


3GPP TSG-RAN WG4 Meeting #110	R4-2401224
Athens, Greece, Feb 26 – Mar 1, 2024


Agenda item:	8.14.2.4
Source: 	Qualcomm Incorporated
Title: 	On RRM core maintenance for RedCap positioning
Document for:	Discussion
Introduction
RAN4 completed RRM core requirements for Rel-18 RedCap positioning in RAN4#109. New agreements and open issues were captured in a WF [1].
In this paper we address remaining issues for measurements with frequency hopping.
Discussion
 Requirements with frequency hopping
RAN4 reached further agreements for PRS measurement requirements with Rx frequency hopping [1].
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.


Good progress was made in the previous RAN4 meeting. However, the measurement period requirements with Rx frequency hopping in RRC_CONNECTED, RRC_INACTIVE and RRC_IDLE are still pending. 
Proposal 1: RAN4 to first discuss requirements for PRS measurements with FH in RRC_CONNECTED and leverage agreements to the extent possible to define the corresponding requirements in RRC_IDLE/RRC_INACTIVE.
The main open issues are the following:
1. How to define the requirement on the expected (minimum) number of hops given the measurement gap length, PRS configuration parameters and UE capabilities (e.g. retuning time between Rx hops)?
2. What is the assumption on the time duration of PRS measured per Rx hop?
3. How to define the time duration of available PRS to be measured?
The first and second issues are coupled. Time spent by the UE retuning its receiver between Rx hops is overhead, nothing can be received/measured during that time. If a UE measures a short PRS duration in each hop and requires a long time to retune between hops, it would not be an efficient use of the PRS resources. In the best case, it means that the UE takes longer to complete the measurements. i.e. the UE would need more measurement gap occasions to measure all the PRS resources. In the worst case, long retuning times may limit the number of Rx hops the UE can measure since all the hops (for each PRS resource) have to fit within a single measurement gap instance. For example, Figure 2 and Figure 3 show two different UEs attempting to measure the PRS resources shown in Figure 1. Figure 2 shows a UE with relatively fast retuning, capable of measuring 4 hops for each PRS resource. In contrast, the slower UE shown in Figure 3 can only measure two hops per PRS resource.
As a first step to define the expected number of Rx hops, RAN4 should define an upper bound on the overhead due to Rx hopping. Our proposal is to assume up to 50% overhead. i.e. the fraction of the measurement period spent retuning between hops should be no more than 50%.
Proposal 2: Assume up to 50% overhead from Rx hopping when defining the measurement period requirement and the number of Rx hops measured per MG occasion. i.e. the fraction of time within each measurement gap spent retuning between hops is at most 50%. RAN4 may not need to capture this assumption in the specifications.
Next, lets tackle the definition of the number of hops. Basically, the above proposal says that to determine the number of hops that can be measured by the UE, the duration of each hop is assumed to be equal to the retuning time. We believe this is well aligned with the proposals in [2]. In that paper, the authors propose to define requirements assuming one hop per slot if the retuning time of the UE is at most half a slot (7 symbols). Otherwise, two slots per hop (equivalent to half a hop per slot) would be required. As noted in [2], the longest retuning time (relative to the slot duration) that the UE can report is 1 slot. Therefore, one hop every two slots is the slowest hopping rate that needs to be considered by RAN4 if 50% retuning overhead is assumed.
We agree that one hop per slot and one hop every two slots can be supported depending on the retuning time between hops supported by the UE. We are also interested in specifying requirements for UEs that can retune faster, with up to two hops per slot, under suitable conditions. In [2] it was pointed out that the hop duration should be long enough to accommodate differences in the time of arrival of PRS from different TRPs. We agree with that observation and therefore we propose that two hops per slot is only assumed if there are multiple (at least three) intra-slot repetitions (comb repetitions) of the PRS resources. Our proposal for number of Rx hops per slot is shown below.


Proposal 3: Define the number of Rx hops per slot  as follows
	Retuning time between Rx hops 
	(comb size, Number of PRS symbols)
	Applicable number of hops per slot 

	
	(≤ 4, 12)
	2

	
	All others
	1

	
	(≤ 6, any)
	1

	
	(12, 12)
	½

	
	Any combination
	½






[bookmark: _Ref159057323]Figure 1: PRS pattern with 4 inter-slot repetitions inside a MG .



[bookmark: _Ref159057034][bookmark: _Ref159057028]Figure 2: Example of Rx hopping pattern with . Four Rx hops can be measured by the UE. Two MG instances are needed to measure one sample.



[bookmark: _Ref159057047]Figure 3: Example of Rx hopping pattern with . Two Rx hops can be measured by the UE. One MG instance is needed to measure one sample.



