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[bookmark: OLE_LINK1]Introduction
In 3GPP RAN1#112bis-e meeting, some agreements were reached [1] as the following.
	Agreement
For RedCap UEs, SRS for positioning Tx frequency hopping is configured within one SRS for positioning resource.

Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together

Agreement
For UL SRS Tx hopping, the frequency hopping pattern is configured with overlapping or non-overlapping hops.
· FFS: exact patterns to be supported 
· FFS: whether the overlapping hops may or may not be adjacent in the time domain
· Note: RAN1 assumes that no additional UE requirements shall be specified for the case of Tx hopping with non-overlapping hops compared to the case of Tx hopping with overlapping hops, e.g., a UE is not responsible for keeping phase continuity across the hops in either case of overlapping or non-overlapping hops.


In this contribution, we provide our views for positioning for RedCap UEs considering PRS/SRS configuration, frequency overlapping between two hops, measurement / report, etc.
DL-PRS Rx hopping
2.1 On UE processing capabilities
For UE processing capabilities, the number of hops and total bandwidth after hopping reception (or, equivalently, a capability of data buffering) should be considered.
In RAN1#112bis-e meeting, the following conclusion was made.
	(RAN1#112bis-e) 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.


For UE supporting frequency hopping, UE needs to report the maximum number of supported frequency hops. For each hop, the supported maximum PRS bandwidth can refer to the existing UE capability. For instance, if UE reports that the supported maximum PRS bandwidth is 20MHz in FR1, and UE reports the supported maximum number of frequency hops is 4 or 5, then network may configure at least 4 frequency hops to achieve measurement results which is equivalent to the result based on about 80MHz PRS bandwidth.
In addition, for phase rotation estimation between adjacent hops, UE may need to report whether it supports overlapping between adjacent hops. Alternatively, UE can report its capability on the maximum equivalent bandwidth after combing all hops.
Proposal 1: With regards to Rx frequency hopping for positioning for RedCap UE:
· UE reports a capability on the maximum number of supporting frequency hops to network, the candidates at least include {2, 3, 4, 5}
· UE reports a capability on the overlapping PRB(s) between adjacent hops or a capability on the maximum equivalent bandwidth after combing all hops
2.2 Measurement and report with hopping
In RAN1#112bis-e meeting, the following proposal was agreed for DL Rx hopping.
	(RAN1#112bis-e) Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


In some cases, even though DL-PRS Rx frequency hopping is configured to UE for the sake of equivalent large bandwidth PRS measurement, the UE does not have to combine the measurement from multiple frequency hops. For example, in the scenarios when PRS configuration is broadcast for all UEs in a serving cell but the UE’s location accuracy requirement is not high. In such case, UE can just do the single hop measurement, and report hop information along with the positioning measurement results, e.g., which frequency range corresponding hop(s) is/are used for the measurement.
Specifically, for the case when UE does not perform wideband measurement on combined multiple hops, we think single hop measurement report selected from multiple hops is sufficient. It is up to UE implementation to select one of the best single hop measurement result for reporting to LMF.
For the case when UE reports a measurement which based on received multiple hops of the DL PRS, UE has to inform LMF how many received hops / which received hop(s) is/are used in the measurement report. Then, LMF can know if the PRS assistance data and PRS request is suitable, if not, the update may be needed.
Proposal 2: For DL Rx hopping, support UE to report either
· A single measurement based on receiving multiple hops of the DL PRS for positioning 
· The frequency range or hop indications of the multiple hops should be reported as well
· Or one measurement which is associated with one received hop
· The frequency range or hop indication of the hop should be reported as well

In TS38.214, some parameters (such as the inter-slot repetition factor) for PRS reception are specified as the following. 
	-	dl-PRS-ResourceRepetitionFactor defines how many times each DL-PRS resource is repeated for a single instance of the DL-PRS resource set and takes values . All the DL PRS resources within one resource set have the same resource repetition factor.


