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Introduction
In RAN4#109 meeting, RAN4 discussed the general RRM impacts of the RedCap UE positioning on specs and the Core part has officially finalized. The conclusions are captured in [1]. But there are still some issues related to measurement period requirements with FH need to be further checked. In this paper, we will discuss these open issues. 
Discussion
Number of hops within a single MG
The number of hops within a single MG occasion will be used to calculate the time duration of available PRS in the positioning frequency layer i during a MG when deriving the measurement period requirements with FH. Also, it will be used for UE to calculate the overall bandwidth over which the positioning measurements are performed with multiple hops in a MG and to decide whether the measurement results satisfy the measurement accuracy requirements. 
Two potential solutions were proposed in last meeting and were analysed in detail in [2][3] which are copied below: 
	Issue 2-3-6: Number of hops within a single MG occasion
· Proposals
· Option 1: HW
· 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 
· Option 2: QC
·  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.


The main difference between two options is that hops in Option 1 is defined based on slot-level, while it is based on comb pattern in Option 2 which considers the cases where multiple hops are performed within one slot. Both solutions have merits and demerits. 
	
	Merits
	Demerits

	Option 1
	1. Ease to calculate the number of hops in a single MG, i.e., .
2. NW has more flexibility to configure PRS resources.
	1. Does not include the cases where multiple hops are performed within one slot. 

	Option 2
	1. Include the cases where multiple hops are performed within one slot, i.e., supporting fast hopping solution. 
	1. A little bit complex to calculate the number of hops in a single MG, i.e., .
2. Limit the NW flexibility to configure PRS resources.


Except that two options have a few differences, both are able to cover most of cases where at least one slot is used to perform one hopping. We prefer to combine two options based on Option 1 to accommodate the cases where multiple hops are performed within one slot. And note that the modifications are only for short RF switching cases, i.e., . 
Step1: Before calculate the number of slots per hop in a single MG, i.e.,  in Option 1, check the value of . 
-	If , which means the number of OFDM symbols that UE needs for RF switching is larger than 7, and therefore UE is not likely to perform more than one hop in one slot, go to Step3, i.e., the mechanism in Option 1 applies. 
-	If , UE is possible to perform multiple hops in one slot. Then calculate the possible number of hops in one slot, , using the equation below, 

Where
 is the number of OFDM symbols for PRS resources in one slot. 
 is the PRS comb size. 
 is the number of OFDM symbols for RF switching time. 
Note1: The flooring operation is used to limit the time for receiving the last hop and RF switching to the same slot. 
Note2: The ceiling operation is used because no RF switching time is considered for the last hop in a slot. 
Step2: Check the value of . 
-	If it is equal to or larger than 1, which means at least one hop can be performed per slot, then the following modified equation based on Option 1 can be used to derive the number of hops in a single MG occasion, 

		The Step3 is skipped. 
-	It is also possible to be 0 in some combinations of comb sizes, PRS OFDM symbols, and RF switching times, which means more than one slot is required to perform one hop, then change  to 2 and go to Step3 to apply the mechanism in Option 1. 
Step3: Apply the mechanism in Option 1, i.e., start to calculate  and follow the rest of rules. 
A CR that captures the above solution for all three RRC states is also submitted [4]. 
Proposal 1: Based on Option 1, the following modified solution that accommodates the cases where multiple hops are performed in one slot can be used to derive the number of hops in a single MG occasion for fast RF switching, i.e., : 
	Step1: Check the value of . 
-	If , calculate the possible number of hops in one slot ,

Where
 is the number of OFDM symbols for PRS resources in one slot. 
 is the PRS comb size. 
 is the number of OFDM symbols for RF switching time. 
Note1: The flooring operation is used to limit the time for receiving the last hop and RF switching to the same slot. 
Note2: The ceiling operation is used because no RF switching time is considered for the last hop in a slot.
-	If , go to Step3. 
Step2: Check the value of . 
-	If it is equal to or larger than 1, the number of hops in a single MG occasion is 

And the Step3 is skipped.
-	  If it equals to 0, then change  to 2 and go to Step3. 
Step3: Apply the mechanism in Option 1, i.e., calculate  and follow the test of rules. 
A CR (R4-2400082) that captures the above solution for all three RRC states is submitted. 
Measurement period requirements with FH in RRC_CONNTECTED
In last several meetings, some agreements related to measurement period requirements with FH were achieved. They are copied here for convenience. 
	RAN4#108bis meeting: 
[bookmark: _Hlk148007630]Issue 2-1-1: TEG for PRS measurements with FH
Agreements:
· Rx, Tx and RxTx TEG for UE positioning measurements with FH are supported in RAN4 requirements. It is RAN4 understanding that the existing TEG capabilities are also applicable for RedCap.
Issue 2-3-9: PRS measurement period requirements with FH
Agreements:
· Existing UE positioning measurement period can be reused as baseline for the corresponding UE positioning measurement period with FH. Some modification is expected to account for frequency hopping e.g. Lprs, measured PRS BW etc.
RAN4#109 meeting: 
Issue 2-3-3: Nsample for reduced number of samples in PRS measurement requirements with FH
Agreements:
· When UE is configured to perform positioning measurements with FH then Nsample = 2 is considered in measurement period requirement for reduced number of sample case.
Issue 2-3-4: Measurement sample definition under FH
Agreements:
· Measurement sample under FH is defined as a PRS measurement over multiple hops within a single measurement gap.
Issue 2-3-5: Number of Rx beam sweeps for defining PRS measurement requirements with FH
Agreements:
· The Rx beam sweeping factor (NRxBeam) definition in Rel-17 is reused for PRS measurements with FH.
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:
Issue 2-3-7: Type of PRS measurement requirements with FH
Agreements:
· RAN4 to define requirements for positioning measurement based on multiple hops.


