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[bookmark: _Ref528762725]1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]According to the SID[1],  one objective of Rel-17 NR positioning enhancements is:
	1. Study enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically (I)IoT use cases as exemplified in section 3 above (Justification)):
a. Define additional scenarios (e.g. (I)IoT) based on TR 38.901 to evaluate the performance for the use cases (e.g. (I)IoT). [RAN1]
b. Evaluate the achievable positioning accuracy and latency with the Rel-16 positioning solutions in (I)IoT scenarios and identify any performance gaps. [RAN1]	
c. Identify and evaluate positioning techniques, DL/UL positioning reference signals, signalling and procedures for improved accuracy, reduced latency, network efficiency, and device efficiency.
Enhancements to Rel-16 positioning techniques, if they meet the requirements, will be prioritized, and new techniques will not be considered in this case. [RAN1, RAN2]


In this contribution, we provide some analysis and discussion on potential solutions for reduced latency, network efficiency, and device efficiency.
2 Discussion
2.1 Reduced Latency
In last RAN1#101-e meeting, the agreements were reached on the requirements for NR Positioning enhancement, including end-to-end latency for positioning, network efficiency and UE efficiency, which are shown as below：
	Agreement:
· 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 traditional positioning technology, the bottleneck of end-to-end latency is mainly from the estimation delay of physical layer. According to the above agreements, if RAN1 introduces an enhancement to existing positioning technology in R17 that could meet < [10ms] physical layer latency requirement, it would bring much impact on high layer signaling procedure, network architecture for positioning service, that is, the effect of high layer signaling on the whole end-to-end latency needs to be further evaluated under the premise of the optimization from RAN1.
Proposal 1: RAN2 to evaluate and analyze the delay impact on the whole end-to-end positioning latency from high layer signaling procedure and network architecture perspective.
To meet the higher end to end positioning latency requirement, in addition to relying on the enhancement from RAN1, from high layer point of view, establishing a complete latency analysis model is also beneficial to further optimize signaling procedures and reduce intermediate steps.
The following example of OTDOA illustrates a complete positioning signaling procedure that can be as a typical model for subsequent latency analysis and signaling optimization.



Figure 1: An example of OTDOA positioning signaling procedure
According to the above figure, the positioning procedure can be divided into the following phases:
· Phase I: Before UE successfully receives a LPP message including location measurement request from LMF.
· Phase II: Time consumed by related RRC procedure used to assist UE to make location measurement.
· Phase III: Time taken for UE to make location measurement.
· Phase IV: After UE has successfully send the a LPP message including location measurement result towards network (Note: The phase includes the time of position calculation in LMF).
Based on the latency model, phase III is mainly from the evaluation results of the RAN1, while the latency contribution of other phases needs further evaluation from the high layer. 
Therefore, it is proposed for RAN2 to establish a complete latency analysis model to further evaluate the achievable positioning latency with the Rel-16/17 positioning solutions.

Proposal 2: It should be based on a typical latency analysis model to evaluate the achievable positioning latency with the Rel-16/17 positioning solutions.
According to TR 38.855, to achieve low latency and high-performance location estimates, an example on support of location management functionality in NG-RAN is shown in the following figure, which involves a location management component (LMC) in NG-RAN:

[image: ]
Figure 2: Architecture option of location management functionality in NG-RAN
According to above the latency model, the positioning latency analysis of the location management functionality within the NG-RAN was shown in the following table：
	
	Steps of OTDOA procedure
	R16 architecture Latency
	Local LMF architecture Latency

