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Introduction
In RAN#98-e, the WID “New WID on Expanded and Improved NR Positioning” [1] was approved. 
One of objectives for the core part in RAN4 is to specify requirements for RedCap UE’s positioning measurements: 
	· 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].



And in last RAN4 meeting the high-level general aspects of this WI was agreed in [2].  In this contribution we will provide further considerations on RRM requirements for Rel18 positioning for ReCap UEs based on latest RAN1’s agreements [3].
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Using scenarios
In last RAN1 meeting, the scope of RedCap UEs positioning was concluded as [3]:
	Conclusion
The scope for RedCap positioning includes FR1 and FR2. 


Thus, we can propose:
Proposal 1: RAN4’s requirements on RedCap UE positioning shall be defined for both FR1 and FR2.
In WID [1] it was not clearly point out what the positioning methods in particular to be supported for redcap UEs.  And also in last RAN4 meeting, whether the using scenarios in RRC_INACTIVE needs to be considered in RAN4 is FFS[2]. 
	R4#106 Agreements[2]:
· Reuse Rel. 17 core requirements to define core requirements for RedCap UE positioning in RRC_CONNECTED state for 2Rx RedCap UE for FDD/TDD without frequency hopping. FFS on RRC_INACTIVE state.




Technically, in comparison normal UE, RedCap UE in RRC_IDLE/RRC_INACTIVE needs to support the extended DRX cycles which can be larger than {2.56, 5.12, 10.24, 20.48, …. ,  10485.76 } . 
Observation 1: With the extended DRX cycle, the positioning performance of Redcap UE could not be guaranteed.
On the other hand, the positioning measurement in RRC_INACTIVE undoubtedly will increase UE power consumption which is not expected for ReaCap UE.
Observation 2: UE power consumption could be increased with positioning measurements in RRC_INACTIVE for RedCap UE.
Therefore, we can suggest to:
Proposal 2: RAN4 can FFS on to define the requirements for RedCap UE positioning in RRC_INACTIVE state. 
Additionally, it needs to be clarified all RAT dependent methods beyond Rel17 can be considered in RAN4. However, the new positioning methods or metric defined in Rel18 (e.g. carrier phase measurement ) shall be precluded for RedCap UE positioning in Rel18. 
Proposal 3: The joint discussion with other new Rel18 positioning aspects shall be precluded. 
Frequency hopping in DL
This objective intends to enable UE with Red-cap measurements for positioning purpose. More specifically, the frequency hopping 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.
In last RAN1 meeting, RX frequency hopping for DL PRS was agreed as below [3]. Hence some initial insights on the impacts on RAN4 are provided from the following aspects. 
	Conclusion
For positioning enhancements for RedCap UEs, only Rx frequency hopping of the DL PRS is supported.



Timing error and phase error between two hops 
If no TX hopping for PRS, UE can receive the PRS in the different RX hops up to UE implementation itself. But UE needs to combine all PRS together for the next coherent detections. Naturally, RAN4 needs to consider whether the phase and timing error between two hops needed to be required in RAN4. 
For the phase error since RAN1 will introduce some overlap in the frequency domain for these hops, the phase error could be mitigated. 
Under the current assumption on RF retuning time needed for RX frequency hopping (e.g. less than 0.5ms in FR1, 0.25ms in FR2) UE can maintain the perforce timing. However, if the gap among these RX hops is too big, the error on timing when UE combining received PRSs in the different hopping could NOT be neglected.  


Figure 1: DL-PRS frequency hopping reception
Observation 3: The timing error among PRS RX hoppings due to the timing drift could impact RedCap positioning performance.  
Observation 4: The maximum tolerable timing error among PRS RX hopping depends on the gap between two hops, the total number of hops and RRC states. 
Therefore, we can propose that:
Proposal 4: The maximum tolerable timing error among all PRS RX hoppings (e.g. <[32Tc]) shall  be FFS in RAN4. 

