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1. Introduction
The SID [1] on expanded and improved NR positioning has the following objective for RedCap:

	· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs [RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]



We discuss the progress in RAN1 and present a way forward in RAN2 for RedCap positioning.
2. Discussion
RedCap UE was introduced in Rel-17 and has the following capabilities compared to eMBB.
· Maximum bandwidth is 20MHz for FR1, and 100 MHz for FR2
· Maximum mandatory supported DRB number is 8
· Mandatory supported PDCP SN length is 12 bits while 18 bits being optional
· Mandatory supported RLC AM SN length is 12 bits while 18 bits being optional
· Number of DL MIMO layers: 1 if 1 Rx branch is supported, 2 if 2 Rx branches are supported
· No support of CA, MR-DC, DAPS, CPAS and IAB

According to the evaluation results provided by companies in RAN1#109 and RAN1#110, positioning accuracy of a RedCap UE will be inferior to that of an eMBB UE due to the limited bandwidth of the RedCap UE. Accordingly, RAN1 discussed the accuracy requirements and potential solutions to meet those requirements in RAN1#109 and RAN1#110. Subsequent sections present the progress in RAN1 and the potential enhancements needed in RAN2.
2.1	Summary of RAN1’s progress and discussion
Some of the RAN1 agreements from RAN1#110 [2] that are relevant for discussion in RAN2 are listed below: 
	Agreement
For the purpose of the Rel-18 study 
· The target accuracy requirements for RedCap UEs for commercial use cases are defined as follows:
· Indoor and outdoor
· Horizontal position accuracy (< 3 m) for 90% of UEs
· Vertical position accuracy (< 3 m) for 90% of UEs 
· The target accuracy requirements for RedCap UEs for IIoT use cases are defined as follows:
· Horizontal position accuracy (<1 m) for 90% of UEs 
· Vertical position accuracy (< 3 m) for 90% of UEs  
· Note: the requirements may not be met in all scenarios and use cases

Agreement
The potential benefits and performance gains of frequency hopping of the DL PRS and UL SRS can be investigated in release 18, which may take into account at least the following:
· The impact of Doppler, phase offset, timing offset, power imbalance among hops
· RedCap UE capability and complexity considerations
· Impact of RF retuning during frequency hopping
· Details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching) for the study are FFS




As seen from RAN1’s agreements, RAN1 will study the benefits of frequency hopping of DL PRS and UL SRS in Rel-18. For better understanding, we provide the potential candidate solutions that are proposed by companies in RAN1 meetings in Figure 1 and Figure 2. The solutions can be mainly classified into two categories, i.e., frequency hopping transmission and frequency hopping reception that are described in the following sub-sections.
2.1.1	Frequency Hopping Transmission
The two potential candidate solutions are:

Solution 1a: Non-overlapped Frequency Hopping Transmission

UE transmits the SRS in a frequency hopping way, then the TRP performs TOA measurements utilizing several consecutive hops. For example, the TRP could combine the SRSs from several consecutive hops (e.g. 5 hops) into a “wide-band” (e.g. 100MHz or close to 100MHz) SRS and obtains a TOA result. Another way may be the TRP performs TOA measurement using the received “narrow-band” (e.g. 20MHz) SRS for each hop and averages all results across several hops.

Solution 1b: Overlapped Frequency Hopping Transmission

Similarly, UE transmits the SRS in a frequency hopping way. The main difference is we consider an overlapped part in the frequency domain for two adjacent hops to solve the random phase offset issue introduced by the frequency hopping process. Then the TRP performs phase estimation and compensation for every two adjacent hops. The final positioning result is obtained by utilizing the “wide-band” SRS spliced by the SRS from several consecutive hops.

Solution 1a. Non-overlapped Frequency Hopping Transmission
Solution 1b. Overlapped Frequency Hopping Transmission

Figure 1: Potential candidate solutions with Frequency Hopping Transmission for RedCap positioning
 
2.1.2	Frequency Hopping Reception
The two potential candidate solutions for PRS reception in a frequency hopping way were discussed and are shown in Figure 2. For instance, the TRP can transmit a “wide-band” (e.g., 100MHz) PRS, while the receiver (RedCap UEs) could perform the TOA measurement. Similarly, two sub-solutions are proposed in RAN1 meetings, i.e., Non-overlapped Frequency Hopping Reception (Solution 2a) and Overlapped Frequency Hopping Reception (Solution 2b).

Solution 2a. Non-overlapped Frequency Hopping Reception 
Solution 2b. Overlapped Frequency Hopping Reception

Figure 2: Potential candidate solutions with Frequency Hopping Reception for RedCap positioning
Observation 1: Frequency hopping of DL PRS and UL SRS will be studied in RAN1 to fulfil the target requirements of RedCap positioning.

2.2	Potential Enhancements in RAN2
With the assumption that RAN1 agrees frequency hopping for UL SRS and/or DL PRS, the configuration and switching mechanism of the hops may be specified in RAN2. BWP switching allows activating an inactive BWP and deactivating an active BWP simultaneously. BWP switching can be triggered by any of the following:
1. DCI based switching: DCI commands (DCI 1-1 and DCI 0-1) are used to schedule data and allows switching pre-configured BWPs.
2. RRC signalling: With RRC Reconfiguration or SCell activation, BWP can be switched for transmission and reception.
3. bwp-InactivityTimer: If there is no data transmission or reception at the UE for a long time, switching to a BWP with a relatively small bandwidth happens at the UE.
Proposal 1: RAN2 confirms that switching of frequency hopping for UL SRS and/or DL PRS is enabled by BWP switching.

3GPP TS 38.133 [4] specified BWP switch delay requirements. For RRC-based BWP switching, the BWP switch delay is 6ms. For DCI and timer-based BWP Switching mechanisms, BWP switch delay requirements are given in Table 1.

Table 1: DCI and timer-based BWP switch delay requirements
	[image: ]
	NR Slot length (ms)
	BWP switch delay TBWPswitchDelay (slots)

	
	
	Type 1Note 1
	Type 2Note 1

	0
	1
	1 
	3

	1
	0.5
	2 
	5

	2
	0.25
	3
	9

	3
	0.125
	6
	18

	Note 1:	Depends on UE capability.
Note 2:	If the BWP switch involves changing of SCS, the BWP switch delay is determined by the larger one between the SCS before BWP switch and the SCS after BWP switch.



We can observe that the current BWP switch time is slot-level. Assuming 5 hops for the frequency hopping, the total BWP switching delay will be higher and may have a negative impact on positioning accuracy. So RAN2 may need to study enhancements to BWP switching mechanisms. 

Observation 2: Enhancements to BWP switching mechanisms may be needed to fulfil the requirements of positioning accuracy.

However, RAN1 is still evaluating the details of frequency hopping (including Tx hopping and/or Rx hopping, BWP switching), RAN2 should wait until RAN1 finalizes the details of frequency hopping.

Proposal 2: RAN2 should wait until RAN1 finalizes the details of frequency hopping.
3.	Conclusion
In this contribution, we discussed the progress of RedCap positioning in RAN1 and made the following observations and proposals:
[bookmark: _GoBack]Observation 1: Frequency hopping of DL PRS and UL SRS will be studied in RAN1 to fulfil the target requirements of RedCap positioning.
Observation 2: Enhancements to BWP switching mechanisms may be needed to fulfil the requirements of positioning accuracy.
Proposal 1: RAN2 confirms that switching of frequency hopping for UL SRS and/or DL PRS is enabled by BWP switching.
Proposal 2: RAN2 should wait until RAN1 finalizes the details of frequency hopping.
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