[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc193024528]3GPP TSG-RAN WG4 Meeting # 106			                                                                                         R4-2300477
Athens, Greece, February 27 – March 3, 2022
Title: 	General RRM aspects for Rel-18 on Expanded and Improved NR Positioning
Source: 	Intel Corporation
Agenda item:	9.21.3
Document for:	Discussion
Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1, RP-223532] was approved. 
The objectives for the core part depending on RAN4 are highlighted as below: 
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].

· Specify the error modelling parameters, signalling, and procedures to support UE-based and LMF-based integrity of RAT-dependent positioning methods [RAN2, RAN3].


· Specify enhancements for enabling LPHAP use-case 6 as defined in TS 22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· NOTE: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].
· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· [bookmark: _Hlk122087734]SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].


· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].



· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, including PRS measurement period/reporting [RAN4].

· Specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning for UE-based. UE-assisted positioning, and NG-RAN node assisted [RAN1, RAN2, RAN3, RAN4].
· Existing DL PRS and UL SRS for positioning are used for NR carrier phase measurements.
· Specify measurements that are limited to a single carrier/PFL. 
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures  [RAN4].

· Define extensions of signalling, protocol, and procedure for NR positioning enhancement, as needed for the above objectives [RAN3].


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution we will initiate some general high-level discussions on RAN4 RRM’s works impacted due these enhancements described in the WID.
Discussion
Sidelink ranging/positioning 
This objective is to specify the solutions to support of sidelink positioning (including ranging) in NR systems. Thus, from physical layer design perspective, the new measurement reference signal and procedure for positioning of sidelink shall be designed by RAN1/2. The significant standardization works in RAN4 are also expected. For an example, the measurement reporting requirements for the different positioning method (e.g.SL-RTT, SL-AoA, and SL-TDOA, e.t.c) with the new SL-PRS measurement shall be specified in Rel18.
Observation 1a:  The requirements for RTT and TDoA with the new SL-PRS measurements needed to be specified in Rel18.
Observation 1b:  Since the requirements AoA beyond Rel17 are absent, whether SL-AoA  shall be define in Rel18 can be FFS. 
With the observations above, we can propose that:
Proposal 1: The requirements for RTT and TDoA for sidelink positioning can be defined firstly. The others (e.g.SL-AoA) can be FFS.
Also, as explicitly noted in WID, SL PRS transmission is supported up to 100 MHz in FR1 spectrum but not in FR2. 
Observation 2: SL PRS in FR2 need not to be considered. 
Thus, from RAN4 requirements perspective, we can suggest that:
Proposal 2:  Define the requirements for sidelink positioning measurement in FR1 only.  
Moreover, reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios[1]. For an example, UE measurement configuration and reporting in case of PC5 sidelink will be based on the new SLPP protocol. But from the physical layer measurements themselves, UE’s behaviour itself could be unchanged in comparison with these with Uu link. 


        
Figure 1. PC5-only and PC5-Uu scenarios
Observation 3: The requirements for SL positioning in case of PC5-only can be decoupled from joint PC5-Uu scenario.
In order to simplify RAN4’s work on SL requirements for all coverage scenarios (PC-only and joint PC5-Uu link), we can propose that:
Proposal 3:  The requirement for SL positioning can be started from these under PC5-only scenario firstly. 
Additionally, when UE is synchronized with SyncRefUE as the reference synchronization source the time error seems to be larger than that beyond Rel17.  
The following scenarios in terms of network coverage are considered for sidelink positioning: in-coverage, partial coverage, out-of-coverage. Thus when the UE synchronized with the difference resource, the impacts on corresponding positioning requirements needs to be investigated. For an example, achieving very accurate time synchronization is more difficult and expensive for UE/RSU. That is in case of TDOA based positioning which is much sensitive with the accurate time synchronization among reference nodes, there are much higher impacts due to the timing synchronization errors among UE and RSU. However, in SI study [3, 38.859] , usually the time synchronization errors used in simulation while analyzing positioning performance is much smaller than the requirements specified in Table 12.2.5-1 [2, TS38.133]  as below (e.g. 0~50ns vs. 390ns). In other words, the sidelink TDOA would require quite higher accurate Te among the references nodes.
Table 12.2.5-1: Te Timing Error Limit[2, 38.133]
	Frequency Range of sidelink
	SCS of sidelink signals (kHz)
	Te

	FR1
	15
	12*64*Tc

	
	30
	8*64*Tc

	
	60
	5*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6].