Impacts on UE complexity
With Rx hopping, UE’s implementation will be impacted. For an example, as illustrated in the figure below the UE softbuffer may be enlarged. 


Figure 2: UE soft-buffer used for DL-PRS frequency hopping reception
Observation 5: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 5: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
MG based and gapless measurement
Measurement gaps based PRS hopping is discussed in RAN1[]. 
	Agreement
For RedCap UEs, support at least measurements on DL PRS with Rx frequency hopping using a measurement gap
· FFS: details on RedCap UE processing capabilities for DL PRS with Rx frequency hopping and MG
· FFS: the use of a single or multiple instances of a MGs
· FFS: the use of PPW




Observation 6: The requirements on measurements for RedCap UE positioning within measurement gap are needed. 
Proposal 6: RAN4 shall define the requirements for RedCap UE positioning measurements within measurement gap at least.
It was noted that RAN4 needs to investigate whether one MG could be set for each hop or a single MG across all RX hopping REs  should be used. From RAN4 perspective, if the one MG for each hop is used, the total activated measurement gap will be dependent with the number for Rx hops which is most like larger than 2. Regarding to the current UE capabilities of max number of configured gaps for multiple concurrent MGs in TS38.133 below, we can conclude that:
Observation 7: It is more feasible that NW configures a single measurement gap per PRS within the different RX hops.
Table 9.1.8-1: The number of Gap Combination Configurations by UE supporting both concurrent measurement gap patterns and independent measurement gap patterns 
	Gap Combination
Configuration Id 
	The number of simultaneous configured measurement gap patterns

	
	Per-FR1 measurement gap
	Per-FR2 measurement gap
	Per-UE measurement gap

	0
	2
	1
	0

	1
	1
	2
	0

	2
	0
	0
	2

	3Note 1
	1
	0
	1

	4Note 1
	0
	1
	1

	5Note 1
	1
	1
	1

	6
	2
	0
	0

	7
	0
	2
	0

	Note 1:	Gap Combination Configuration Id #3, #4, #5 will be only applied when the per-UE measurement gap is associated to measure PRS for any RSTD, PRS-RSRP, and UE Rx-Tx time difference measurement defined in TS 38.215 [4].



Therefore, we can suggest that: 
Proposal 7: RAN4 prefer to configure only single MG associated with a PRS across all RX hops. And RAN4 can also send LS to RAN1 on this agreement.  
Beside the gap based measurement, gapless measurements are also under RAN1’s discussion. For an example, how to define PPW especially considering the RX hopping. Thus, 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 8: RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.
Frequency hopping in UL
The hopping mechanism for UL SRS for positioning is discussed in last RAN1 meeting. And the following agreement was achieved.
	Agreement
For RedCap UEs, support SRS for positioning frequency hopping by 
· Using a configuration separate from the existing BWP configuration
· FFS: hopping is configured within a SRS resource or across SRS resources




From RRM perspective, the hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements. For an instance, in case of hopping within a SRS resource there is ambuity on SRS Tx time because of SRS from a resource can be distributed within the hopping duration. 
Observation 8: The hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements
Based on the observations above, we can conclude that: 
Proposal 9: RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion. 

PRS measurement requirements without frequency hopping 
In the last RAN4 meeting, the following agreements on PRS measurement requirement without frequency hopping were achieved [2]. 
	Issue 4-1-1: PRS measurement requirements for 2Rx without frequency hopping:
Agreements:
· Reuse Rel. 17 core requirements to define core requirements for RedCap UE positioning in RRC_CONNECTED state for 2Rx RedCap UE for FDD/TDD without frequency hopping. FFS on RRC_INACTIVE state.
Issue 4-1-2: PRS measurement requirements for 1Rx without frequency hopping:
Agreements:
· RAN4 to evaluate whether it is feasible to reuse the existing PRS measurement periods in 38.133, Rel-17 for PRS measurements for 1Rx RedCap UE and the impact on side conditions and PRS measurement accuracies. 
· The evaluation is based on link level simulations.