For the total number of Rx hops in a single measurement gap instance, our proposal below takes into account the following factors: the maximum number of Rx hops supported by the UE, the number of inter-slot PRS repetitions within the gap, the spacing between inter-slot repetitions, and the applicable number of Rx hops per slot.
Proposal 4: The number of Rx hops measured by the UE in a MG instance is given by

where
·  is the maximum number of Rx hops signaled in the UE capability (FG 41-5-1)
·  is the effective number of Rx hops within a MG instance
·  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 (dl-PRS-ResourceTimeGap)
·  is the number of Rx hops per slot
Our proposal for the measured PRS bandwidth with Rx hopping is shown below. Based on companies’ proposals from previous meetings there seems to be broad support for the proposed definition.
Proposal 5: The minimum PRS BW expected to be measured with Rx hopping 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
·  is the number of Rx hops measured by the UE within a MG instance
As discussed previously, measurements with Rx hopping may incur additional measurement delay due to retuning overhead. We propose to account for additional delay by introducing a new scaling factor in the measurement period formula as shown below. The scaling factor is at most 2x, consistent with the 50% overhead assumption. A lower scaling factor value may be applied depending on the ratio of the number of Rx hops measured by the UE to the number of PRS resource repetitions available within the measurement gap instance. In our proposal,  is calculated in the same way as for non-hopping PRS measurements.
Proposal 6: Add a scaling factor  to the measurement period formula to account for Rx hopping overhead for PRS measurements with Rx hopping:

where
·  for ,
·  for ,
and
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times,
·  is the number of Rx hops measured by the UE in a MG instance.

The proposals above rely on the assumption that all PRS resources in a given PFL have the same time structure, i.e. same number of inter-slot repetitions and spacing between inter-slot repetitions. Otherwise, the formulas may become too complicated. If the assumption of uniform time structure is not satisfied, the measurement period can be extended by an unspecified amount.
Proposal 7: The measurement period requirement with FH (multiple hops) applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within an MG instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
In addition to the above, other applicability conditions for measurements with FH may need to be discussed by RAN4. As a baseline, applicability conditions for measurements without FH may be extended also to measurements with FH. 
Proposal 8: Measurement requirements with FH apply to PRS resources that have a duration (including RSTD uncertainty) not larger that the UE PRS processing capability N.
Proposal 9: RAN4 to discuss additional applicability conditions for PRS measurements with Rx hopping and/or measurement period extensions to address large differences in expected RSTD between PRS resources in the assistance data.
Finally, if the UE reports measurements with single Rx hop, the requirements for measurements without hopping would apply.
Proposal 10: If a RedCap UE reports PRS measurements with single Rx hop when Rx hopping is requested, the requirements for measurements without Rx hopping apply.


Conclusions
Proposal 1: RAN4 to first discuss requirements for PRS measurements with FH in RRC_CONNECTED and leverage agreements to the extent possible to define the corresponding requirements in RRC_IDLE/RRC_INACTIVE.
Proposal 2: Assume up to 50% overhead from Rx hopping when defining the measurement period requirement and the number of Rx hops measured per MG occasion. i.e. the fraction of time within each measurement gap spent retuning between hops is at most 50%. RAN4 may not need to capture this assumption in the specifications.
Proposal 3: Define the number of Rx hops per slot  as follows
	Retuning time between Rx hops 
	(comb size, Number of PRS symbols)
	Applicable number of hops per slot 

	
	(≤ 4, 12)
	2

	
	All others
	1

	
	(≤ 6, any)
	1

	
	(12, 12)
	½

	
	Any combination
	½



Proposal 4: The number of Rx hops measured by the UE in a MG instance is given by

where
·  is the maximum number of Rx hops signaled in the UE capability (FG 41-5-1)
·  is the effective number of Rx hops within a MG instance
·  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 (dl-PRS-ResourceTimeGap)
·  is the number of Rx hops per slot
Proposal 5: The minimum PRS BW expected to be measured with Rx hopping 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
·  is the number of Rx hops measured by the UE within a MG instance


Proposal 6: Add a scaling factor  to the measurement period formula to account for Rx hopping overhead for PRS measurements with Rx hopping:

where
·  for ,
·  for ,
and
·  is the number of PRS inter-slot repetitions within a single MG instance, excluding the gap retuning times,
·  is the number of Rx hops measured by the UE in a MG instance.
Proposal 7: The measurement period requirement with FH (multiple hops) applies provided all PRS resources in a PFL have the same number of inter-slot repetitions within an MG instance and the same spacing between inter-slot repetitions. If these conditions do not apply the measurement period can be longer.
Proposal 8: Measurement requirements with FH apply to PRS resources that have a duration (including RSTD uncertainty) not larger that the UE PRS processing capability N.
Proposal 9: RAN4 to discuss additional applicability conditions for PRS measurements with Rx hopping and/or measurement period extensions to address large differences in expected RSTD between PRS resources in the assistance data.
Proposal 10: If a RedCap UE reports PRS measurements with single Rx hop when Rx hopping is requested, the requirements for measurements without Rx hopping apply.
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