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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To support positioning for RedCap UEs, the following objectives were identified:
	· 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 our initial views on PRS/SRS frequency hopping to achieve RedCap UE positioning.
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2.1 PRS frequency hopping
For DL PRS frequency hopping, 2 solutions were raised during the study item phase, as shown below. One is PRS reception frequency hopping, in which gNB transmits a wide-band DL PRS, and the RedCap UE receives the wide-band PRS in a frequency hopping way. The other is PRS transmission and reception frequency hopping, in which gNB transmits and RedCap UE receives narrow-band DL PRS resources in a frequency hopping way.


Figure 1: Two solutions of DL PRS frequency hopping
During the discussion of RAN plenary, some companies commented that whether the WID scope includes DL PRS transmission reception. Our understanding is that only DL PRS reception frequency hopping is included in the scope. The reasons are that:
1) The current WID objective clearly mentions that “Specify support of Frequency Hopping (FH) beyond maximum RedCap UE bandwidth for reception of DL PRS”, i.e., only DL PRS reception frequency hopping is included.
2) To introduce DL PRS transmission frequency hopping, large specification impact on DL PRS design, e.g., transmission frequency hopping pattern, should be defined. From workload perspective, we prefer to focus on DL PRS reception frequency hopping.
3) For R16/17 eMBB UEs, wide-band DL PRS is required to achieve high positioning accuracy requirement. To additionally support narrow-band DL PRS transmission frequency hopping for RedCap UEs, these DL PRS resources cannot be reused by the legacy eMBB UEs, and the overhead of DL PRS resources will be improved. 
Observation 1: DL PRS transmission frequency hopping has large specification impact and introduces heavy DL PRS resource overhead.
Proposal 1: Only consider DL PRS reception frequency hopping in the normative phase.

To support DL PRS reception frequency hopping, RAN4 should further define requirements on UE measurements from a narrow-band part of a wide-band PRS.
Proposal 2: It is up to RAN4 to define requirements on UE measurements from a narrow-band part of a wide-band PRS.


2.1 SRS positioning frequency hopping
In NR R16 positioning, frequency hopping of SRS for positioning resources was not support. However, in R15, frequency hopping of MIMO SRS resources was specified so that a UE can use a relatively small transmit power to sound a larger bandwidth. For a MIMO SRS resource, both intra-slot (for P/SP/AP-SRS) and inter-slot (for P/SP-SRS) frequency hopping were supported. When frequency hopping is configured, SRS resource is transmitted in a frequency hopping way across difference subcarrier sets, and the set value is determined by number of adjacent symbols Ns and repetition R.
To support SRS positioning frequency hopping for RedCap UE positioning, the following issues are identified:
1) SRS for positioning configuration is per BWP. In NR R16/17 positioning, SRS for positioning resources are configured per UL BWP. For RedCap UE, however, the maximum BWP is configured as 20 MHz. In such cases, there may have two potential solutions. One is to introduce a virtual BWP, which is equivalent to 100 MHz. The SRS for positioning resources for RedCap UE frequency hopping transmission is configured per this virtual BWP, and for each hop, the SRS is transmitted within a set of subcarriers up to 20MHz with different point A. However, it may have impact on RedCap UE capability, which is not supported by legacy RedCap UEs. The other is to enhance the SRS for positioning configuration, in which the SRS for positioning frequency hopping is configured across multiple BWPs.


Figure 2: Illustration of SRS for positioning configuration with respect to BWP
2) SRS for positioning frequency hopping configuration: For the configuration of SRS positioning frequency hopping, there may have three potential configuration method, as shown below. One is to follow the configuration logic of R15 MIMO SRS, i.e., frequency hopping is configured for a given MIMO SRS resource. In such a case, different hops are different symbols within one SRS for positioning resource. Note that as certain switching gaps should be configured for a RedCap UE to perform RF retuning, it indicates that an SRS for positioning resource for frequency hopping does not occupy consecutive symbols, which is not aligned with legacy SRS for positioning resource design. The second method is to configure frequency hopping for a given SRS for positioning resource set, in which different hops are different resources within one SRS for positioning resource set. Furthermore, different frequency hops can be configured as different SRS for positioning resource sets.


Figure 3: Illustration of SRS for positioning frequency hopping configuration 
3) BWP configuration and activation: For a RedCap UE with a maximum BWP of 20MHz, to obtain an equivalent 100 MHz UL measurement, 5 hops should be configured, indicating that 5 BWPs should be configured. However, in NR, a UE can only be configured with up to 4 BWPs in a carrier. In addition, the BWP activation field in DCI is 2 bits to indicate up to 4 BWPs. If more than 4 BWPs are configured for a RedCap UE to perform positioning, the DCI format should be further enhanced accordingly.
Proposal 3: Consider the following issues and enhancements on SRS for positioning configuration to support frequency hopping:
· The relationship of SRS for positioning configuration with UL BWP.
· SRS for positioning frequency hopping configuration level, e.g., resource level, resource set level, BWP level.
· Limitation on BWP configuration and activation.

As shown in the figure below, a RedCap UE is required to retune its RF chain to transmit different SRS frequency hops, and hence, some random phase rotation between different hops will be introduced and will lead to performance degradation. 


To mitigate the impact of phase discontinuity, partial overlapping in the frequency domain should be considered. The number of PRBs used for estimation of phase offset can be configured by the network. 
Proposal 4: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.


Conclusions
In this contribution, we provide our views on RedCap UE positioning, and the following observations and proposals are made:
Observation 1: DL PRS transmission frequency hopping has large specification impact and introduces heavy DL PRS resource overhead.

Proposal 1: Only consider DL PRS reception frequency hopping in the normative phase.
Proposal 2: RAN4 should define requirements on UE measurements from a narrow-band part of a wide-band PRS.
Proposal 3: Consider the following issues and enhancements on SRS for positioning configuration to support frequency hopping:
· The relationship of SRS for positioning configuration with UL BWP.
· SRS for positioning frequency hopping configuration level, e.g., resource level, resource set level, BWP level.
· Limitation on BWP configuration and activation.
Proposal 4: To support RS frequency hopping, the partial overlapping in the frequency domain should be considered to mitigate the phase discontinuity between different hops.
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