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At the RAN1#110b-e meeting, the following observations, conclusions and agreements were made regarding enhancements for positioning support of RedCap UEs [1]:
Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for IIOT scenarios:
· Based on the results provided by a majority of X sources, for InF-SH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 5MHz or 20MHz of bandwidth.
· Sources in R1-2208457, R1-2210179 show that UL TDOA cannot meet the requirement
· Sources in R1-2209994, R1-2210179 show that multi-RTT cannot meet the requirement
· Sources in R1-2208803, R1-2208985, R1-2209061, R1-2209108, R1-2209153, R1-2209217, R1-2209491, R1-2209740, R1-2210179 show that DL-TDOA cannot meet the requirement
· Source in R1-2208652 shows that the requirement can be met using 20MHz of bandwidth.
· Source in R1-2208652 shows that the requirement cannot be met using 5MHz of bandwidth.
· Based on the results provided by a majority of X sources, for InF-SH in FR2, the horizontal positioning requirement for IIOT use cases is achieved by Rel.17 solutions using 100MHz of bandwidth.
· Sources in R1-2209994 show that multi-RTT can meet the requirement
· Sources in R1-2209217 show that DL-TDOA can meet the requirement
· Based on the result provided by the following source, for InF-DH in FR1, the horizontal positioning requirement for IIOT use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth.
· Source in R1-2209108 show that the requirements for IIOT use cases cannot be met for InF-DH. 
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions
Observation
Capture the following observations in the TR, regarding the baseline performance for positioning of Redcap UEs for commercial scenarios
· Based on the results provided by R1-2208457, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and UL-TDOA.
· Based on the results provided by R1-2209740, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz of bandwidth and DL-TDOA.
· Based on the results provided by R1-2209994, for Umi in FR1, the horizontal positioning requirement for commercial use cases is not achieved by Rel.17 solutions using 20MHz or 5 MHz of bandwidth and multi-RTT.
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 
Observation
Capture the following observations in the TR:
Regarding the performance for positioning of Redcap UEs using frequency hopping in IIoT scenarios, considering phase offset between hops:
·  In FR1, based on the results provided by the following sources, 
· if the phase offset between hops in Frequency hopping is compensated, for InF SH the positioning requirement for IIOT use cases can be achieved using frequency hopping with partial overlap for the purpose of phase offset compensation,  
· Sources in R1-2208457 show that UL TDOA can meet the requirements
· Sources in R1-2208457, R1-2209217, show that DL TDOA can meet the requirements
· Sources in R1-2208652, show that the requirement cannot be met, even if the phase is compensated. 
· If the phase offset between hops in Frequency hopping is not compensated
· Sources in R1-2209217 show that DL TDOA can meet the requirements if the random phase offset is set to be smaller than 0.5*2π.
· If the phase offset is ideally compensated 
· Sources in R1-2208652, show that DL TDOA can meet the requirements
· In FR2, based on the results provided by the following sources,
· R1-2209994 observed that the requirements can be met even if the phase is not compensated
· R1-2209217 observed that PRS frequency hopping can improve positioning performance if the random phase between hops can be adjusted in FR2, InF-SH scenario.
· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 
Observation
Capture the following observations in the TR:
Regarding the performance for positioning of Redcap UEs using frequency hopping in commercial scenarios, considering phase offset between hops:
· In FR1, based on the results provided (R1-2208457, R1-2209994), for the UMi positioning requirement for commercial use cases, positioning accuracy improvement is observed by X sources when the phase offset between hops in Frequency hopping is considered, if frequency hopping with partial overlap for the purpose of phase offset compensation is used, and if the phase offset is compensated.
· Source in R1-2208457 shows that positioning accuracy improvement is observed with UL TDOA with phase offset compensation but requirements are not met 
· Source in R1-2208457 shows that positioning accuracy improvement is observed with DL TDOA with phase offset compensation but requirements are not met  
· Source in R1-2209994 shows that positioning accuracy improvement is observed with Multi RTT with phase offset compensation but requirements are not met
· Note: Sources used different combinations of number of hops, gap size between hops and partial overlap sizes in their evaluations
· Note: Editorial modifications and addition of references for the sources may be added by the rapporteur when capturing the agreement in the TR, including replacing sources by references and providing the number of sources in the main bullet points, and including additional sources and other revisions. 
Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of the gap between two consecutive hops includes at least from 100us to 5ms.
· Companies should indicate if other smaller values are used in their evaluations, and justify the feasibility of smaller values
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.
Agreement
For the evaluation of TX/RX frequency hopping for positioning of redcap UEs, the value of UE speed includes 3 km/h, 30 km/h, 60km/h.
· Other values are not precluded
Conclusion
The evaluation results for positioning for RedCap UEs using carrier phase measurements can be captured in the TR to show whether target requirement of positioning for RedCap UEs can be met or not, but any non-RedCap-specific enhancements regarding CPP should be studied under AI 9.5.2.2 in Rel-18.
· For the modelling of error sources specific to carrier phase measurements, the evaluations assumptions agreed in AI 9.5.2.2 are reused.
· Note: Phase-difference AoD can be included in the evaluations. Support of Phase-difference AoD for CPP should be discussed under AI 9.5.2.2.
In the contribution, we present our views on potential enhancements that can be considered to improve positioning performance for RedCap UEs. 
Baseline positioning performance for RedCap UEs
At the RAN1#110 meeting, it was agreed that the target accuracy requirements for RedCap UEs are defined as horizontal position accuracy (< 3 m) and vertical position accuracy (< 3 m) for 90% of UEs for commercial use cases for both indoor and outdoor scenarios; and horizontal position accuracy (< 1 m) and vertical position accuracy (< 3 m) for 90% of UEs for IIoT use cases [2].
In this section, we provide preliminary simulation results for positioning for RedCap UEs. In the simulations, NR UE with 100MHz and 4Rx branches and RedCap UEs with 20MHz and 1Rx branch are assumed for positioning. Note that for these results no frequency hopping (across bandwidths larger than 20 MHz) is assumed.
Table 1 illustrates positioning SLS simulation results for non-RedCap UE and RedCap UEs. From the table, it can be observed that with limited bandwidth for RedCap UEs, horizontal positioning accuracy cannot meet the 3 m target for 90% of UEs using conventional FAP algorithm. However, when MUSIC algorithm is employed, < 3m horizontal positioning accuracy can be achieved for 90% of UEs. 
[bookmark: _Ref111209430]Table 1. SLS simulation results for non-RedCap and RedCap UEs
	
