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Introduction
RRM performance requirements for RedCap positioning are discussed in RAN4#110-bis, and the outcomes are captured in [1]. Based on [1], further discussions are needed for the following issues.
· Measurement accuracy
· RRM test case
In this paper, we will provide our views on RRM performance requirements for RedCap positioning.
Discussion
Measurement accuracy
RAN4 needs to decide on the BW grouping for accuracy requirements considering the BW limit of RedCap UE. The max CH BW that can be supported by RedCap UE is 20MHz in FR1 and 100MHz in FR2. The max Tx BW configuration corresponding to different CH BWs are copied in Table 1 and Table 2. 
Table 1: max Tx BW configuration for different CH BWs in FR1
	SCS (kHz)
	3
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40 
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	15
	15
	25
	52
	79
	106
	133
	160
	188
	216
	242
	270
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	N/A
	11
	24
	38
	51
	65
	78
	92
	106
	119
	133
	162
	189
	217
	245
	273

	60
	N/A
	N/A
	11
	18
	24
	31
	38
	44
	51
	58
	65
	79
	93
	107
	121
	135


Table 2: max Tx BW configuration for different CH BWs in FR2
	SCS (kHz)
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	
	NRB
	NRB
	NRB
	NRB

	60
	66
	132
	264
	N.A

	120
	32
	66
	132
	264


For non-FH case, we suggest to define the BW grouping based on BW grouping in existing requirements, and the BW groups exceeding the max CH BW of RedCap UE should be removed. Besides, the “≥” should be removed for the max RB numbers. For example for 60kHz in FR1, we have one BW group ≥24 RB in existing requirements, but 24 RB is already the max PRS BW for RedCap UE, so the “≥” is removed.
Proposal 1: Define accuracy requirements for non-FH case based on following BW groups.
· 15kHz: ≥24, ≥[52] and [104] RBs
· 30kHz: ≥24 and [48] RBs
· 60kHz (FR1): [24] RBs
· 60kHz (FR2): ≥24, ≥[64] and [132] RBs
· 120kHz: ≥32 and [64] RBs
For 2RX, the existing accuracy numbers for the corresponding BW groups can be re-used. For 1RX, RAN4 needs to derive accuracy numbers from simulation results.
Proposal 2: For accuracy requirements for non-FH case,
· 2RX: re-use existing accuracy numbers for the corresponding BW groups
· 1RX: derive accuracy numbers from simulation results
For FH case, RAN4 agreed to define accuracy requirements based on combination (total measured PRS BW during all hops, per-hop BW). We suggest to define the requirements based on the simulation assumption [2] (related parameters are copied blow). This, combined with Table 1 and Table 2, gives following BW groups.   
	UE measurement bandwidth in each hop
	15kHz = 10MHz
30kHz = 20MHz
60kHz (FR1) = 20MHz
60kHz (FR2) = 50MHz
120kHz = 100MHz

	UE total measurement bandwidth after all hops
	15kHz = 50MHz (6 hops)
30kHz = 100MHz (6 hops)
60kHz (FR1) = 100MHz (6 hops)
60kHz (FR2) = 200MHz (5 hops)
120kHz = 400MHz (5 hops)


Proposal 3: Define accuracy requirements for FH case based on following BW groups.
· 15kHz: per-hop BW ≥ 52 RB, total BW = 268 RB
· 30kHz: per-hop BW ≥ 51 RB, total BW = 272 RB
· 60kHz (FR1): per-hop BW ≥ 24 RB, total BW = 132 RB
· 60kHz (FR2): per-hop BW ≥ 66 RB, total BW = 264 RB
· 120kHz: per-hop BW ≥ 66 RB, total BW = 264 RB
In core part RAN4 agreed on the minimum PRS BW expected to be measured with Rx hopping (BWtotal).
	· The minimum PRS BW expected to be measured with Rx hopping in RRC_INACTIVE/IDLE state is given by
· 
where
·  is determined by the minimum among the configured PRS BW, UE capability reported as [component 1 of the FG 41-5-1], and the total BW of all hops requested by LMF.
·  is the BW per hop signalled in the UE capability.
·  is the minimum hop overlap signalled in the UE capability.
·  is the number of Rx hops measured by the UE in RRC_INACTIVE/IDLE state within a single time window.


