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Introduction
In this paper, we discuss the remaining maintenance issues of Rel-18 expanded and improved positioning from the following aspects.
SL positioning
· Within SL CA framework
CPP
· RF frequency for RSCP measurement
RedCap positioning
· Extension to non-RedCap UEs
· Frequency hopping configuration

SL positioning
Within SL CA framework
In RAN1#116 [1], the following agreement was reached during the maintenance phase of SL positioning. The whole feature is waiting for the decision on whether/how to introduce the UE capability.
	Working assumption
In NR Rel-18, in a band (pre)configured with SL CA, SL PRS transmission /reception can be supported:
· In a shared SL PRS resource pool in a single SL carrier.
· Tx power control follows the rule defined for SL CA in NR Rel-18
· In a dedicated SL PRS resource pool in a single SL carrier when the slots (pre)configured for the dedicated SL PRS resource pool do not collide with the slots (pre)configured for any other resource pool or S-SSB resource(s) in other carriers.
· FFS: new UE capability(ies) are defined for this combination of features
Note: whether this combination of features is supported in Rel-18 requires a conclusion on whether to introduce new UE capability(ies). No specification work until the FFS is resolved.



In our view, we prefer to define a new UE feature to individually indicate whether UE supports this combination of features. The UE feature should be based on the granularity of per band. In addition, we think this new UE feature should be divided into two FGs, for transmission and reception, respectively. Details can be found in our UE feature paper [2].
Proposal 1: Define a new capability for combination of SL CA and SL positioning.
Proposal 2: The new capability for combination of SL CA and SL positioning should be divided into SL PRS transmission and SL PRS reception for a shared SL PRS resource pool and/or a dedicated SL PRS resource pool for a band configured with SL CA.

CPP
The remaining issue is about how the centre frequency is determined for the RSCP/RSCPD measurement. In RAN1#116, there were three options for the centre frequency of the RSCP/RSCPD measurement. 
 Adopt one of the following options:
· Option 1: Adopt the following modifications on the previous agreements:

Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of DL PRS in the PFL.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement (RAN1#112bis-e)
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of the transmission bandwidth of the SRS for positioning purpose.

· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.
· 

· Option 2: Adopt the following as a conclusion:
· The center frequency of the DL RSCP/RSCPD (or the UL RSCP) measurements correspond to the exact middle frequency between the absolute RF frequency of the lowest subcarrier and that of the highest subcarrier of the DL PPFL (or the UL SRS bandwidth).

· Option 3:
· Support reporting a  indication bit related to the absolute RF carrier frequency together with the DL RSCP/RSCPD measurements and the UL RSCP measurements.
· FFS: How the absolute RF carrier frequency is reported

In our view, even though the two RF frequency is only SCS/2 apart, the ground truth phase is different, and RAN1 should strive to have a common understanding which is actually adopted. 
From mathematical point of view, if we assume the baseband channel observation is

where 
 is the channel delay
 is the subcarrier spacing
 is the RE index at the baseband
 is the phase observed as 
We should be able to get the channel impulse response at the baseband using IFFT as

The phase of  is 

It can be understood that  is the delay counted in the samples using FFT clock, and thus the value  in the equation is supposedly within  using path ToA search.
In this regard, , and 

Observation 1: The phase of the path in the channel impulse response corresponds to the phase at DC subcarrier.
For the frequency identified by physical centre of the bandwidth, the ground truth phase is , which requires additional processing on top of .
Observation 2: The phase of the path in the channel impulse response does not correspond to the phase at the physical centre of the DL PFL/SRS. 
Comparing both, we believe that option 1 should be adopted, which is defined in the same way as channel raster definition.
Proposal 3: Support option1: Adopt the following modifications on the previous agreements:

	Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of DL PRS in the PFL.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement (RAN1#112bis-e)
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of the transmission bandwidth of the SRS for positioning purpose.

· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.