	Horizontal positioning error

	
	50%
	67%
	80%
	90%

	InF-SH
(FR1)
	non-RedCap UE with 100MHz, 4Rx branches
	FAP
	0.7997
	0.9877
	1.1608
	1.3961

	
	
	MUSIC
	0.4476
	0.6257
	0.7988
	0.9767

	
	RedCap UE with 20 MHz, 1Rx branch
	FAP
	2.7862
	3.7437
	4.5173
	5.2377

	
	
	MUSIC
	1.0722
	1.5408
	1.9693
	2.4456


Observation 1
· As a baseline performance (i.e., without any air interface enhancements):
· For RedCap UEs with limited bandwidth, i.e., 20MHz in FR1, and reduced number of Rx branches, < 3 m horizontal positioning accuracy may not be achievable using conventional FAP algorithm.
· When MUSIC algorithm is employed, < 3m horizontal positioning accuracy can be achieved for 90% of UEs

Design aspects for positioning support of RedCap UEs
In this section, we consider the frequency hopping with bandwidth stitching techniques to resolve the problem of insufficient time accuracy for the RedCap UEs, if enhancements for higher accuracy would be necessary.
Frequency hopping for UL SRS for positioning
At the RAN1#110b-e meeting, it was agreed to 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 [1]. The basic principle of frequency hopping mechanism for RedCap positioning relies on the bandwidth stitching technique for the positioning reference signals, wherein a wideband channel is effectively realized based on multiple channel observations to enhance the time resolution of the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods. 
More specifically, the multiple channel observations obtained with frequency hopping measurements can be processed at the receiver side to “stitch” them into a wideband channel realization. Eventually it results in a sample time duration reduction and the discrete Fourier size extension. For bandwidth stitching technique, transmission of UL-SRS for positioning in adjacent frequency hops needs to be overlapped in frequency domain so as to allow coherent combining of the channel observations in multiple frequency hops at the receiver. 
The bandwidth stitching technique for RedCap positioning can be realized by the form of Tx hopping, Rx hopping and BWP switching. In particular, Tx frequency hopping may apply for the transmission of UL SRS for positioning as illustrated in Figure 1. For this option, UE may transmit UL SRS for positioning in different BWPs to constitute a wideband SRS transmission.  
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[bookmark: _Ref111104536]Figure 1. Tx frequency hopping for UL SRS for positioning
Given the bandwidth limitation for RedCap UEs, BWP switching may be involved during DL PRS reception or UL SRS transmission in different time instances. As defined in NR, depending on whether center frequency and BW of BWP remain unchanged and UE capability, the BWP switching delay can be up to 2 ms. This long BWP switching delay may not be desirable for coherent combining of the channel observations with relatively large timing separation, which may lead to degraded positioning performance for RedCap UEs. 
In our view, BWP and/or frequency hopping latency values that are significantly shorter than Rel-15 BWP switching times (e.g., of the order of few OFDM symbols) should be considered for RedCap UL positioning. 
Proposal 1
· For UL positioning, a RedCap UE may transmit UL SRS for positioning in different BWPs beyond maximum RedCap UE bandwidth based on simplified BWP hopping to constitute a wideband SRS transmission.
· Simplified BWP hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.

