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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
Positioning of UEs with reduced capabilities (RedCap UE) were studied in the recently closed NR positioning Rel-18 study item. The NR positioning performance evaluation with the legacy Rel-17 and with the potential enhancements were conducted and the results were captured in TR 38.859 [1]. The potential techniques to enhance the performance of RedCap UE were identified.
In [2], agreements and conclusion were made mainly on the feature of DL-PRS Rx Frequency hopping, which are given below.
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured (select one alternative):
· Alt 1: within one SRS for positioning resource
· Alt 2: across resources, within one SRS for positioning resource set
· Alt 3: across resource sets, with all resources in a set corresponding to the same hop sub-bandwidth

Conclusion
For the positioning of redcap UEs, for the DL PRS reception and UL SRS transmission, the maximum hopping bandwidth for a single hop is 20MHz for FR1 and 100MHz with FR2.

Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together

Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.

Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules





This contribution discusses our views on positioning for RedCap UEs, particularly on positioning enhancement techniques suitable for RedCap UE.
2. Discussion
The operation of PRS with frequency hopping for RedCap UE were already approved. It includes both Rx frequency hopping and Tx frequency hopping for downlink and uplink-based positioning, respectively. In ideal case of DL-PRS reception with frequency hopping, the receiver combines DL-PRS in multiple sub-bands (e.g, the sub-band BW is the RedCap UE) to form a virtual wideband DL-PRS reception. A similar approach is also applied for the uplink direction. In reality, there is a random phase offset between the sub-bands depending on the receiver / transmitter characteristics and this led to the performance loss. In order to compensates the performance loss, we consider using bandwidth stitching to extend the bandwidth for positioning. For the downlink case, this requires gNB to transmit multiple bandlimited PRSs at different frequency and RedCap UE to receive these bandlimited PRSs individually and stitch them into one virtual wideband bandwidth for the PRS measurement. This method may alleviate the performance loss of RedCap UE due to the bandwidth limitation.
Bandwidth stitching requires RedCap UE to measure PRSs on multiple frequency sub-bands. These sub-bands can be transmitted and received in a hopping manner (frequency hopping). It requires RedCap UE to receive and measure different frequency hops in different time windows. Figure 1 below shows an illustration of frequency hopping operation for RedCap positioning. In this example, RedCap UE receives and measures 5 different frequency hops individually. One hop contains 1 PRS resource set in this case. By stitching 5 different 20MHz bandwidth PRSs, the RedCap UE can obtain a virtual wideband PRS signal/transmission. The positioning measurement based this virtual wideband BW is expected to achieve a comparable performance as a native 100MHz bandwidth PRS. The performance of bandwidth stitching has also been evaluated during the SID [1]. The simulation results shows that with combing 5 small hops (with 20MHz each), the performance is comparatively as good as the one with one native wide bandwidth (with 100MHz). 

[image: ]
[bookmark: _Ref127538763]Figure 1. Illustration of frequency hopping and bandwidth stitching for RedCap positioning.

[bookmark: _Toc127539483][bookmark: _Toc134794119]Proposal 1: Support frequency hopping with partial overlap with two adjacent frequency bands to compensate the performance loss due to the phase offset.  

