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Introduction
RRM requirements for RedCap positioning are discussed in RAN4#108, and outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed.
· PRS measurement without FH
· PRS measurement with FH
In this paper we will provide our views on RRM requirements for RedCap positioning.
Discussion
PRS measurement without FH
One remaining issue for PRS measurement without FH from RAN4#107 is the update of CSSF for RedCap. 
In Rel-16, impact of PRS measurement is included in the CSSF definition for non-RedCap UE:
· For RRM measurement, one additional PFL that leads to a largest CSSF is counted
· For PRS measurement, CSSF = 1 if it is with long periodicity, otherwise CSSF is the number of RRM layers plus 1 PFL, i.e. no other PFL is counted.
We understand the above principles can be re-used for RedCap UE.
Proposal 1: Re-use CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
PRS measurement with FH
RAN1 agrees to support two cases for PRS FH:
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
In our view, the main motivation of FH is to achieve larger BW than the UE RF BW thus improve the accuracy which corresponds to Case 1, so RAN4 should at least define requirements for this case. As to Case 2 or combined Case 1 and Case 2, the condition and UE behavior (e.g. whether UE still does FH) is FFS in RAN1, we suggest to further wait for RAN1 conclusions.
Proposal 2: RAN4 to define requirements at least for Case 1, FFS whether and how to define requirements for Case 2 or combined Case 1 and Case 2 depending on RAN1 conclusion on the condition and UE behaviour for Case 2.
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
UE can achieve large BW by combining received signals from multiple hops. One important requirement in our view is the overall BW that UE can access with FH, which is based on number of hops and the number of overlapping RBs. In last meeting some companies ([2] and [3]) made concrete proposals. 
In our understanding, the proposed calculation in [2] and [3] are rather similar, and the overall BW with FH  can be defined as

where 
·  is the configured PRS BW and subject to UE capability (e.g. 100MHz)
·  is number of hops UE can perform within a single MG occasion. It depends on PRS resource configuration and switching time, and we will discuss its definition next.
·  is the supported BW per hop which is UE capability (e.g. 20MHz)
·  is the BW of the overlapping RB which is under discussion in RAN1
This overall BW will determine the achievable accuracy of PRS measurement with FH. Of course, other factors will also impact e.g. the timing error between hops, and this can be discussed in the Perf part.
Proposal 3: For Case 1, RAN4 to define the overall BW with FH 

where 
·  is the configured PRS BW and subject to UE capability 
·  is number of hops within a single MG occasion
·  is the supported BW per hop which is UE capability 
·  is the BW of the overlapping RB
Number of hops within a single MG occasion is well analyzed in [2]. The proposal is to define hopping on comb pattern basis. However, we understand this may not be feasible if we consider the following factors on real deployments.
· The actual sampling duration for a PRS resource is not only the resource duration, but it will be extended due to the TOA search window 
· There is non-zero time difference between the serving cell and the target cell, meaning the PRS resource from a non-serving cell is not aligned with the symbol boundary of the serving cell
· UE needs to measure multiple resources (from same and different target cells) per hop, and different resources may have different expected RSTD, different symbol offsets or even different slot offsets.
Our suggestion is to define hopping on slot basis, i.e. the time duration of each hop is K slots, including both the sampling duration for multiple PRS resources and the RF switching time as shown in Figure 1.  
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Figure 1: Illustration of FH on K-slot basis
The length of the sampling duration represents a trade-off between NW flexibility and efficiency of FH. On one hand, it would be good if NW can concentrate all PRS resources in a short sampling duration, so that UE can hop more times to get larger BW. On the other hand, short sampling duration means there are limits on the comb size and symbol/slot offsets for PRS resources in different cells.
Table 1 shows the RF switching time in number of symbols. Considering the trade-off discussed above, we suggest K’=1 for if the RF switching time is ≤ 7 symbols and K’=2 otherwise. This would leave at least 7 symbols for the sampling duration.
Table 1: RF switching time in number of symbols
	FR
	SCS
	RF switching time (us)

	FR1
	
	70
	140
	210

	
	15
	1
	2
	3

	
	30
	2
	4
	6

	
	60
	4
	8
	12

	FR2
	SCS
	RF switching time (us)

	
	