	Phase I
	1. Location request
	5ms
	27ms
	5ms
	17ms

	
	2. NLs:Location request
	5ms
	
	10ms
	

	
	3. NLs:Assistance data delivery
	5ms
	
	Not needed
	

	
	4. Ng:Assistance data delivery
	10ms
	
	Not needed
	

	
	4-1. Uu:Assistance data delivery
	2ms
	
	2ms
	

	Phase II
	5.Uu:Measurement Gap request
	2ms
	13ms
	2ms
	13ms

	
	6.Uu:Measurement Gap configuration
	11ms
	
	11ms
	

	Phase III
	7. RSTD measurement
	160ms
	160ms
	<10ms
	<10ms

	Phase IV
	8. Uu:RSTD results reporting
	2ms
	57ms
	2ms
	42ms

	
	8-1. Ng:RSTD results reporting
	10ms
	
	Not needed
	

	
	9. NLs:RSTD results reporting
	5ms
	
	Not needed
	

	
	10. OTDOA calculation
	30ms
	
	30ms
	

	
	11. NLs:Location response
	5ms
	
	5ms
	

	
	12. Location response
	5ms
	
	5ms
	

	
	Total latency
	
	257ms
	
	82ms



According to above table, if only RAN1 enhancement to existing positioning technology is considered in R17, the end-to-end latency for position estimation of UE can be shortened to 107ms, but which can’t meet the Rel-17 target positioning requirements in end-to-end latency [< 100ms]. In contrast, the location management functionality in NG-RAN can further reduce the end-to-end latency requirement for position estimation of UE to 82ms. Therefore, it is proposed for RAN2 to further identify and evaluate potential enhancement options in end-to-end latency reduction from high layer.
Proposal 3: RAN2 to identify and evaluate potential enhancement options in end-to-end latency reduction to reach Rel-17 target positioning requirements.
2.2 Network efficiency
The UL positioning performance will suffer from the degraded SRS-Pos measurement accuracy caused by the mutual interference. In order to improve network efficiency, it is necessary to resolve the mutual interference caused by SRS-Pos transmission.
One possible alternative is orthogonal SRS-Pos resource assignment via a common orthogonal resource pool. The serving gNB and neighboring gNBs should assign the SRS-Pos resource to UEs from the common orthogonal resource pool. This method also requires inter-gNB coordination or enables LMF to define orthogonal SRS-Pos resource pool. Within this resource pool, every SRS-Pos resource is orthogonal in time, or frequency or code domain with each other. As shown in below figure, gNB1~gNB4 obtain orthogonal SRS-Pos resource configuration from LMF, therefore the interference among SRS-Pos from the UEs belonging to these gNBs can be well avoided.
Another possible alternative is enabling interference cancellation. If a gNB for SRS-Pos reception is able to get the interfering signal resource configuration information, the gNB can conduct the interference cancellation when there is a collision between the SRS-Pos transmissions from different UEs in difference cells, or between the SRS-Pos transmission from a UE and the transmission of other UL signals from other UEs. To conduct interference cancellation, the hearing gNB not only requires getting the resource configuration information for the SRS-Pos to be measured but also the resource configuration information of the interfering SRS-Pos or other UL signals. SRS-Pos interference cancellation also requires the SRS-Pos resource information exchange among the gNBs and LMF.  As shown in blew figure, gNB3 and gNB4 can exchange the hearing SRS-Pos configuration information and interfering SRS-Pos configuration information, it will facilitate the interference cancellation among SRS-Pos from the UEs belonging to neighboring gNBs.

              [image: ]
[bookmark: _Ref16238364]Figure 3: SRS-Pos resource coordination 
Proposal 4: RAN2 should consider SRS-Pos resource coordination as a way to improve network efficiency.
2.3 Device efficiency
Power consumption is an important aspect of the device efficiency. Compared with RRC idle\inactive states, the UE in RRC connected state need to perform additional actions, e.g. measurement performing and reporting due to UE mobility, beam management and so on. If positioning is not latency sensitive and is the only required behaviour in the UE, it can be performed in RRC idle\inactive states. Then UE power consumption can be reduced as additional actions in RRC connected state is avoided.
However, in NR Rel-16 RRC Idle/Inactive positioning can only happen in DL-only UE-based with broadcast of location assistance data enabled. In order to improve device efficiency, positioning in RRC idle/inactive can be extended to other cases, e.g, introducing UL positioning in RRC idle/inactive, or introducing signaling enhancements to support UE assisted positioning in RRC idle/inactive.
Proposal 5: RAN2 to consider positioning in RRC idle/inactive as a way to improve device efficiency.
3 Conclusion
In the previous sections we made the following observations and proposals:
Proposal 1: RAN2 to evaluate and analyze the delay impact on the whole end-to-end positioning latency from high layer signaling procedure and network architecture perspective.
[bookmark: _GoBack]Proposal 2: It should be based on a typical latency analysis model to evaluate the achievable positioning latency with the Rel-16/17 positioning solutions.
Proposal 3: RAN2 to identify and evaluate potential enhancement options in end-to-end latency reduction to reach Rel-17 target positioning requirements.
Proposal 4: RAN2 should consider SRS-Pos resource coordination as a way to improve network efficiency.
Proposal 5: RAN2 to consider positioning in RRC idle/inactive as a way to improve device efficiency.
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