RedCap positioning
RedCap positioning feature extend to non-RedCap UEs
For the applicability of SRS and PRS hopping to non-redcap UEs, we had an initial discussion during the offline of RAN1#114bis, but there was no conclusion due to limited time. In our view, considering
For PRS Rx hopping, eMBB UEs supporting only 50MHz PRS BW could perform Rx hopping to receive PRS transmitted over 100MHz bandwidth.
For SRS Tx hopping, eMBB UEs might be configured with a smaller active BWP for communication for power saving, e.g., 40MHz, but can perform SRS Tx hopping with 40MHz per hop to transmit SRS over a whole carrier of 100MHz bandwidth or the UE could even switch outside the active UL BWP to transmit a wideband SRS. 
Therefore, we think that the two positioning features related to RedCap UEs could be applicable to non-RedCap UEs.
In RAN1#116, there was worry on additional RAN4 specification work. Our understanding is that
From the core requirement perspective, there should be no difference between (e)RedCap UE and non-RedCap UE with regards to DL PRS measurement period requirement
From the performance requirement perspective, there could be some difference regarding the assumption in terms of the number of Rx with regards to DL PRS measurement period requirement. However, in general, the performance WI could be decoupled from core WI, and if not completed in Rel-18 timeframe and if considered necessary, RAN4 would have a performance WI in future releases.
There is no difference between (e)RedCap UE and non-RedCap UE for UL SRS transmission.
Therefore, in our understanding, RAN4 work should not be a show-stopper to extend the frequency hopping feature to non-RedCap UEs.
Proposal 4: The features of PRS Rx hopping and SRS Tx hopping (including the feature of transmitting SRS outside the active UL BWP) should also be applicable to non-RedCap UEs, and Rel-18 eRedCap UEs.
Endorse the following TP to clause 5.1.6.5.1 and to clause 6.2.1.4.1 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 ----------------------------
< Unchanged parts are omitted >
[bookmark: _Toc145348692][bookmark: _Toc155777343]5.1.6.5.1	PRS receiver frequency hopping
The reduced capability UE may be configured to measure and report, subject to UE capability, via [nr-Requested-DL-PRS-measurementBasedOnMultihopRx] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with a requested bandwidth of all hops that may be greater than the maximum reduced capability UE bandwidth. The reduced capability UE performing receiver frequency hopping may report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. The reduced capability UE may report whether the measurement is associated with one received frequency hop or multiple frequency hops of the DL PRS. In RRC_CONNECTED mode, the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 
< Unchanged parts are omitted >
[bookmark: _Toc155777433]6.2.1.4.1	SRS frequency hopping for positioning
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain.  When the reduced capability UE is configured to perform transmit frequency hopping:
-	it expects to be configured with the following parameters:
-	starting PRB of the first hop in time domain in [higher layer parameter]
-	starting slot offset and starting symbol for each hop in [higher layer parameter]
-	number of symbols in each hop in [higher layer parameter]
-	hop bandwidth in [higher layer parameter]
-	number of overlapping resource block(s) between hops, if present, in [higher layer parameter]
-	number of hops in [higher layer parameter].
-	it does not expect to be configured withthe sum of [StartingSymbol] and [Length] for a hop that exceeds a slot duration.
-	it expects to be configured with the same periodicity of each hop of an SRS resource with the transmit frequency hopping.
The reduced capability UE may be configured, via [uplinkTimeWindow-Config], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. The UE is not expected to be configured with one [cycle] of the transmit frequency hopping, including the switching time from/to active BWP required ahead of the first hop and after the last hop, that is partially overlapped with the time window. 
The reduced capability UE is expected to switch back to the active BWP if the time between two consecutive hops exceeds twice the switching time from/to the active BWP.
For a transmission of a hop for an SRS resource for positioning with frequency hopping starting in symbol  and a colliding PUSCH or PUCCH transmissionstarting in symbol , the UE shall apply the dropping rules taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and the SRS symbol is at least  symbols and additional time duration , where  is the switching time to/from the active BWP.
[bookmark: _Hlk152009812]-	DCI(s) for which the time interval between the last symbol of PDCCH and the colliding PUSCH/PUCCH symbol is at least  symbols, where calculation of  is based on the smallest SCS between the SCS configured for positioning SRS with the frequency hopping, the SCS of the PUSCH, and the SCS of the PDCCH.
If the SRS symbol(s), including the switching time to and from the active bandwidth part, of the transmit frequency hopping collides with PUSCH or PUCCH, and if the UE determines the SRS to be dropped, the colliding SRS symbol(s) are dropped.
For operation in the same carrier, the reduced capability UE is not expected to be configured on overlapping symbols with an SRS resource of the transmit frequency hopping configured by the higher layer parameter [to_be_defined] including the switching time to or from the active bandwidth part and an SRS resource with resourceType of both SRS resources as 'periodic'.
For operation in the same carrier, the reduced capability UE is not expected to be activated or triggered to transmit SRS on overlapping symbols with a SRS resource of the transmit frequency hopping configured by the higher layer parameter [XX] including the switching time to or from the active bandwidth part and a SRS resource with resourceType of both SRS resources as 'semi-persistent' or 'aperiodic'.
---------------------------- End of Text Proposal for TS 38.214 ----------------------------
Overlapped frequency hopping pattern
For SRS frequency hopping, within the configured UL time window, UE is not expected to transmit other channels/signals except the SRS for positioning using frequency hopping. However, it is unclear what if UE is configured with more than one SRS frequency hopping resources which may overlap in time domain.
More generally, even when UE is not configured with UL time window, what happens if UE is configured with more than one SRS frequency hopping which may overlap. Furthermore, what if one aperiodic SRS frequency hopping overlaps with another semi-persistent or periodic SRS frequency hopping, whether UE should prioritize and transmit the aperiodic SRS frequency hopping as shown in Figure 1 is unclear. 
[image: ]