	35
	70
	125

	
	60
	2
	4
	7

	
	120
	4
	8
	14


Besides, it is important that the repetitions for all PRS resources are same in each hop, so the PRS repetition interval M (given by dl-PRS-ResourceTimeGap) should be also considered. For example, if M=4 then there is no point to have K smaller than 4 because PRS resources repeats every 4 slots. The final hop length K can be defined as 

where
·  if the RF switching time is ≤ 7 symbols and  otherwise
·  is the PRS repetition interval (given by dl-PRS-ResourceTimeGap)
Having the hop length K, the number of hops can be defined as 

where 
·  is the number of PRS repetitions within the MG occasion
·  is the number of slots per hop, as discussed above 
It can be seen that when M=K, the number of hops is same as the number of repetitions. The reason is that UE can do one hop in every repetition interval. When M < K, UE needs more than one repetitions per hop, so the number of hops is a fraction of number of repetitions. As no RF switching time is needed after the last hop, the down scaling due to M < K is only applied to the first (N-1) hops.  
It should be further noted that the number of hops in an MG occasion is upper bounded by . For example, the configured PRS BW is 50MHz, UE can receive 20MHz PRS per hop and 1 overlap RB is needed between two hops, the maximum number of hops Nhop,max would be 3 even there are 10 resource repetitions in the MG. Nhop,max can be derived from the formula in Proposal 3.
Proposal 4: The number of hops within a single MG occasion  is defined as

where 
·  is the number of PRS repetitions within the MG occasion
·  is the PRS repetition interval (given by dl-PRS-ResourceTimeGap)
·  is the number of slots per hop and  
·  if the RF switching time is ≤ 7 symbols and  otherwise
·  is the maximum number of hops derived from the configured PRS BW  
For measurement period of Case 1, existing requirements for MG-based measurement can be re-used as baseline, and some adaptation may be needed related to Lprs. 
Based on discussion above, UE only takes samples in the sampling duration in each hop, so Lprs can be defined as Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion; Lper_hop is the PRS duration per hop, and same as in current requirements it is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214.
It should be also clarified that the measurement requirements are only applicable to PRS resources in the sampling duration in each hop. If there are PRS resources in the RF switching time in each hop, then UE is not expected to measure them. 
Proposal 5: For Case 1, existing requirements for MG-based measurement are re-used as baseline, and the following adaptations are considered:
· Lprs = Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion, and Lper_hop is the PRS duration per hop;
· The requirements are applicable only to PRS resource in the sampling duration in each hop.
	Issue 2-1-2: Relation with Rel-16/Rel-17 positioning for PRS measurements with FH
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.


One open issue from last meeting is whether TEG can be supported for RedCap positioning measurement with FH. Technically, the support of TEG may not be same as without FH because the group delay can be different in each hop. However, TEG framework is quite flexible, and it is up to UE to associate TEG ID to the measurements and report the applied timing error margin. In this sense, we do not see any issue to support TEG with FH from standard point of view. 
Proposal 6: TEG is supported for RedCap positioning measurement with FH.
Conclusions
In this paper we provided our views on RRM requirements for RedCap positioning.
Proposal 1: Re-use CSSF definition for non-RedCap UE in clause 9.1.5.2.2 to include the impact of PRS measurement in CSSF definition for RedCap UE in clause 9.1A.5.2.
Proposal 2: RAN4 to define requirements at least for Case 1, FFS whether and how to define requirements for Case 2 or combined Case 1 and Case 2 depending on RAN1 conclusion on the condition and UE behaviour for Case 2.
· Case 1: UE reports measurement based on multiple hops
· Case 2: UE reports measurement associated to a single hop
Proposal 3: For Case 1, RAN4 to define the overall BW with FH 

where 
·  is the configured PRS BW and subject to UE capability 
·  is number of hops within a single MG occasion
·  is the supported BW per hop which is UE capability 
·  is the BW of the overlapping RB
Proposal 4: The number of hops within a single MG occasion  is defined as

where 
·  is the number of PRS repetitions within the MG occasion
·  is the PRS repetition interval (given by dl-PRS-ResourceTimeGap)
·  is the number of slots per hop and  
·  if the RF switching time is ≤ 7 symbols and  otherwise
·  is the maximum number of hops derived from the configured PRS BW  
Proposal 5: For Case 1, existing requirements for MG-based measurement are re-used as baseline, and the following adaptations are considered:
· Lprs = Nhop * Lper_hop, where Nhop is the number of hops that UE can do in an MG occasion, and Lper_hop is the PRS duration per hop;
· The requirements are applicable only to PRS resource in the sampling duration in each hop.
Proposal 6: TEG is supported for RedCap positioning measurement with FH.
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