As the first step to define the core requirements, SINR side condition shall be studied. In Rel17, SINR side condition for FR1 RSRP measurement of Redcap with 2Rx and 1Rx are defined in TS38.133 Table 10.1.2.1.1.-1 and 10.1A.2.1.1.-1 respectively.
[image: ][image: ]
Observation 9-1: In Rel17, SINR side condition for 1RX Redcap UE measurements (e.g. SSB based RSRP) is same as these for 2RX.
Observation 9-2: Also in Rel16, SINR side condition for normal UE positioning measurements are same for UE with 1Rx and 2Rx.
Meanwhile, for Redcap UE positioning measurement without frequency hopping, it is obvious the side conditions applied for them can be same as normal UE positioning measurement in Rel16. Therefore, we can propose that:
Proposal 10: SINR side condition for 1RX and 2Rx Redcap UE positioning measurement without frequency hopping can reuse the existing ones for normal UE positioning measurement in TS38.133 v17.8.0[4]
Conclusion
This contribution makes further analysis on the RRM impacts on Rel18 Redcap UE positioning based on the latest RAN1 agreements. 
Using scenarios
Proposal 1: RAN4’s requirements on RedCap UE positioning shall be defined for both FR1 and FR2.
Observation 1: With the extended DRX cycle, the positioning performance of Redcap UE could not be guaranteed.
Observation 2: UE power consumption could be increased with positioning measurements in RRC_INACTIVE for RedCap UE.
Proposal 2: RAN4 can FFS on to define the requirements for RedCap UE positioning in RRC_INACTIVE state. 
Proposal 3: The joint discussion with other new Rel18 positioning aspects shall be precluded. 
Frequency hopping in DL
Observation 3: The timing error among PRS RX hoppings due to the timing drift could impact RedCap positioning performance.  
Observation 4: The maximum tolerable timing error among PRS RX hopping depends on the gap between two hops, the total number of hops and RRC states. 
Proposal 4: The maximum tolerable timing error among all PRS RX hoppings (e.g. <[32Tc]) shall be FFS in RAN4.
Observation 5: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 5: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
Observation 6: The requirements on measurements for RedCap UE positioning within measurement gap are needed. 
Proposal 6: RAN4 shall define the requirements for RedCap UE positioning measurements within measurement gap at least.
Observation 7: It is more feasible that NW configures a single measurement gap per PRS within the different RX hops.
Proposal 7: RAN4 prefer to configure only single MG associated with a PRS across all RX hops. And RAN4 can also send LS to RAN1 on this agreement.  
Proposal 8: RAN4 can FFS measurement without gap for RedCap UE’s positioning after RAN1’s design stable.
Frequency hopping in UL
Observation 8: The hopping configuration for SRS will impact on how to define UE Rx-Tx time difference requirements
Proposal 9: RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion. 
PRS measurement requirements without frequency hopping
Observation 9-1: In Rel17, SINR side condition for 1RX Redcap UE measurements (e.g. SSB based RSRP) is same as these for 2RX.
Observation 9-2: Also in Rel16, SINR side condition for normal UE positioning measurements are same for UE with 1Rx and 2Rx.
Proposal 10: SINR side condition for 1RX and 2Rx Redcap UE positioning measurement without frequency hopping can reuse the existing ones for normal UE positioning measurement in TS38.133 v17.8.0[4]
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Table 10.1.2.1.1-1: SS-RSRP Intra frequency absolute accuracy in FR1

Accuracy Conditions
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NOTE 2:NR operating band groups in FR1 are as defined in clause 3.5.2
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Table 10.1A.2.1.1-1: SS-RSRP Intra frequency absolute accuracy for 1Rx RedCap UE in FR1
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NOTE 2:NR operating band groups in FR1 are as defined in clause 3.5.2
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