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Introduction
In RAN4#108 meeting, RAN4 has discussed general RRM impacts of the RedCap UE positioning with conclusions captured in [1]. In this paper, we will further discuss the potential RRM requirements for RedCap UE Positioning.
Discussion
General aspects/scenarios for RedCap positioning
Issue 2-1-1: Relation with Rel-16/Rel-17 positioning for PRS measurements with FH
In last meeting, RAN4 discussed the relation between Rel-18 RedCap positioning and Rel-16/Rel-17 positioning features for PRS measurements with FH, and the following agreements are achieved with TEG FFS. 
	Agreements:
· All Rel-16 features are supported for RedCap positioning measurement with FH. 
· In addition, reduced number of samples with gaps and reduced Rx beam sweeping factor with gaps are supported for RedCap positioning measurement with FH. TEG is FFS.


TEG has an effect on the measurement period requirements and according to the definition agreed in RAN4#100 meeting, the timing errors are grouped by UE/TRP based on RF chains and antenna panel such that timing error difference in the same group is within a certain margin. 
	Issue 1-2-1 Feasibility of TEGs for timing error mitigation mechanism
Agreements:
· UE/TRP may group the timing errors for UE/TRP Rx/Tx (e.g., based on RF chains and antenna panel) such that timing error difference in the same group is within a certain margin


TEG therefore does not apply to 1Rx RedCap UEs, i.e., the TEG scaling factor in measurement period requirements=1. For 2Rx RedCap UEs, it is possible to have 1 or 2 TEG(s) with each group including two or one RF chain(s)/antenna panel(s). If 2Rx RedCap UE has only one TEG,  equals to 1. If it has two TEGs, the value of  depends on if UE is capable of receiving/transmitting the same DL PRS/UL SRS with multiple TEGs simultaneously, and the potential values are {1, 2}. Hence, as a mechanism to mitigate timing errors and without any technical issues identified for FH case, we think Tx/Rx TEG can be supported for Rel-18 RedCap positioning with FH.
Proposal 1: TEG can be supported for Rel-18 RedCap positioning with FH.
PRS measurements for RedCap without FH
Issue 2-2-1: Side conditions for 1Rx RedCap UE PRS measurements without FH
In last meeting, RAN4 made agreements on the side conditions for 1Rx RedCap UE PRS measurements without FH in fading channel with 4 samples. However, the side conditions for fading channel with 1 sample are still TBD [2]. In this section, we provide our simulation results for 1Rx RedCap UE PRS measurements without FH in fading channel with 1 sample to evaluate the measurement performance. The side conditions for 4 samples are reused for 1 sample evaluation.
Table 1. Measurement errors of RSTD for fading channel（Tc）
	SINRs [dB]
	<-6,-10,-10> (Nsample = 1)
	<-6,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 
Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell2
	TDL-A
	28.61
	18.71
	7.12
	20.37
	11.01
	16.23
	32.08
	11.21
	5.03
	17.63
	6.01
	11.23

	Cell3
	
	162.9
	83.94
	49.3
	88.8
	50.5
	56.83
	180.8
	91.81
	60.28
	103.1
	61.04
	62.5


Table 2. Measurement errors of PRS RSRP for fading channel（dB）
	SINRs [dB]
	<-3,-10,-10> (Nsample = 1)
	<-3,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 
Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	TDL-A
	1.3
	0.36
	0.4
	0.86
	0.61
	0.73
	0.76
	0.44
	0.27
	0.56
	0.42
	0.49

	Cell2
	
	4.76
	2
	1.07
	3.6
	1.66
	2.57
	1.13
	0.68
	0.39
	0.94
	0.55
	0.69

	Cell3
	
	4.48
	1.97
	1.08
	3.55
	1.85
	2.62
	1.21
	0.58
	0.39
	0.94
	0.6
	0.74


Table 3. Measurement errors of UE Rx-Tx time difference for fading channel（Tc）
	SINRs [dB]
	<-3,-10,-10> (Nsample = 1)
	<-3,-6,-6> (Nsample = 1)

	SCS
	15kHz
	30kHz
	60kHz
	15kHz
	30kHz
	60kHz

	BW
	5M
	10M
	20M
	10M
	20M
	20M
	5M
	10M
	20M
	10M
	20M
	20M

	DL PRS 
Repetition Factor
	4
	1
	1
	4
	1
	4
	4
	1
	1
	4
	1
	4

	Cell1
	TDL-A
	124.9
	69.58
	45.5
	71.28
	46.6
	45.14
	125.4
	69.5
	45.43
	70.26
	45.8
	44.22

