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1. Introduction
[bookmark: _Hlk30969022]In R16, the positioning functionality was introduced to NR system. In R17, further enhancement for positioning was studied and specified to improve the accuracy, latency, UE power consumption and so on. In RAN#93e meeting, a new SI was approved for the expanded and improved NR positioning [1]. In addition to further enhancement on the traditional dimensions for NR positioning, the main focus of this SI is to expand the NR positioning technology to more scenarios and to new types of UEs. To be specific, the R18 positioning SI focuses on three aspects
· Slidelink positioning 
· Improved accuracy, integrity and power efficiency for NR positioning
· Positioning support for RedCap UE
For the expanding of positioning to new types of UEs, R18 SID focuses on the positioning support for RedCap UEs, and the corresponding objective is captured as below [1]:
	· 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]


According to the above objective, RAN1 have evaluated the performance of existing positioning method for RedCap UEs and decided that enhancements on DL and UL frequency hopping captured as in the WID [3] is necessary based on the evaluation results. 
	· 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].


Thus, in this contribution, we will discuss the DL and UL frequency hopping for RedCap UEs and appendix our evaluation results during previous SI phase. 
2. Enhancements on frequency hopping
In RAN1#110bis-e, the following two agreements were achieved to study UL SRS for positioning and DL PRS with frequency hopping, respectively. These two agreements made in RAN1 are perfectly aligned with the WID. 
Agreement
Study the potential enhancement of the UL SRS for positioning to enable Tx frequency hopping, including but not limited to partial overlapping between hops, hopping bandwidth, time gap between frequency hopping.

Agreement
Study the potential enhancement of the DL PRS to enable Tx or Rx frequency hopping, including but not limited to impact on processing capability, hopping bandwidth in the positioning frequency layer, time gap between frequency hopping, measurement period, partial overlapping between hops.

For UL/DL positioning RS, recall the limitation of RedCap UEs on maximum frequency bandwidth, i.e. 20MHz for FR1 and 100MHz for FR2. If the target occupied frequency at FR1 is to cover 100MHz, there should be at least 5 times (20MHz * 5) of frequency hopping. 
One approach is to relax the frequency restriction (i.e. up to 20MHz per BWP at FR1) for RedCap UEs. The purpose is to allow the configured DL/UL BWP for frequency hopping to be up to 100MHz. During each frequency hopping in any given OFDM symbol(s), only 20MHz bandwidth can be occupied by RedCap UE. The benefit of this operation comes from the fact that no DL/UL BWP switch would be introduced, thereby the associated requirement of BWP switch delay. But the drawback of it may level up the requirement of RF (up to 100MHz) which seems not affordable for the RedCap UEs. 
Another approach is to keep the frequency restriction per BWP (i.e. up to 20MHz per BWP at FR1). But RedCap UEs can carry out frequency hopping among different DL/UL BWPs when receiving/transmitting PRS and SRS for positioning in different OFDM symbol(s) respectively. 
In RAN1#112bis-e, the following conclusion has been made to align the maximum bandwidth per hop. 
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.

Table 8.6.2-1: BWP switch delay
	[image: ]
	NR Slot length 
	BWP switch delay TBWPswitchDelay (slots)

	
	(ms)
	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 smaller SCS between the SCS before BWP switch and the SCS after BWP switch.


In RAN1#112bis-e, the following agreements were made on the hopping granularity of SRS for positioning. 
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

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

In current NR, BWP switching delay should be considered. Take the BWP switching delay specified in TS 38.133 for reference in above table. At least there is 1ms or 3ms (depending on UE capability) time delay per each BWP switch. To reduce the latency, RAN1#112 decided to send an LS to RAN4 to check feasible values for switching time between hops when considering the case that numerology, bandwidth and Tx/Rx antennas used for each hop can be the same.
Let’s recall that the SRS frequency hopping specified for MIMO requires no gap in time domain, i.e. symbol-by-symbol frequency hopping within a slot and within the same BWP. But as for RedCap UEs, it may require BWP switching as we mentioned above. Within each BWP, there could be an SRS resource for positioning, rather than one SRS resource across all the BWPs. 
Proposal 1: For RedCap UEs positioning, support the SRS frequency hopping across multiple BWPs within one SRS resource.  
3. Conclusions
In this contribution, we discussed various aspect of the positioning support for RedCap UEs. Based on the discussion, we would like to repeat these proposals.
Proposal 1: For RedCap UEs positioning, support the SRS frequency hopping across multiple BWPs within one SRS resource.  
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