For PRS reception with hopping, we suggest one or more of the following parameters to be introduced to facilitate UE’s PRS measurement.
· Number of hops. This parameter will affect positioning accuracy. More hops will compose a larger bandwidth which brings a higher positioning accuracy.
· Number of overlapped RB. This parameter is used for phase adjustment between adjacent hops. It will affect positioning accuracy. For example, in a worse channel condition case, more overlapped PRBs can be configured by LMF to let UE estimate phase rotation more accurately.
· Total bandwidth of all hops. Actually, this is equivalent to the number of hops (e.g., each hop has the same bandwidth). One of these two parameters can be finally selected. Since LMF is aware of the positioning service requirement which is very related to the totally equivalent PRS bandwidth, this parameter can assist UE do more proper PRS hopping measurement. For example, if the positioning accuracy requirement is not high, LMF can just inform UE a small total bandwidth, e.g. only two hops and each hop is with 20MHz even though 100MHz PRS is configured by SIB. Then, UE only do Rx hopping measurement within a 40MHz truncation. 
Hence, we have the following proposal.
Proposal 3: For PRS reception with hopping, one or more of the following parameters in assistance data or location request should be introduced to facilitate UE’s PRS measurement.
· Number of hops
· Number of overlapped RB between hops
· Total bandwidth of all hops
2.3 On-demanded PRS
In TS 38.305 [3], the on-demanded PRS is described as: on-Demand PRS transmission procedure allows the LMF to control and decide whether PRS is transmitted or not and to change the characteristics of an ongoing PRS transmission. The on-demand PRS transmission procedure can be initiated either by the UE or LMF. The actual PRS changes are requested by the LMF irrespective of whether the procedure is UE- or LMF-initiated. In short, a UE (or LMF) can request to LMF (or TRP) for a “better” configuration of PRS. For example, a UE can request a larger bandwidth of PRS for higher positioning accuracy.
For a RedCap UE, it can request a larger bandwidth than that UE supports, this implies UE is requesting PRS hopping for the equivalently larger PRS bandwidth. Hence, we have the following proposal.
Proposal 4: For on-demand PRS, a RedCap UE can request a larger bandwidth that the UE supports, which implies PRS frequency hopping measurement is requested.

UL-SRS Tx hopping
In 3GPP RAN1#112bis-e meeting, some agreements on UL-SRS Tx hopping were reached [1] while something like hopping pattern, overlapping PRB and measurement / report are still open.
3.1 Hopping pattern
For a channel, there is a channel coherency duration (e.g., depends on application environment). If two hops are separated far away (e.g., exceeds the channel coherency duration), then the radio wave on these two hops may experience two different channels (e.g., loss of phase coherency between hops).
For two adjacent hops (in time domain), even these two hops experience similar channels, the channel characters might be different (e.g., some phase rotation between hops because of high Doppler). To overcome this issue, the frequency overlapping between two adjacent hops should be applied. To enable frequency overlapping between any two adjacent hops, hopping from the lowest (or highest) frequency can be applied as the Figure 1.
In addition, SRS multiplexing between different UEs should be considered. The pattern is shown as follows. The Mod operation should be used. Assuming hopping index is from {0, 1, 2 … N-1} in frequency domain, the hopping order in time should be { nhop, nhop+1, …, nhop+N-1}mod N, where nhop is the start hop index and N is the number of hops. As shown in Figure 1 with N=5, nhop = 0 for UE1, and nhop = 2 for UE2. 
[image: ]
Figure 1  SRS multiplexing between two UEs in one hop cycle
Hence, we have the following proposal.
Proposal 5: To improve positioning performance of SRS with hopping, overlapped PRBs are supported for two adjacent hops. 
· The hopping order in time is { nhop, nhop+1, …, nhop+N-1}mod N, where nhop is the start hop index and N is the number of hops

3.2 Overlapping PRB
In the existing Rel-15/16/17, PT-RS is used to adjust phase rotation between OFDM symbols caused by phase noise in FR2 or Doppler shift. The motivation is the same as the design of overlapping PRBs between hops for RedCap UE for Rel-18 positioning here. 
According to TS 38.214 [2] as the following, the density of PT-RS is related to the bandwidth allocated to data channel for good balance between phase tracking and RS overhead. 
	TS38.214:

