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1 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK12] A RedCap UE is a bandwidth limited UE for both downlink and uplink. The work item objective states that
	· Specify support of positioning for UEs with Reduced Capabilities (RedCap UEs)
· Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS and transmission of UL SRS for positioning [RAN1, RAN2].
· NOTE: The complexity of the corresponding capabilities for RedCap UEs should be addressed for the introduction of appropriate capabilities for RedCap UEs.
· Specify RRM requirements for positioning including RRM measurements and procedures for RedCap UEs for both with and without frequency hopping [RAN4].




In this contribution, we provide the solution to support the frequency hopping.
 

2 Frequency hopping for downlink
For a BW limited UE within a carrier with larger BW than UE, the RX frequency hopping is a method to process the signals (DL-PRS) in other frequencies than the BW that the UE stays. The DL-PRS in other frequencies don't mean it should be transmitted by a wider BW. There are basically two solutions for RedCap UEs to process DL-PRS with larger BW,
1. Wider DL-PRS with sufficient repetition
2. Wider DL-PRS with limited repetition and together with narrower DL-PRS with TX hopping

The solution 1 may be concerned with the large RS overhead. For the solution 2, the RS overhead could be maintained. However, a normal UE to process the hopped DL-PRS is a new implementation behavior and the gain maybe limited. 

This also means, the TX hopped DL-PRS may not be needed unless a RedCap UE is under location request for measurement. For two solutions, we have the following observations,
· Solution 1:
· It may not have the specification impact. The processing capability maybe further revisited for RedCap UEs
· UE may perform RX frequency hopping with the own hopping behavior
· It is not clear in real deployment, the repetition for wider DL-PRS BW is realized
· If the repetition for wider DL-PRS BW is limited, the DL-PRS pattern may select the one with large resource duration
· For example, comb-4 with 12 symbols, which is similar to have 2 extra repetitions within a slot. However one repetition may not be used due to RF retuning
· Solution 2:
· The RX frequency hopping behavior at UE side may follow the TX hopping pattern
· The narrower hopped DL-PRS could be in cascaded in time domain with wider DL-PRS to facilitate RX frequency hopping
· The hopped DL-PRS is transmitted when it is needed

Both solutions are feasible, we prefer solution 2 because we do believe that RS overhead is critical impact to system efficiency.

To realize the solution 2, the hopped DL-PRS could be under the on-demand mechanism. The RedCap UEs may indicate the BW limited capability during capability transfer through LPP. The RF retuning capability may also be indicated so that the time gap between hopping could be determined. Finally, the location server may further request the base stations for the transmission of hopped DL-PRS.

Proposal 2-1: For downlink, support both UE RX frequency hopping and TX frequency hopping for narrower DL-PRS

Proposal 2-2: The hopped DL-PRS maybe in on-demand manner

Proposal 2-3: Consider the indication of BW limited property during capability transfer through LPP 

Proposal 2-4: The RF retuning capability may also be indicated during capability transfer through LPP so that the time gap between hopping could be determined 

Proposal 2-5: The RedCap UEs perform the measurement within gaps in RRC connected state

3 Transmission frequency hopping for uplink
In a CC, SRS is transmitted within UL active BWP in RRC connected state, and SRS could be transmitted within UL initial BWP or outside UL initial BWP depending on the UE capability in RRC inactive state. 

A UE performing the TX frequency hopping may leave away from the configured UL BWP, and then return to the original UL BWP. The duration for hopping is expected to be as short as possible. Some factors may influence the hopping duration,
· RF retuning time, which maybe UE specific
· SRS resource duration (symbol number of a resource)
· The number of hops

Let RF retuning time = x symbols. SRS resource duration = y symbols and hopping number = N. Fig. 3-1 shows an example that if the SRS transmission doesn't start from the own UL BWP, one additional RF retuning is needed, as such the hopping duration is (N+1)*x + N*y, where N= 5 in this example.

There are several parameters depending on NW control or UE capability,
· RF retuning time in terms of symbol number, which is UE capability
· SRS resource duration, which is NW control
· Transmission BW, which is NW control
· Partial overlapping size, which is NW control
· Hopping number, which is also NW control. This parameter maybe related to the partial overlapping size and the transmission BW

To control the hopping pattern, the following methods maybe feasible,
· NW may request UE to provide the RF retuning capability
· The partial staggering pattern for SRS is adopted

Based on the above, we propose,

Proposal 3-1: For RedCap UEs, support TX frequency hopping outside UL BWP

Proposal 3-2: UE may provide the RF retuning capability to NW

Proposal 3-3: The partial staggering RS pattern could be considered for hopping

Proposal 3-4: A rule may need to be defined to abort the hopping
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                      Fig. 3-1,


4 Conclusion
Proposal 2-1: For downlink, support both UE RX frequency hopping and TX frequency hopping for narrower DL-PRS

Proposal 2-2: The hopped DL-PRS maybe in on-demand manner

Proposal 2-3: Consider the indication of BW limited property during capability transfer through LPP 

Proposal 2-4: The RF retuning capability may also be indicated during capability transfer through LPP so that the time gap between hopping could be determined 

Proposal 2-5: The RedCap UEs perform the measurement within gaps in RRC connected state

Proposal 3-1: For RedCap UEs, support TX frequency hopping outside UL BWP

Proposal 3-2: UE may provide the RF retuning capability to NW

Proposal 3-3: The partial staggering RS pattern could be considered for hopping

Proposal 3-4: A rule may need to be defined to abort the hopping
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