[bookmark: _Ref149656591]Figure 1: overlapped SRS frequency hopping
Theoretically, prioritizing rule among SRS frequency hopping resources could be defined as the legacy for MIMO or positioning SRS. However, given the complexity and the discussion of potential timeline involved, it would be preferable to simplify the resolution by UE not expecting such configurations. 
During the discussion in the last meeting, there was comment that SRS resources configured for beam sweeping for FR2 could be useful for redcap UEs and such case should be allowable given the assumption of switching beam is faster than switching the frequency to another hop. The text proposal is then updated to incorporate such suggestion.
Proposal 5: UE does not expect to be configured with more than one SRS frequency hopping resources within any one cycle of the SRS transmission frequency hopping, except the case that UE is configured with more than one SRS resources for beam sweeping with the same bandwidth and frequency location during any two adjacent hops.
Endorse the following TP to clause 6.2.1.4.1 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 ----------------------------
< Unchanged parts are omitted >
6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged parts are omitted >
6.2.1.4.1	SRS frequency hopping for positioning
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain.  When the reduced capability UE is configured to perform transmit frequency hopping:
-	it expects to be configured with the following parameters:
-	starting PRB of the first hop in time domain in [higher layer parameter]
-	starting slot offset and starting symbol for each hop in [higher layer parameter]
-	number of symbols in each hop in [higher layer parameter]
-	hop bandwidth in [higher layer parameter]
-	number of overlapping resource block(s) between hops, if present, in [higher layer parameter]
-	number of hops in [higher layer parameter].
-	it does not expect to be configured with the sum of [StartingSymbol] and [Length] for a hop that exceeds a slot duration.
-	it expects to be configured with the same periodicity of each hop of an SRS resource with the transmit frequency hopping.
The reduced capability UE may be configured, via [uplinkTimeWindow-Config], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. The UE is does not expected to be configured with one [cycle] of the transmit frequency hopping, including the switching time from/to active BWP required ahead of the first hop and after the last hop, that is partially overlapped with the time window.  The UE does not expect to be configured with more than one SRS resources for positioning with frequency hopping within any one cycle of the SRS transmission frequency hopping, except the SRS resources with same bandwidth and frequency location during any two adjacent hops within any one cycle of the SRS transmission frequency hopping.
< Unchanged parts are omitted >
---------------------------- End of Text Proposal for TS 38.214 ----------------------------