	Scheduled bandwidth
	
Frequency density ()

	NRB < NRB0
	PT-RS is not present

	
NRB0  NRB < NRB1
	2

	
NRB1  NRB
	4


Similarly, for RedCap UE positioning with frequency hopping, the overlapped frequency resource should be related to the bandwidth of each hop. For example, the overlapped PRB for a RedCap UE with 20MHz bandwidth for each hop should be less than that for a RedCap UE with 40MHz bandwidth for each hop. Hence, we have the following proposal.
Proposal 6: For RedCap UE with positioning SRS, the number of overlapping PRBs in adjacent hops is based on the bandwidth of each hop
· Larger bandwidth of each hop corresponds to more overlapped PRBs, the candidates of PRBs can be {1, 2, 4}

3.3 Measurement and report for hopping
	(RAN1#112bis-e) Agreement
For DL Rx hopping or UL Tx hopping, support the UE or gNB to report the following:
· A single measurement based on receiving multiple hops of the DL PRS or UL SRS for positioning
· One [or more] measurements where each measurement is associated with one received hop
· FFS: indication of how many received hops / which received hops where used in the measurement report.
· Note: no new measurement definition is introduced in RAN1
· FFS: conditions when the above measurements are reported, and whether the above measurements can be reported together


In some cases, one or more hops may be dropped (e.g., because of collision with some other higher priority signals). For these cases, a combination of hop IDs (e.g., {{1}, {1,2}, {1,2,3}}) should be attached in a measurement result to indicate LMF on which hop(s) the measurement result is/are based.
Further in some scenarios, one or more hops may have low channel quality (e.g., low SINR). The measurement result(s) on this/these hop(s) may not be reliable. That is, a concatenation of one/some hop(s) might not be helpful. Hence, we have the following proposal.In addition to the measurement result on a concatenation of hops, other measurement result(s) on one single hop can be measured/report. For example, for a case with 5 hops, if the third hop is dropped while the other hops are still valid, then a measurement result on a single hop selected from one of {1,2,4,5} can be measured/reported.
Proposal 7: For UL Tx hopping, support TRP to report either.
· A single measurement based on received multiple hops of SRS.
· The corresponding hop indications should be reported as well
· One single measurement which is associated with one received hop.
· The hop indication should be reported as well

3.4 UL time window vs collision rule
	(RAN1#112bis-e) Agreement
For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, study whether to support one or both of the following options, according to UE capabilities:
· Option 1: UL time window where the UE is not expected to receive/transmit other signals/channels and is only expected to transmit FH SRS for positioning.
· FFS details of an UL time window
· Note: it implies that UE drops the transmission of other signals/channels and transmits SRS for positioning
· Option 2: additional collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels 
· FFS: details on the collision rules


[bookmark: _GoBack]In current 38.214 for UE in RRC connected state, there are some rules defined for the collision between SRS and SRS/PUCCH/PUSCH. The corresponding texts are abstracted in the below box.
	TS 38.214:
If a PUSCH transmission with a priority index 1 or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
[bookmark: _Hlk498636457]...
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent or periodic SRS is configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 
…
[bookmark: _Hlk523498144]In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted. 
...
For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 


For Redcap UE with SRS Tx hopping, if the SRS hop is within the initial BWP, the above dropping rule can be completely reused. Otherwise, if the SRS hop is outside the initial BWP, we think the rule defined in Rel-17 for RRC_INACTICE state outside initial BWP can be reused, i.e. SRS is lower priority.
Proposal 8: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, 
· If the SRS hop is within the initial BWP, the existing dropping rule for RRC_CONNECTED state is reused.
· If the SRS hop is outside the initial BWP, Rel-17 defined rule for SRS outside initial BWP in RRC_INACTIVE state is reused, i.e. SRS has low priority.