In order to apply the accuracy requirements, the PRS configuration should allow UE to do enough number of hops such that the resulted BWtotal is no less than the total BW in Proposal 3. This mainly relates to provision of enough number of repetitions. This should be captured as a condition for the accuracy requirements.
Proposal 4: For accuracy requirements for non-FH case, derive accuracy numbers from simulation results. The requirements apply provided that the BWtotal defined in clause core requirements is no less than the total BW in Proposal 3.
RRM test case
For RRM testing, RAN4 has defined two sets of PRS RMCs, one with small BW and one with large BW. 
· 15kHz: 24 RB and 104 RB
· 30kHz: 24 RB and 132 RB
· 120kHz: 32 RB and 128 RB
For measurement delay TCs, for non-FH case the RMC with small BW can be re-used; for FH case new RMC with large BW needs to be defined. Existing RMC with large BW are without repetition as existing accuracy requirements for large PRS BW do not require repetition, but repetition is needed for FH. 
Proposal 5: Use the following PRS RMC for measurement delay TCs
· Non-FH: small BW (existing RMC)
· FH: large BW with repetitions (new RMC)
For measurement accuracy TCs, in existing TCs both PRS BW are used (in different sub-tests) to verify UE performance with small and large PRS BWs. For non-FH case we can follow same principle, and a new PRS RMC can be defined with medium BW for 30kHz and 120kHz, e.g. 48 RB and 64 RB (for 15kHz existing RMC with 104 RB can still be used). For FH case, following Proposal 3 only one RMC for the large BW is needed, and the same RMC is also used for the delay TCs.
Proposal 6: Use the following PRS RMC for measurement accuracy TCs
· Non-FH (2 BWs): small BW (existing RMC) and medium BW (104/48/64 RB for 15/30/120kHz)
· FH (1 BW): large BW with repetitions (new RMC)
In RAN4#109, the BW in test configuration for positioning TCs in R16 and R17 were updated. Based on TE vendors’ feedback, BW in test configuration for TCs are considered as both cell and UE CH BW, and PRS BW cannot be larger than it. For FH TCs, the PRS BW needs to be larger than the UE CH BW, so approach in existing TCs does not work. RAN4 needs to discuss handle PRS BW for FH TCs, e.g. two options are listed for Proposal 7. Besides, RAN4 also needs to clarify the definition of Io in the TCs, i.e. over which symbols and BWs Io is calculated. 
Proposal 7: Discuss how to handle PRS BW for FH TCs and clarify the definition of Io. 
· Option 1: consider the BW in test configuration as UE BW and cell BW can be larger
· Option 2: consider PRS are transmitted from non-serving cells (the cell BW of the non-serving cells need to be defined), and BW in test configuration is only for serving cell. 
Conclusions
In this paper we provided our views on RRM performance requirements for RedCap positioning.
Proposal 1: Define accuracy requirements for non-FH case based on following BW groups.
· 15kHz: ≥24, ≥[52] and [104] RBs
· 30kHz: ≥24 and [48] RBs
· 60kHz (FR1): [24] RBs
· 60kHz (FR2): ≥24, ≥[64] and [132] RBs
· 120kHz: ≥32 and [64] RBs
Proposal 2: For accuracy requirements for non-FH case,
· 2RX: re-use existing accuracy numbers for the corresponding BW groups
· 1RX: derive accuracy numbers from simulation results
Proposal 3: Define accuracy requirements for FH case based on following BW groups.
· 15kHz: per-hop BW ≥ 52 RB, total BW = 268 RB
· 30kHz: per-hop BW ≥ 51 RB, total BW = 272 RB
· 60kHz (FR1): per-hop BW ≥ 24 RB, total BW = 132 RB
· 60kHz (FR2): per-hop BW ≥ 66 RB, total BW = 264 RB
· 120kHz: per-hop BW ≥ 66 RB, total BW = 264 RB
Proposal 4: For accuracy requirements for non-FH case, derive accuracy numbers from simulation results. The requirements apply provided that the BWtotal defined in clause core requirements is no less than the total BW in Proposal 3.
Proposal 5: Use the following PRS RMC for measurement delay TCs
· Non-FH: small BW (existing RMC)
· FH: large BW with repetitions (new RMC)
Proposal 6: Use the following PRS RMC for measurement accuracy TCs
· Non-FH (2 BWs): small BW (existing RMC) and medium BW (104/48/64 RB for 15/30/120kHz)
· FH (1 BW): large BW with repetitions (new RMC)
Proposal 7: Discuss how to handle PRS BW for FH TCs and clarify the definition of Io. 
· Option 1: consider the BW in test configuration as UE BW and cell BW can be larger
· Option 2: consider PRS are transmitted from non-serving cells (the cell BW of the non-serving cells need to be defined), and BW in test configuration is only for serving cell. 
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