 Observation 4:  How UE can maintain the correct timing with the all types of reference synchronization source in sidelink(e.g. SyncRefUE) needs to be investigate to ensure the desired positioning accuracy.
Proposal 4: In sidelink positioning, the impacts from UE timing error requirements for SyncRefUE can be evaluated.
For the new procedure of power control for SL PRS transmission, we need also to consider whether the existing power headroom report mapping is feasible.
Observation 5: The report mapping for the power control of SL PRS can be FFS.
LPHAP use case 6 
This objective is mainly to extend the eDRX cycle beyond 10.24s in RRC_INACTIVE to reduce more power consumption. Thus from RRM perspective, the existing requirements for positioning in RRC_INACTIVE in Rel17 need to be revisited to allow the longer eDRX. From the specification works, the existing DL PRS measurement reporting requirements defined in Rel17 38.133 5.6 can be taken as the baseline.
Proposal 5:  The existing requirements for positioning in RRC_INACTIVE in Rel17 can be taken as the baseline to define the necessary requirements for the positioning in LPHAP use case 6. 
However, since the longer eDRX will introduce the too long measurement latency for positioning, the possible way to improve the latency can be also studied. 
Observation 6:  If much longer eDRX introduced whether the latency reduction mechanism shall be optimized could be studied in RAN4, e.g. 
· ONLY Reduced number of samples needed for measurement in a higher SINR side condition
 
At same time, we also need to check in case of longer eDRX (e.g.10.24s), the positioning estimation error can be very large for UE with higher mobility. For an example, for 120km/h UE the error can be larger than 50m even without any measurement error)
Proposal 6: Whether the requirements applied to the high mobility UE can be FFS upon RAN1/2’s further agreements. 
Positioning for UEs with Reduced Capabilities
This objective intends to enable UE with Red-cap measurements for positioning purpose. More specifically, the frequency hoppiing of PRS/SRS will be introduced. Therefore, there are significant RRM works needed to specify the measurement requirements. For examples, we can predict the following aspects shall be discussed in RAN4.


Figure 2. FH PRS out of RedCap UE BW
Observation 7: When the bandwidth of PRS is wider than the channel bandwidth UE, UE may need to retune to other frequency hopping in limited time. 
Observation 8: Both the requirements on measurements within and outside measurement gap are needed for RedCap UE positioning. 
However, we can also start the detailed discussion when the physical layer design aspect (e.g. PRS transmission when frequency hopping) are clear enough in RAN1. 
Proposal 7: RAN4 can start to specify measurement delay and accuracy requirements for RedCap UE’s positioning measurements in RAN4 after RAN1’s design stable.
Regarding to the cost reduction aspect of Redcap, there is following impact to RRM.
Proposal 8: The measurement accuracy requirements for Redcap UE with both 1Rx and 2Rx needs to be considered. 
Bandwidth aggregation for positioning measurements 
This objective intends to specify the procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna). 


Figure 3. Illustration on PRS when bandwidth aggreation

As illustrated in Figure 3, for UE supports the intra-band CA( e.g. BC#1, f0+f1), when PRS transmitted in the aggregated intra-band contiguous carriers if SCells are activated, UE can measurement PRS on both f0 and f1 together without gap. But on the other hand, when there is no activated SCell in band#1, PRS measurement needs to be performed within gap indeed. 
Observation 9: If PRS is transmitted in the bandwidth which is supported by UE CA capability, SCell (de)activation can also impact PRS measurement (e.g. within or outside measurement gap).
However, there is also the other way beside reusing CA capability to support PRS bandwidth aggregation. This shall be under RAN1&2’s discussion. 
Observation 10: RAN1 can clarify UE capability to support the PRS bandwidth aggregation. For an example, whether the same capability to support intra-band CA can be reused. 
Based on the observations above, we can conclude that: 
Proposal 9: The requirements positioning measurements with the bandwidth aggregation can be started when RAN1 design are stable enough.

