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[bookmark: _Ref521334010]Introduction
At RAN#98 meeting, a new work item “expanded and improved NR positioning” was approved in RP-223549 [1]. The following table lists the part of objectives related to RedCap UE positioning.
	· 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 discuss frequency hopping patterns for the reception of DL PRS and transmission of UL SRS for positioning (SRS-Pos) for RedCap UEs positioning. In addition, PRS and SRS-Pos collision handling in HD-FDD are also discussed.
RedCap UEs Positioning with UL frequency hopping
The following agreement was achieved in RAN1#110 related to frequency hopping of the DL PRS and UL SRS [2].
	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


[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In Rel-18 SI, UL SRS-Pos frequency hopping via BWP switching was studied. In current specs, BWP switching can be achieved through three methods, including DCI-based, timer-based and RRC-based methods. For DCI-based and timer-based BWP switching methods, BWP switch delay requirements are given in Table 2.1-1 in TS 38.133 [3], which is copied in the following: 
[bookmark: _Ref115086210]







Table 2.1-1 DCI and timer-based BWP switch delay requirements [3]
	[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.



During Rel-18 SI, it was found that phase offset (e.g., caused by crystal oscillator frequency offset or Doppler) and time duration between different hops have a significant impact on RedCap UEs positioning performance. In order to reduce the impact of BWP switching on positioning performance, a new fast BWP switching method needs to be introduced. For example, by pre-configuring the BWP switching pattern, the time delay of two adjacent hops can be shortened via configuring a smaller switching time gap (e.g., 0.5ms/0.25ms) in BWP switching pattern. As a consequence, the total time delay of the entire frequency hopping processing can be significantly shortened when there are multiple BWP switchings.
Proposal 1: A new BWP switching method, e.g., using a pre-configured BWP switching pattern, should be introduced to reduce the switching latency of SRS-Pos Tx transmission for RedCap UEs positioning.

UL frequency hopping pattern
The following agreements were achieved in RAN1#110bis-e related to the evaluation of TX/RX frequency hopping for positioning of RedCap UEs [4].
	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



In Rel-18 SI, RedCap UEs positioning performance with UL SRS-Pos frequency hopping was evaluated. It was found that the positioning performance is affected by multiple factors in time and frequency domain. In time domain, the larger time gap and Rx/Tx timing error, the lower positioning accuracy. In frequency domain, partial overlapping size, and UE speed also affect positioning accuracy. Thus, it is important to carefully design the UL frequency hopping pattern. As is shown in the Figure 1, UL frequency hopping pattern information should include the following SRS-Pos configuration information in time domain and in frequency domain. Configuration information in time domain includes the start time of the frequency hopping pattern, the end time of the frequency hopping pattern, time gap between two consecutive hops (in unit of slot or OFDM symbol) and number of configured SRS-Pos resources in the frequency hopping pattern (E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP ). Configuration information in frequency domain includes partial overlapping size(granularity: PRB or RE), starting PRB index per frequency hopping, and the number of frequency hopping N, N={1,2,…,N_max} where N_max depends on UE capability.


[bookmark: _Ref126591628][bookmark: _Ref126591621]Figure 1: UL frequency hopping pattern
Proposal 2: UL frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· In time domain:
· The start time of the frequency hopping pattern 
· The end time of the frequency hopping pattern
· Time gap between two consecutive hops (in unit of slot or OFDM symbol)
· Number of configured SRS-Pos resources in the frequency hopping pattern(E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP)
· In frequency domain:
· Partial overlapping size (granularity: PRB or RE)
· Starting PRB index per frequency hopping
· The number of frequency hopping N, N={1,2,…,N_max}
· FFS: N_max

SRS-Pos collision handing in HD-FDD 
For RedCap UEs in FR1, three duplex operations (HD-FDD, FD-FDD, TDD) are supported. In Rel-16/Rel-17, when the SRS-Pos conflicts with PUSCH/PUCCH, the SRS-Pos symbol is dropped without affecting the transmission of PUSCH/PUCCH. In order to reduce the workload of standardization, the collision handling mechanism in Rel-16 can be reused for RedCap UEs positioning in FD-FDD and TDD. With this approach, as long as the SRS-Pos and PUSCH/PUCCH of the first two hops do not conflict, UL frequency hopping for RedCap UEs positioning will have gain.
Proposal 3: For RedCap UEs positioning in FD-FDD and TDD, reuse the SRS-Pos collision handling mechanism in Rel-16.
For RedCap UEs positioning in HD-FDD, there is potential collision of UL SRS-Pos transmission and other DL reception. Therefore, there is also a need to define collision handling rules for UL SRS-Pos transmission and other DL reception. 
Proposal 4: For RedCap UEs positioning in HD-FDD, collision handling rules for UL SRS-Pos transmission and other DL reception should also be defined.
RedCap UEs Positioning with DL frequency hopping

DL frequency hopping pattern
The following agreement was achieved in RAN1#110 related to frequency hopping of the DL PRS [2].
	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



DL frequency hopping mode (Tx hopping and/or Rx hopping)
DL frequency hopping can be realized through Tx hopping or Rx hopping. In the following, we discuss both of them.
The Tx hopping with partial overlapping is illustrated in Figure 2. In different time instances (t1, t2 and t3), each TRP transmits its DL hopping PRS signals, and the with partial overlapping bandwidth, i.e., PRS#1 and PRS#2 share a common partial bandwidth, and PRS#2 and PRS#3 share a common partial bandwidth. The RedCap UEs estimates channel frequency response (CFR) H1, H2, H3 based on DL PRS at time instance t1, t2 and t3. By use of the PRS signal on the partially overlapped bandwidths, RedCap UEs obtains the phase difference between time instance t2 and t3: , and the phase difference between time instance t1 and t2: . The following formula can be used to correct the phase offset between time instance t1, t2 and t3 and get the modified CFR .



