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Introduction
In the last WG meeting, RAN4 reached the below agreements for frequency hopping from RedCap UE positioning.
	Issue 1-2-1: Reply LS to RAN1 on use of a single measurement gap for DL PRS with Rx hopping measurement
Agreements:
· RAN4 confirms a single instance of a measurement gap for receiving all the hops for DL PRS with Rx frequency hopping is sufficient depending on the PRS configuration supported by the UE and considering that all gap patterns from gap ID # 0 to gap ID # 25 are supported for RedCap.
Issue 2-2-1: Simulations for 1Rx with FH
Agreements:
· Link simulation assumptions for RedCap positioning measurement with FH according to R4-2314460. 


In this paper we provide our views on frequency hopping and its impact on RRM spec.
Frequency hopping in DL
This objective intends to enable UE with RedCap measurements for positioning purpose. More specifically, the frequency hopping of PRS/SRS will be introduced. Therefore, there are RRM impact brought by frequency hopping on measurement requirements. For example, the following aspects need discussion in RAN4.
Measurement on single hop vs. multiple hops
RAN1 agreed that a single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning, and one measurement, where the measurement is associated with one received hop are supported. This means both single hop measurement and multiple hop measurement are supported from RAN1 perspective. Further, it was agreed that more measurements, where each measurement is associated with one received hop are not supported for PRS and positioning SRS with frequency hopping. 
The main motivation of supporting a single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning is to achieve accurate positioning measurement through coherent processing of an equivalent wideband reference signal. For one measurement based on a single hop, this may be beneficial if one of the hops has to be dropped due to collision with other DL/UL channels and signals. In this case, receiver may not be able to coherently combine all the hops for positioning measurement. If advanced algorithm, e.g., MUSIC is implemented at the receiver, targeted positioning performance based on a single hop measurement may still be achieved.  
In case of DL PRS or UL SRS for positioning with frequency hopping for RedCap UEs, it may not be desirable to support the positioning measurements based on single hop and multiple hops in a single measurement report. For proper operation, measurements associated with multiple hops should be considered as default mode of operation, while measurements associated with single hop may be reported only when one of the hops is dropped. Toward this direction, positioning measurements based on single hop and multiple hops are separately reported.
Likely the report for single and multiple hops measurements are reported differently, so RAN4 considers to specify two different sets of measurement performance requirements. 
Regarding measurement delay requirements, we are open whether RAN4 introduces a separate set of requirements.
Proposal 1: A separate set of measurement performance requirements is introduced for multiple hop measurements for positioning purpose in addition to single hop requirements.
Timing error and phase error between two hops 
As mentioned above, as Rx frequency hopping pattern for DL PRS is not specified, and it is up to UE implementation how to perform Rx frequency hopping. However, to achieve better performance the UE could use coherent processing among multiple hops of an equivalent sideband reference signal. For such multiple hop cases, RAN4 needs to consider the phase and timing error between two hops when specifying requirements. 
Regarding the phase error since RAN1 introduces overlap in the frequency domain among the hops to counter the effect from phase error, we could simply not consider phase errors in our discussion. 
However, timing error upper bound is one of the focuses here. Under the current assumption on RF retuning time needed for RX frequency hopping (e.g., less than 0.5ms in FR1, 0.25ms in FR2) UE can maintain reasonable timing. If the gap among these RX hops is too big, the error on timing when UE combining received PRSs in the different hopping could NOT be neglected.  


Figure 1 DL-PRS frequency hopping receptions
Observation 1: Timing errors among PRS RX hopping brought by timing drifts could impact RedCap positioning performance.  
Observation 2: The maximum tolerable timing error among PRS RX hopping depends on the gap between any two consecutive hops, the total number of hops and the RRC state UE is in. 
Proposal 2: The maximum tolerable timing error among all PRS RX hopping shall be considered in RAN4 specification. 
Impacts on UE implementation
With Rx hopping, there is an impact on UE implementation. For an example, as illustrated in the figure below the UE soft buffer is enhanced to cope with hopping receptions. 


Figure 2 UE soft buffer used for DL-PRS hopping receptions
Thus, we need to introduce a new UE capability which supports multiple hops measurements.
Observation 3: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 3: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
Conclusion
In this paper we provide our views on frequency hopping and its impact on RRM spec.
Proposal 1: A single set of measurement requirements is specified in RAN4 which apply to both single and multiple hop measurement for positioning purpose.
Observation 1: Timing errors among PRS RX hopping brought by timing drifts could impact RedCap positioning performance.  
Observation 2: The maximum tolerable timing error among PRS RX hopping depends on the gap between any two consecutive hops, the total number of hops and the RRC state UE is in. 
Proposal 2: The maximum tolerable timing error among all PRS RX hopping (e.g. <[32Tc]) shall be considered in RAN4 specification. 
Observation 3: UE soft buffer potentially needs to be enlarged to support PRS RX hopping. 
Proposal 3: In order to support RX hoping PRS in Redcap UE, the additional UE capability with enlarged soft buffer size shall be considered. 
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