The resource allocation is an important consideration for improving the performance of bandwidth stitching. Frequency hopping requires resources allocated at different time-frequency location, it can be with a staggered manner. One factor that can affect the performance is the total length of the measurement occasion. A long time gap between hops should be avoided as it introduces long measurement time and also may introduce additional phase offset due to the Doppler effect. Hence, we consider the frequency hopping operation should be consistent (i.e., uniform time-gap among gaps) and as compact as possile. This can be facilitated by defining a new parameter, so called time gap (T_gap) between two adjcent hops. By selecting the time gap Tgap properly, the benefit of bandwidth stitching operation (i.e., positioning accuracy improvement) can be achieved. In addition to the time gap, the overlapping region on the frequency spam should also be considered. Since bandwidth hopping would introduce an extra phase offset between hops, it is essential to define an overlapping region between two hops, such that the phase offset can be compensated.The overlapping region should be carefully defined, which should not be too large, but sufficient for phase offset estimation. To accomplish this, a parameter called F_ovl can be introduced to indicate the size of frequency allocation that overlap between hops. The size can be in a multiple of sub-carriers (e.g., PRB). Increasing F_ovl enlarges the overlapping region, which leads to better phase offset estimation but a smaller overall bandwidth, while decreasing F_ovl results in a larger bandwidth but less accurate phase offset estimation.
[bookmark: _Toc127539484][bookmark: _Toc134794120]Proposal 2: Introduce two higher layer parameters for configuration of hops, Tgap (the time gap between two hops) and F_ovl (the overlap resources in frequency domain), to facilitate bandwidth stitching in the frequency hopping operation.
[bookmark: _Toc127539485][bookmark: _Toc134794121]Proposal 3: These parameters (T_gap and F_ovl) should be configured for each measurement occasion or semi-consistent for multiple occasions. 
In principle, these parameters can help in optimizing the performance of bandwidth stitching and improve the accuracy of RedCap UE positioning. The configurability of these parameters offer flexibility in configuring the hopping pattern and provide a balance between phase offset estimation and overall bandwidth usage.
The PRS frequency hopping operation should be configurable to offer flexibility to the resource allocation arranged by the gNB for both uplink and downlink-based positioning. The illustration in Figure 1 shows an example of one possible hopping patterns in a staircase manner. However, we consider other hopping pattern is also possible which may not necessarily be in a non-staircase manner, meaning that the hops to be stitched is no need to be adjacent. By allowing the non-staircase-like pattern, the gNB have more freedom and flexibility in allocating resources, especially multiplexing multiple resources such as using comb structure. Bear in mind that in the non-staircase like hopping pattern, the time gap between two hops can be wider than the staircase pattern. The time gap T_gap should be properly defined to minimize the Doppler effect, especially for the high mobility redcap UE. 
[bookmark: _Toc134794122][bookmark: _Toc127539486]Proposal 4: The frequency hop resources to be stitched should have overlap resources in frequency domain, while in time domain, there is no need to restrict two frequency hops to be adjacent. 
UE capability is another aspect which shall be considered in supporting frequency hopping operation for the positioning purpose. In another work-item, NR RedCap UE Rel-18, it is expected the RedCap UE can be operated with limited bandwidth for PDSCH reception (i.e, 5 MHz). Hence, the trend is to reduce the capability of NR RedCap UE Rel-18 in comparison to NR RedCap Rel-17 (i.e, that can be operated with 20 MHz in FR1). Some examples related to the supporting frequency hopping for NR RedCap UE can be:
· A RedCap UE that is not capable to perform frequency hopping. In this case, low positioning estimation accuracy can be expected.
· A RedCap UE that is capable to perform the maximum number of frequency hopping. In this case, high positioning accuracy can be expected.
· A RedCap UE that is capable to perform a few number of frequency hopping. In this case, a medium positioning accuracy can be expected.
Different UE vendor may have different implementation requirements. Hence, providing such capability would provide flexibility to the UE / chipset vendor.
[bookmark: _Toc127539487][bookmark: _Toc134794123]Proposal 5: Support the UE capability parameter to reflect the supported frequency hopping operation for NR RedCap UE. (i.e, by considering the RedCap UE constraints / limitations).
When supporting DL-PRS reception with Rx frequency hopping, a time gap between two adjacent hops to allow the Rx UE to measure PRS and perform carrier switching needs to be considered by gNB. It is important to consider the UE’s processing time when configuring the gap. Therefore, we propose including UE processing time as part of the UE capability report.
[bookmark: _Toc134794124]Proposal 6: Support the RedCap UE’s processing time for Rx frequency hopping as part of the UE capability.
Regarding the measurement report when using DL Rx hopping or UL Tx hopping, it was a discussion in RAN1#112b_e meeting that which of the followings should be used:
· Option 1: A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning.
· Option 2: One or more measurements where each measurement is associated with one received hop.

