proposal 4: 
· The power consumption model  below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i
-     is the number of slot over which measurements are carried out
-     is the power for measurement gap switching
-     is total power for Nf frequency layers


Additional clutter parameters
In RAN1#101-emeeting, the clutter parameters {density [image: ][image: ], height [image: ][image: ],size [image: ][image: ]} for DH scenario has been agreed that {40%, 2m, 2m} is the baseline, {40%, 3m, 5m} and {60%, 6m, 2m} are the optional. We compare the LOS probability of the 3 clutter parameters as shown in Figure 1. It is obvious that with the clutter parameters {40%, 2m, 2m} and {40%, 3m, 5m}, 95% UEs have more than 4 LOS links. However, in a practical IIoT environment, there are lots of scenarios full of large goods shelves, assembly tools, and cranes (such as the figure1 in [3], which may lead to almost no LOS conditions. The baseline clutter parameters cannot provide the referable evaluation result apparently, which will lead to an over optimistic result whether the positioning accuracy requirements can be met in these NLOS scenarios.
So, to assess the positioning performance in these practical NLOS conditions, evaluating the accuracy of clutter parameter {60%, 6m, 2m} is very important. Although the tough requirement may be difficult to reach, at least we can identify the performance gap, which in turn can help to identify the necessary positioning performance enhancement in some demanding environment. Otherwise, the user experience and performance achievability will be impacted because of the negligence of practical NLOS scenario.
[image: ]
[bookmark: _Ref40188611][bookmark: _Ref40188607]Figure 1 the LOS probability with different clutter parameters
Proposal 5: 
· The clutter parameter {60%, 6m, 2m} should be evaluated to identify the performance gap with NLOS conditions.
Conclusion
In this contribution, we discuss additional scenarios for evaluation. We have the following observations and proposals :
Observation 1: 
· It may not be appropriate to have MG configuration in the evaluation of PRS/SRS resource utilization as a metric of network efficiency considering it is a UE-Specific configuration and does not affect network scheduling.
Proposal 1: 
· In Rel-17 the target positioning requirements should be independent of use cases and service level.
Proposal 2: 
· In Rel-17 target positioning requirements for commercial use cases are defined as follows:
· Horizontal position accuracy (< 1 m) for [90%] of UEs
· Vertical position accuracy (< [2 or 3] m) for [90%] of UEs
· End-to-end latency for position estimation of UE (< [100 ms])
· FFS: Physical layer latency for position estimation of UE (< [10 ms])
· In Rel-17 target positioning requirements for IIoT use cases are defined as follows:
· Horizontal position accuracy (< X m) for [90%] of UEs
· X = [0.2 or 0.5] m
· Vertical position accuracy (< Y m) for [90%] of UEs
· Y = [0.2 or 1] m
· End-to-end latency for position estimation of UE (< [10ms, 20ms, or 100ms])
· FFS: Physical layer latency for position estimation of UE (< [10ms])
Note: Target positioning requirements may not necessarily be reached for all scenarios.
Proposal 3: 
· For the network efficiency based on PRS, at least the comb size, number of symbols, TRP number, PRS periodicity, resource repetition factor, muting pattern, numerology and beam sweeping assumptions of PRS should be included in resource utilization.
· For the network efficiency based on SRS, at least the comb size, number of symbols, UE number, SRS periodicity, numerology and beam sweeping assumptions of SRS should be included in resource utilization.
Proposal 4: 
· The power consumption model  below for PRS measurement should be considered.
	For frequency layer i, the power of PRS measurement is represented as:

For Nf frequency layers, the total power is

where
-     is total power over slots over which measurements are carried out in frequency layer i
-     is the slot average power for PRS measurements in frequency layer i
-     is the number of slot over which measurements are carried out
-     is the power for measurement gap switching
-     is total power for Nf frequency layers


Proposal 5: 
· The clutter parameter {60%, 6m, 2m} should be evaluated to identify the performance gap with NLOS conditions.
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