NR DL and UL carrier phase positioning 
This objective is to specify physical layer measurements and signalling to support NR DL and UL carrier phase positioning. Therefore, the requirements for both UE and gNB shall be defined.
Proposal 10 :  The requirements on UE of the carrier phase measurements for all positioning methods (UE-based, UE-assisted and NG-RAN node assisted) shall be defined.
Proposal 11 :  The requirements on gNB of the carrier phase measurements for UE-assisted and NG-RAN node assisted positioning shall be defined.

In this objective, the working scope was limited for single carrier/PFL as below.
	“Specify measurements that are limited to a single carrier/PFL”



In our understanding, this is intended to simplify RAN4’s discussion on whether the PRS measurement can be performed within a gap or not. As we discussed in Rel16, in case of single PFL, PRS measurement can be based on gap-less measurement technically. However, if there are multiple PFLs on signal carrier, the measurement within a gap are necessary.  
Observation 11: It is still ambiguous whether the measurement within gap shall be considered when RAN4 define RRM requirements for NR DL/UL phase positioning measurements with the current WID.
Proposal 12: In order to reduce the working efforts for Rel18 WI, we prefer to limit these measurement for a single carrier/PFL.
Conclusion
This contribution makes an initial catch of the RRM impacts on Rel18 WI of “Expanded and Improved NR Positioning” in a generally high-level way. Further adjustments are subject to other WG discussions.
Observation 1a:  The requirements for RTT and TDoA with the new SL-PRS measurements needed to be specified in Rel18.
Observation 1b:  Since the requirements AoA beyond Rel17 are absent, whether SL-AoA  shall be define in Rel18 can be FFS. 
Proposal 1: The requirements for RTT and TDoA for sidelink positioning can be defined firstly. The others (e.g.SL-AoA) can be FFS.
Observation 2: SL PRS in FR2 need not to be considered. 
Proposal 2:  Define the requirements for sidelink positioning measurement in FR1 only.  
Observation 3: The requirements for SL positioning in case of PC5-only can be decoupled from joint PC5-Uu scenario.
Proposal 3:  The requirement for SL positioning can be started from these under PC5-only scenario firstly.
Observation 4:  How UE can maintain the correct timing with the all types of reference synchronization source in sidelink(e.g. SyncRefUE) needs to be investigate to ensure the desired positioning accuracy.
Proposal 4: In sidelink positioning, the impacts from UE timing error requirements for SyncRefUE can be evaluated.
Observation 5: The report mapping for the power control of SL PRS can be FFS.

Proposal 5:  The existing requirements for positioning in RRC_INACTIVE in Rel17 can be taken as the baseline to define the necessary requirements for the positioning in LPHAP use case 6. 
Observation 6:  If much longer eDRX introduced whether the latency reduction mechanism shall be optimized could be studied in RAN4, e.g. 
· ONLY Reduced number of samples needed for measurement in a higher SINR side condition
Proposal 6: Whether the requirements applied to the high mobility UE can be FFS upon RAN1/2’s further agreements. 

Observation 7: When the bandwidth of PRS is wider than the channel bandwidth UE, UE may need to retune to other frequency hopping in limited time. 
Observation 8: Both the requirements on measurements within and outside measurement gap are needed for RedCap UE positioning. 
Proposal 7: RAN4 can start to specify measurement delay and accuracy requirements for RedCap UE’s positioning measurements in RAN4 after RAN1’s design stable.
Proposal 8: The measurement accuracy requirements for Redcap UE with both 1Rx and 2Rx needs to be considered. 

Observation 9: If PRS is transmitted in the bandwidth which is supported by UE CA capability, SCell (de)activation can also impact PRS measurement (e.g. within or outside measurement gap).
Observation 10: RAN1 can clarify UE capability to support the PRS bandwidth aggregation. For an example, whether the same capability to support intra-band CA can be reused. 
Proposal 9: The requirements positioning measurements with the bandwidth aggregation can be started when RAN1 design are stable enough.

Proposal 10 :  The requirements on UE of the carrier phase measurements for all positioning methods (UE-based, UE-assisted and NG-RAN node assisted) shall be defined.
Proposal 11 :  The requirements on gNB of the carrier phase measurements for UE-assisted and NG-RAN node assisted positioning shall be defined.
Observation 11: It is still ambiguous whether the measurement within gap shall be considered when RAN4 define RRM requirements for NR DL/UL phase positioning measurements with the current WID.
Proposal 12: In order to reduce the working efforts for Rel18 WI, we prefer to limit these measurement for a single carrier/PFL.
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