We consider these two options can both be supported can be applied solely under certain condition. But we do not see the need to report these two types of measurement at the same time. In an ideal scenario where UE is capable of bandwidth stitching, UE should report one single measurement based on the combined virtual wideband. However, the UE may not be able to perform bandwidth stitching perfectly. For example, a UE may not be able to compensate the phase difference between two hops. Stitching two hops but without phase difference compensation may compromise the accuracy.  In such a case, option 2 can be adopted as a fallback operation. The UE can still measurement each hops individually, and report one or more measurements associated with each received hop.
[bookmark: _Toc134794125]Proposal 7: Support both options on measurement report when using DL Rx hopping or UL Tx hopping (i.e., Option 1 and Option 2). One single measurement for multiple hops is used when UE has capability to perform bandwidth stitching, while measurement per hop is used as a fallback operation when UE has no/partial bandwidth stitching capability. 

There was also a discussion on supporting frequency hopping operation within a PRS Processing Window (PPW). PPW concept would enable positioning procedure to be performed without a measurement gap. The motivation is to support low latency positioning. However, low latency aspect of RedCap UE was not evaluated during study item phase. The primary focus was on obtaining accurate positioning. Hence, we propose to down-prioritize the frequency hopping operation within a PRS Processing Window (PPW).
[bookmark: _Toc134794126]Proposal 8: Down-prioritize the frequency hopping operation within a PRS Processing Window (PPW) for RedCap UE.
In the last meeting, there was a discussion on whether to use a single of multiple MGs for Rx frequency hopping. To avoid the effect of doppler, frequency hopping should be done in a very short time, which may not be feasible when using multiple MGs. Hence, for RedCap positioning, we propose only supporting the use of a single instance of MG for DL PRS with Rx frequency hopping.
[bookmark: _Toc134794127]Proposal 9: For RedCap UE positioning, only support the use of a single instance of MG for DL PRS with Rx frequency hopping.
In terms of frequency hopping pattern, it has been agreed to use multiple hops within one DL PRS resource. However, this may not be feasible with considering of the DL Tx beam sweeping. Normally, one PRS resource-set may contain multiple resources. Hopping within a DL PRS resource may require a large number of carriers switches. For example, if 1 resource-set comprises 16 resources and for each resource it has 5 hops, the Rx UE needs to switch the hops 79 times (). Therefore, it is more feasible to perform hopping in a large scale, such as hopping across multiple PRS resources or hopping across multiple resource-set to reduce the switching frequency. 
[bookmark: _Toc134794128]Proposal 10: Support frequency hopping is configurable across multiple DL PRS resources or resource-sets.
3. Conclusion
In this contribution we provide our view on positioning support for RedCap UE. We made the following proposals:
Proposal 1: Support frequency hopping with partial overlap with two adjacent frequency bands to compensate the performance loss due to the phase offset.
Proposal 2: Introduce two higher layer parameters for configuration of hops, Tgap (the time gap between two hops) and F_ovl (the overlap resources in frequency domain), to facilitate bandwidth stitching in the frequency hopping operation.
Proposal 3: These parameters (T_gap and F_ovl) should be configured for each measurement occasion or semi-consistent for multiple occasions.
Proposal 4: The frequency hop resources to be stitched should have overlap resources in frequency domain, while in time domain, there is no need to restrict two frequency hops to be adjacent.
Proposal 5: Support the UE capability parameter to reflect the supported frequency hopping operation for NR RedCap UE. (i.e, by considering the RedCap UE constraints / limitations).
Proposal 6: Support the RedCap UE’s processing time for Rx frequency hopping as part of the UE capability.
Proposal 7: Support both options on measurement report when using DL Rx hopping or UL Tx hopping (i.e., Option 1 and Option 2). One single measurement for multiple hops is used when UE has capability to perform bandwidth stitching, while measurement per hop is used as a fallback operation when UE has no/partial bandwidth stitching capability.
Proposal 8: Down-prioritize the frequency hopping operation within a PRS Processing Window (PPW) for RedCap UE.
Proposal 9: For RedCap UE positioning, only support the use of a single instance of MG for DL PRS with Rx frequency hopping.
Proposal 10: Support frequency hopping is configurable across multiple DL PRS resources or resource-sets. 
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