Frequency hopping for DL PRS
At the RAN1#110b-e meeting, 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 [1]. For DL PRS transmission, either Tx or Rx frequency hopping can be enabled to improve the positioning accuracy for Redcap UEs. Tx frequency hopping for DL PRS transmission can be realized similar to that for UL SRS for positioning as illustrated in the Figure 1. 
Similarly, Rx frequency hopping may apply for the DL PRS reception for RedCap UEs, as illustrated in Figure 2. In this case, gNB may transmit a wideband DL PRS sequence in the allocated resource, while RedCap UEs would perform frequency hopping in different time instances for DL PRS reception. Compared to the Tx frequency hopping, this option may be beneficial so as to allow efficient multiplexing of DL PRS transmission for RedCap and non-RedCap UEs. Further, in contrast to the UL case, for DL reception, it may not be necessary to define the different portions of the frequency resources as different DL BWPs.
[image: ]
[bookmark: _Ref113739347]Figure 2. Rx frequency hopping for DL PRS reception

Considering that latencies associated with application of new BWP configuration may be simplified if the frequency hopping is only limited to DL-PRS reception or UL-SRS transmissions and the hopping patterns may be known semi-statically, the switching delay may primarily need to accommodate the RF retuning and AGC settling times (latter for DL reception). In this regard, RAN1 should consider sending an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods requiring much shorter RF retuning gaps than Rel-15 BWP switching times.
Further, as illustrated in the Figure 1 and Figure 2, the frequency resource for multiple DL-PRS transmission/reception or UL SRS transmission would overlap during frequency hopping so as to allow coherent combining of the estimated channels at the receiver. To provide accurate estimation of the phase difference between different hops, appropriate amount of frequency resources needs to be determined on the overlapped regime for DL-PRS or UL-SRS transmission/reception. 
Based on the discussions above, if enhancements are determined as necessary for RedCap UEs, Tx or Rx frequency hopping with bandwidth stitching technique for DL PRS and UL SRS can be considered as promising solutions in order to enhance the timing-based estimates of the DL-TDOA, UL-TDOA, and Multi-RTT positioning methods for the RedCap UEs. 
Proposal 2
· For DL positioning, a gNB may transmit a wideband DL PRS sequence in the allocated resource over multiple symbols/slots, while a RedCap UE may perform frequency hopping in different time instances to receive different parts (in frequency) of the wideband DL PRS.
· Simplified frequency hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.
Proposal 3
· Send an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods for UL SRS transmission or DL PRS reception using much shorter RF retuning gaps than Rel-15 BWP switching times, considering at least the following assumptions:
· BWP or frequency hopping may be limited to DL-PRS reception or UL-SRS transmissions only (i.e., no Rx/Tx of other channels/signals), and
· the hopping patterns may be known a priori based on higher layer configuration.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on potential enhancements that can be considered to improve positioning performance for RedCap UEs. Further, we summarize the observations and proposals as follows:
Observation 1
· As a baseline performance (i.e., without any air interface enhancements):
· For RedCap UEs with limited bandwidth, i.e., 20MHz in FR1, and reduced number of Rx branches, < 3 m horizontal positioning accuracy may not be achievable using conventional FAP algorithm.
· When MUSIC algorithm is employed, < 3m horizontal positioning accuracy can be achieved for 90% of UEs
Proposal 1
· For UL positioning, a RedCap UE may transmit UL SRS for positioning in different BWPs beyond maximum RedCap UE bandwidth based on simplified BWP hopping to constitute a wideband SRS transmission.
· Simplified BWP hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.
Proposal 2
· For DL positioning, a gNB may transmit a wideband DL PRS sequence in the allocated resource over multiple symbols/slots, while a RedCap UE may perform frequency hopping in different time instances to receive different parts (in frequency) of the wideband DL PRS.
· Simplified frequency hopping mechanism with frequency retuning gaps that are much shorter than Rel-15 BWP switching times should be explored during the normative phase.
Proposal 3
· Send an LS to RAN4 soliciting feedback on feasibility of simplified BWP and frequency hopping methods for UL SRS transmission or DL PRS reception using much shorter RF retuning gaps than Rel-15 BWP switching times, considering at least the following assumptions:
· BWP or frequency hopping may be limited to DL-PRS reception or UL-SRS transmissions only (i.e., no Rx/Tx of other channels/signals), and
· the hopping patterns may be known a priori based on higher layer configuration.
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