The advantage of DL PRS Tx hopping is that the network only needs to send a DL PRS with partial bandwidth at each time instance, which can effectively reduce interference between different TRPs. The disadvantage of Tx hopping lies in that RedCap UEs cannot share the legacy Rel-16 PRS with normal UEs. Thus, the approach is more suitable for the scenarios where only RedCap UEs need positioning service. 


Figure 2: DL PRS hopping Type 1 (Tx hopping with partial overlapping bandwidth)
The DL PRS Rx hopping with partial overlapping is illustrated in Figure 3. The difference between Tx hopping and Rx hopping lies in the difference of DL PRS transmissions in TRP. For Rx hopping, different TRPs transmit DL PRS with repetitions in slot level or PRS resource level (e.g., comb-2/12-symbols has 6 repetitions). The receiving process for Rx hopping is the same as that for Tx hopping.
The benefit of Rx hopping is that it allows sharing the legacy Rel-16 PRS across normal UEs and RedCap UEs.


Figure 3: DL PRS hopping Type 2 (Rx hopping with partial overlapping bandwidth)
Proposal 5: For Rel-18 RedCap UEs positioning with DL frequency hopping, support both Tx hopping and Rx hopping with partial overlapping of DL PRS. 
· FFS: how to reuse the PRS configuration of normal UEs for Rx hopping.


DL Frequency hopping pattern
In our view, DL frequency hopping for RedCap UEs can reuse the same pattern and allocation information as UL frequency hopping for RedCap UEs. For allocation information of DL PRS in time domain and frequency domain, at least the following three methods can be used. 
· Method 1: absolute value for each time instance; 
· Method 2: absolute value for the each time instance t(n), difference of value in adjacent time instance t(n+1) and t(n); 
· Method 3: absolute value for the first time instance t(1), difference of value in time instance t(n) and t(1).
Proposal 6: DL frequency hopping for RedCap UEs positioning can reuse the same pattern and allocation information as UL frequency hopping for RedCap UEs positioning. 
DL PRS collision handing in HD-FDD
For RedCap UEs in FR1, three duplex operations (HD-FDD, FD-FDD, TDD) are supported. For RedCap UEs positioning in FD-FDD and TDD, the same PRS collision handing rules between DL PRS and other DL signals/channels within PRS processing window (PPW) in Rel-16 and Rel-17 can be reused.
For RedCap UEs positioning in HD-FDD, there is potential collision of DL PRS and other UL transmission within PPW. Therefore, there is a need to define collision handling rules for DL PRS and other UL transmission within PPW. In our view, the following two methods can be considered: 1) collision handling rule for DL PRS and other DL signals/channels in PPW in Rel-17; 2) collision handling rule for other DL signals/channels and UL signals/channels for RedCap UEs.
Proposal 7: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined.
Conclusion
In this contribution, we discuss RedCap UEs positioning with UL frequency hopping and DL frequency hopping and give the following proposals.
Proposal 1: A new BWP switching method, e.g., using a pre-configured BWP switching pattern, should be introduced to reduce the switching latency of SRS-Pos Tx transmission for RedCap UEs positioning.
Proposal 2: UL frequency hopping pattern information should include the following SRS-Pos resource configuration information in time domain and frequency domain.
· In time domain:
· The start time of the frequency hopping pattern 
· The end time of the frequency hopping pattern
· Time gap between two consecutive hops (in unit of slot or OFDM symbol)
· Number of configured SRS-Pos resources in the frequency hopping pattern(E.g., reuse R16:maxNrofSRS-Resources = 64 per BWP)
· In frequency domain:
· Partial overlapping size (granularity: PRB or RE)
· Starting PRB index per frequency hopping
· [bookmark: _GoBack]The number of frequency hopping N, N={1,2,…,N_max}
· FFS: N_max
Proposal 3: For RedCap UEs positioning in FD-FDD and TDD, reuse the SRS-Pos collision handling mechanism in Rel-16.
Proposal 4: For RedCap UEs positioning in HD-FDD, collision handling rules for UL SRS-Pos transmission and other DL reception should also be defined.
Proposal 5: For Rel-18 RedCap UEs positioning with DL frequency hopping, support both Tx hopping and Rx hopping with partial overlapping of DL PRS. 
· FFS: how to reuse the PRS configuration of normal UEs for Rx hopping.
Proposal 6: DL frequency hopping for RedCap UEs positioning can reuse the same pattern and allocation information as UL frequency hopping for RedCap UEs positioning. 
Proposal 7: For RedCap UEs positioning in HD-FDD, collision handling rules for DL PRS and other UL signals/channels within PPW should be defined.
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