	Cell2
	
	119.9
	76.9
	48.62
	76.41
	68.7
	73.26
	120.1
	71.5
	45.15
	72.05
	45.7
	43.66

	Cell3
	
	128.1
	65.04
	41.85
	73.59
	52.1
	62.79
	114.2
	61.4
	38.61
	64.6
	40.2
	41.34


Observation 1: No obvious performance degradation observed with 1 sample in fading channel, compared with the results for 4 samples in fading channel. 
In current RAN4 spec, there are no measurement accuracy requirements for PRS based RSTD, PRS-RSRP and UE Rx-Tx time difference with reduced number of samples for fading channel. Based on the simulation results in the tables above, we think the measurement accuracy requirements for fading channel with reduced number of samples can be defined since the measurement delay can be shortened and the measurement errors are acceptable. 
Proposal 2: RAN4 to define measurement accuracy requirements for PRS based positioning measurements with reduced number of samples for fading channel. The details, e.g., accuracy and side conditions, can be FFS. 
PRS measurements for RedCap with FH
Issue 2-3-1: Side conditions for 1Rx/2Rx RedCap UE PRS measurements with FH
In lasting meeting, simulation assumptions for 1Rx/2Rx RedCap UE PRS measurements with FH were determined. Companies are encouraged to evaluate the measurement errors based on the side conditions agreed for FH-less case. We provided our simulation results in [3]. 
Proposal 3: The side conditions for measurements without FH can be reused for measurements with FH. 

Issue 2-3-2: PRS measurement period requirements for RedCap with FH
There are two cases according to RAN1’s agreements on the FH-based measurement and reporting methods:
	Case1: A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning.
	Case2: One measurement where a measurement is associated with one received hop.
The main idea of frequency hopping is to achieve higher measurement accuracy by using larger bandwidth. Hence the measurement requirements for Case1 should be prioritized. In last meeting, we suggest to use Rel-17 measurement requirements as baseline for RedCap positioning with FH. Besides, RAN1 sent LS to request RAN4 to confirm the feasibility of using a single measurement gap to receive all DL PRS hops and RAN4 confirmed it is feasible. Based on this confirmation and the following achieved agreements, we think the Rel-17 measurement period requirements can be reused with a few modifications, e.g., the measurement duration  for the last measurement sample is =  +MGL. For Case2, we think the Rel-17 measurement period requirements are applicable and can be reused directly.
	Agreements:
· All Rel-16 features are supported for RedCap positioning measurement with FH. 
· In addition, reduced number of samples with gaps and reduced Rx beam sweeping factor with gaps are supported for RedCap positioning measurement with FH. TEG is FFS.


Proposal 4: Measurement requirements for the single measurement based on multiple hops shall be prioritized.
Proposal 5: The Rel-17 measurement period requirements can be reused for RedCap positioning with FH with a few modifications, e.g., =  +MGL.
Issue 2-3-3: Effective BW for PRS measurement with FH
Regarding the calculation of effective BW, as we proposed in the last meeting, the effective BW can be derived by the equation below for Case1 assuming the measured hops have the same BW: 

Where  is the number of RBs per hop,  is number of hops and  is the number of overlapping RBs between hops.
For Case2, the effective BW is equal to the BW occupied by the hop on which the measurement is performed. It can also be obtained by using the above equation with  and . 
Proposal 6: The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation:  
Conclusions
This paper discussed the general issues for RedCap UE positioning, and the following proposals are provided:
Proposal 1: TEG can be supported for Rel-18 RedCap positioning with FH.
Observation 1: No obvious performance degradation observed with 1 sample in fading channel, compared with the results for 4 samples in fading channel.
Proposal 2: RAN4 to define measurement accuracy requirements for PRS based positioning measurements with reduced number of samples for fading channel. The details, e.g., accuracy and side conditions, can be FFS. 
Proposal 3: The side conditions for measurements without FH can be reused for measurements with FH. 
Proposal 4: Measurement requirements for the single measurement based on multiple hops shall be prioritized.
Proposal 5: The Rel-17 measurement period requirements can be reused for RedCap positioning with FH with a few modifications, e.g., =  +MGL.
Proposal 6: The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation:  
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