CPP for RedCap UE
In general, there are three potential methods for carrier phase (CP) measurement reporting for RedCap UE as the following.
· Single hop CP measurement reporting (e.g., only the CP measurement of the first hop is reported). It should be noted that, if one hop were invalid (e.g., because of collision), the CP measurement of a valid hop will be reported.
· Multiple CP measurements reporting (e.g., all the CP measurements of all the hops are reported). It should be noted that, the overhead of reporting is very large.
· Single CP measurement reporting of concatenated hops. It should be noted that, if a pattern of non-overlapping hops were applied, this CP measurement is invalid because of possible phase rotation between hops. In addition, if these hops included a long duration, this CP measurement is not accurate.
Based on this, we have the following proposal.
Proposal 9: Only single hop CP measurement is reported.
· FFS the first hop  

Recommended parameters for higher layer
According to the discussion above, we have the following parameters for higher layer for consideration.
Proposal 10: The parameters are recommended for higher layer.
· maximum number of supported frequency hops [1,2, ..., 5]
· overlapping PRB(s) between adjacent hops or a capability on the maximum equivalent bandwidth after combing all hops [0,1,2, 4]
· UE capability on support of on-demand PRS with Rx hopping [Yes/No]

Conclusion
In this contribution, we provide our solutions on positioning support for RedCap UE techniques as the following proposals.
Proposal 1: With regards to Rx frequency hopping for positioning for RedCap UE:
· UE reports a capability on the maximum number of supporting frequency hops to network, the candidates at least include {2, 3, 4, 5}
· UE reports a capability on the overlapping PRB(s) between adjacent hops or a capability on the maximum equivalent bandwidth after combing all hops

Proposal 2: For DL Rx hopping, support UE to report either
· A single measurement based on receiving multiple hops of the DL PRS for positioning 
· The frequency range or hop indications of the multiple hops should be reported as well
· Or one measurement which is associated with one received hop
· The frequency range or hop indication of the hop should be reported as well

Proposal 3: For PRS reception with hopping, one or more of the following parameters in assistance data or location request should be introduced to facilitate UE’s PRS measurement.
· Number of hops
· Number of overlapped RB between hops
· Total bandwidth of all hops

Proposal 4: For on-demand PRS, a RedCap UE can request a larger bandwidth that the UE supports, which implies PRS frequency hopping measurement is requested.

Proposal 5: To improve positioning performance of SRS with hopping, overlapped PRBs are supported for two adjacent hops. 
· The hopping order in time is { nhop, nhop+1, …, nhop+N-1}mod N, where nhop is the start hop index and N is the number of hops

Proposal 6: For RedCap UE with positioning SRS, the number of overlapping PRBs in adjacent hops is based on the bandwidth of each hop
· Larger bandwidth of each hop corresponds to more overlapped PRBs, the candidates of PRBs can be {1, 2, 4}

Proposal 7: For UL Tx hopping, support TRP to report either.
· A single measurement based on received multiple hops of SRS.
· The corresponding hop indications should be reported as well
· One single measurement which is associated with one received hop.
· The hop indication should be reported as well

Proposal 8: For RedCap UEs positioning transmitting the UL SRS with frequency hopping, regarding the collisions between other UL and DL signals/channels and the UL SRS with frequency hopping, 
· If the SRS hop is within the initial BWP, the existing dropping rule for RRC_CONNECTED state is reused.
· If the SRS hop is outside the initial BWP, Rel-17 defined rule for SRS outside initial BWP in RRC_INACTIVE state is reused, i.e. SRS has low priority.

Proposal 9: Only single hop CP measurement is reported.
· FFS the first hop

Proposal 10: The parameters are recommended for higher layer.
· maximum number of supported frequency hops [1,2, ..., 5]
· overlapping PRB(s) between adjacent hops or a capability on the maximum equivalent bandwidth after combing all hops [0,1,2, 4]
· UE capability on support of on-demand PRS with Rx hopping [Yes/No]
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