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Introduction
RRM core requirements for RedCap positioning are discussed in RAN4#109, and the outcomes are captured in WF [1]. Based on [1] the following issues need to be further discussed. 
· FH: Number of hops and total BW
· FH: Measurement period 
· FH: Soft buffer size
 In this paper we will provide our views on RRM requirements for RedCap positioning.
Discussion
FH: Number of hops and total BW
	Issue 2-3-6: Number of hops within a single MG occasion
Agreements:
· Number of hops within a single MG occasion is defined as a requirement. The details are FFS:


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.
For above reasons, we understand the use case for intra-slot FH for which the time duration of one hop is less than one slot is very limited. For example, we consider half slot per hop, it requires NW to concentrate PRS resources from all TRPs plus the margin (time difference between TRPs, search uncertainty, etc.) within M OFDM symbols, and require UE to have a short RF retuning time of N OFDM symbols, and M + N <=7. 
Based on the analysis, the main applicable scenario for half slot per hop is where all PRS resources are within 2-symbol (implicitly with comb-2). This would limit NW flexibility including synchronization, and more importantly, number of TRPs that can be measured is very limited with comb-2 and 2-symbol. 
We instead suggest to define requirements on number of hops based on the assumption that hopping is on slot basis, i.e. the time duration of one hop is K slots (K ≥ 1), including both the sampling duration for multiple PRS resources and the RF switching time as shown in Figure 1.  
[image: ]
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 as well as NW synchronization.
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 K=M, 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 K > M, 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 K > M 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 , which is a UE capability (Component 3 of FG 41-5-1).
Proposal 1: 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 indicated as UE capability
	Issue 4-1-4: Applicable BW for defining PRS measurement accuracy for RedCap UE with FH
· Proposals
· Option 1: CATT
· The effective bandwidth for PRS measurements for RedCap with FH can be derived by the equation: , where, 
·  is the configured BW for PRS.
·  is the number of RBs per hop.
·  is number of hops.
·  is the number of overlapping RBs between hops.
· Option 2: HW
· For RedCap with FH, RAN4 to discuss the per hop BW and total measurement BW across all hops for defining accuracy requirements.
· Option 3: HW, Nokia
· 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 
· Option 4: QC
· The minimum PRS BW expected to be measured is given by

where
·  is the configured PRS BW
·  is the BW per hop signaled in the UE capability
·  is the minimum hop overlap signaled in the UE capability
·  if  or , otherwise 
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times
·  is the stride of PRS inter-slot repetitions
·  is the number of frequency hops per slot as a function of number of PRS symbols, PRS comb size, and retuning time between hops. FFS how to determine  from these parameters and whether to limit its maximum value.
· Recommended WF
· Discuss the option.


Once the number of hops is defined, RAN4 can also define the total BW across all hops, an important requirement that determines the achievable accuracy with FH. In our understanding, the overall BW with FH  can be defined based on number of hops and overlapping RBs as

where 
·  is an upper limit of total PRS BW, determined by the min among 1) the configured PRS BW, 2) UE capability (Component 1 of FG 41-5-1), and 3) total BW of all hops requested by LMF
·  is number of hops UE can perform within a single MG occasion as in Proposal 1.
·  is the supported BW per hop which is UE capability (Component 1 of FG 13-1)
·  is the BW of the overlapping RB which is UE capability (Component 6 of FG 41-5-1)
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 2: For Case 1, RAN4 to define the overall BW with FH 

where 
·  is determined by the min. among 1) the configured PRS BW, 2) UE capability (Component 1 of FG 41-5-1), and 3) total BW of all hops requested by LMF
·  is number of hops UE can perform within a single MG occasion as in Proposal 1.
·  is the supported BW per hop which is UE capability (Component 1 of FG 13-1)
·  is the BW of the overlapping RB which is UE capability (Component 6 of FG 41-5-1)
FH: Measurement period 
	Issue 2-3-8: PRS measurement period requirements with FH based on multiple hops
· Proposals
· Option 1: E///
· Lavailable for PRS measurement period requirement with FH is calculated as:
Lavailable= Lavailable per hop × Nhops + RFretuning time × (Nhops -1),
where
· Lavailable per hop is the time duration of PRS resource UE can measure in each hop and depends on the UE capability,
· RFretuning time is the RF retuning time based on UE reported capability,
· Nhops is calculated based on the DL PRS bandwidth UE can measure across all hops, PRS bandwidth UE can measure per hop and overlapping between hops supported by the UE.  Nhops = . BWTotal is the DL PRS bandwidth across all hops. BWper hop is the DL PRS BW UE can measurement in each hop. And PRBoverlapping is the number of overlapping PRBs between hops.
· Option 2: Xiaomi
· RAN4 can discuss UE Rx-Tx time difference requirements for Redcap UE with frequency hoping SRS upon RAN1’s conclusion, e.g.
· The legacy requirements on UE Rx-Tx time deference needs to be relaxed due to the additional switching time.
· Scheduling restriction because of the collision due to SRS TX hopped
· Option 3: HW
· 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.
· Recommended WF
· Discuss the options.


For measurement period, 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 3: 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.
FH: Soft buffer size
	Issue 2-3-9: UE capability with enlarged soft buffer to support PRS Rx hopping
· Proposals
· Option 1: Xiaomi
· In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered.
· Option 2: HW
· RAN4 not to further discuss enlarged soft buffer for FH given the RAN1 feature list.
· Option 3: Nokia
· The issues on soft buffer size for combining multiple hops of RedCap UE is not within the scope of RAN4 discussion.
· Recommended WF
· Discuss the options.


We agree that the soft buffer size that UE needs for FH is larger than that without FH because the total BW that is measured are different for the two cases. However, RAN1 already introduced separate capability for RedCap UE to perform FH, see Component 4 of FG 41-5-1 in the latest RAN1 feature list. Therefore, we do not see RAN4 needs to further discuss enlarged soft buffer for FH.
Proposal 4: RAN4 not to further discuss enlarged soft buffer for FH given the RAN1 feature list.
Conclusions
In this paper we provided our views on RRM requirements for RedCap positioning.
Proposal 1: 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 indicated as UE capability
Proposal 2: For Case 1, RAN4 to define the overall BW with FH 

where 
·  is determined by the min. among 1) the configured PRS BW, 2) UE capability (Component 1 of FG 41-5-1), and 3) total BW of all hops requested by LMF
·  is number of hops UE can perform within a single MG occasion as in Proposal 1.
·  is the supported BW per hop which is UE capability (Component 1 of FG 13-1)
·  is the BW of the overlapping RB which is UE capability (Component 6 of FG 41-5-1)
Proposal 3: 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 4: RAN4 not to further discuss enlarged soft buffer for FH given the RAN1 feature list.
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