And in RAN4#109 meeting, there were three proposals further discussing about PRS measurement period requirements with FH based on multiple hops: 
	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.


The legacy measurement period requirements are used as baseline and according to the agreements achieved in previous meetings, most of parameters are reused. A main issue that needs to be solved to finalize the measurement period requirements with FH is to determine the time duration of available PRS in the positioning frequency layer i to be measured within a MG, i.e., . Two related proposals were shown in the table above. 
Based on the discussion in Clause 2.1, Option 3 in the table is more reasonable, i.e., the time duration of available PRS can be derived by

Where 
 is the number of hops in a single MG occasion.
 is the time duration of available PRS per hop.
Other modifications to legacy measurement period requirements with FH include applicable Nsample is {2, 4}. 
Proposal 2: The legacy measurement period requirements are used as baseline, the modifications include: 
-	Applicable Nsample is {2, 4}.
-	The time duration of available PRS is derived by 

Where,
 is the number of hops in a single MG occasion. 
 is the time duration of available PRS per hop. 
-	Other parameters are reused. 
Number of hops in RRC_IDLE/INACTIVE
In RAN4#109 meeting, the PRS-based measurement period requirements with FH are also defined for RRC_IDLE/ RRC_INACTIVE states. However, the number of hops is defined based on measurement gap which is not applicable in RRC_IDLE and RRC_INACTIVE states. Hence, the number of hops in these two RRC states needs to be revisited. 
First, the measurement period requirements without FH still can be used as the baseline, and the main modification is how to define the number of hops when there is no measurement gap. Compared with the definition of the number of hops in RRC_CONNECTED state, it could be easier to define it in RRC_IDLE/INACTIVE state since there is no measurement gap limit. In our opinion, the number of hops can be derived based on the configured bandwidth for PRS resources and the number of overlapping PRBs between adjacent hops, considering the possible maximum number of hops defined by RAN1, {2,3,4,5,6}: 

Where  is the number of hops,  is the configured BW for PRS resources,  is the number of RBs per hop and  is the number of overlapping RBs between adjacent hops.
And the time duration of available PRS is derived by 

Where  is the time duration of available PRS per hop. 
Proposal 3: In RRC_IDLE or RRC_INACTIVE state, the number of hops can be derived by

Where  is the number of hops,  is the configured BW for PRS resources,  is the number of RBs per hop and  is the number of overlapping RBs between adjacent hops.
And the time duration of available PRS is derived by 

Where  is the time duration of available PRS per hop. 
Conclusions
This paper discussed the measurement period requirements with FH for RedCap UE positioning, and some proposals are provided:
Proposal 1: Based on Option 1, the following modified solution that accommodates the cases where multiple hops are performed in one slot can be used to derive the number of hops in a single MG occasion for fast RF switching, i.e., : 
	Step1: Check the value of . 
-	If , calculate the possible number of hops in one slot ,

Where
 is the number of OFDM symbols for PRS resources in one slot. 
 is the PRS comb size. 
 is the number of OFDM symbols for RF switching time. 
Note1: The flooring operation is used to limit the time for receiving the last hop and RF switching to the same slot. 
Note2: The ceiling operation is used because no RF switching time is considered for the last hop in a slot.
-	If , go to Step3. 
Step2: Check the value of . 
-	If it is equal to or larger than 1, the number of hops in a single MG occasion is 

And the Step3 is skipped.
-	  If it equals to 0, then change  to 2 and go to Step3. 
Step3: Apply the mechanism in Option 1, i.e., calculate  and follow the test of rules. 
A CR (R4-2400082) that captures the above solution for all three RRC states is submitted. 
Proposal 2: The legacy measurement period requirements are used as baseline, the modifications include: 
-	Applicable Nsample is {2, 4}.
-	The time duration of available PRS is derived by 

Where,
 is the number of hops in a single MG occasion. 
 is the time duration of available PRS per hop. 
-	Other parameters are reused. 
Proposal 3: In RRC_IDLE or RRC_INACTIVE state, the number of hops can be derived by

Where  is the number of hops,  is the configured BW for PRS resources,  is the number of RBs per hop and  is the number of overlapping RBs between adjacent hops.
And the time duration of available PRS is derived by 

Where  is the time duration of available PRS per hop. 
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