Conclusion
In this contribution, we have the following observations and proposals:
Proposal 1: Define a new capability for combination of SL CA and SL positioning.
Proposal 2: The new capability for combination of SL CA and SL positioning should be divided into SL PRS transmission and SL PRS reception for a shared SL PRS resource pool and/or a dedicated SL PRS resource pool for a band configured with SL CA.
Observation 1: The phase of the path in the channel impulse response corresponds to the phase at DC subcarrier.
Observation 2: The phase of the path in the channel impulse response does not correspond to the phase at the physical centre of the DL PFL/SRS. 
Proposal 3: Support option1: Adopt the following modifications on the previous agreements:

	Agreement
The specific RF frequency associated with a DL carrier phase measurement is defined as the center frequency of the DL PFL by default. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of DL PRS in the PFL.
· Note: It is open to further discussion whether a frequency other than the center frequency of the DL PFL can also be the specific RF frequency for non-default case(s), if RAN1 agrees to introduce them.

Agreement (RAN1#112bis-e)
The specific RF frequency associated with a UL carrier phase measurement is defined, by default, as the center frequency of the transmission bandwidth of the SRS for positioning purpose. More specifically, the center frequency refers to the absolute RF frequency corresponding to RE 0 of RB N_RB/2 where N_RB is the total number of RBs of the transmission bandwidth of the SRS for positioning purpose.

· Note: It is open to further discussion whether a frequency other than the center frequency of the UL carrier can also be the specific RF frequency for a non-default case(s), if RAN1 agrees to introduce them.



Proposal 4: The features of PRS Rx hopping and SRS Tx hopping (including the feature of transmitting SRS outside the active UL BWP) should also be applicable to non-RedCap UEs, and Rel-18 eRedCap UEs.
Endorse the following TP to clause 5.1.6.5.1 and to clause 6.2.1.4.1 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 ----------------------------
< Unchanged parts are omitted >
5.1.6.5.1	PRS receiver frequency hopping
The reduced capability UE may be configured to measure and report, subject to UE capability, via [nr-Requested-DL-PRS-measurementBasedOnMultihopRx] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with a requested bandwidth of all hops that may be greater than the maximum reduced capability UE bandwidth. The reduced capability UE performing receiver frequency hopping may report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. The reduced capability UE may report whether the measurement is associated with one received frequency hop or multiple frequency hops of the DL PRS. In RRC_CONNECTED mode, the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 
< Unchanged parts are omitted >
6.2.1.4.1	SRS frequency hopping for positioning
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain.  When the reduced capability UE is configured to perform transmit frequency hopping:
-	it expects to be configured with the following parameters:
-	starting PRB of the first hop in time domain in [higher layer parameter]
-	starting slot offset and starting symbol for each hop in [higher layer parameter]
-	number of symbols in each hop in [higher layer parameter]
-	hop bandwidth in [higher layer parameter]
-	number of overlapping resource block(s) between hops, if present, in [higher layer parameter]
-	number of hops in [higher layer parameter].
-	it does not expect to be configured withthe sum of [StartingSymbol] and [Length] for a hop that exceeds a slot duration.
-	it expects to be configured with the same periodicity of each hop of an SRS resource with the transmit frequency hopping.
The reduced capability UE may be configured, via [uplinkTimeWindow-Config], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. The UE is not expected to be configured with one [cycle] of the transmit frequency hopping, including the switching time from/to active BWP required ahead of the first hop and after the last hop, that is partially overlapped with the time window. 
The reduced capability UE is expected to switch back to the active BWP if the time between two consecutive hops exceeds twice the switching time from/to the active BWP.
For a transmission of a hop for an SRS resource for positioning with frequency hopping starting in symbol  and a colliding PUSCH or PUCCH transmissionstarting in symbol , the UE shall apply the dropping rules taking into account:
-	DCI(s) for which the time interval between the last symbol of PDCCH and the SRS symbol is at least  symbols and additional time duration , where  is the switching time to/from the active BWP.
-	DCI(s) for which the time interval between the last symbol of PDCCH and the colliding PUSCH/PUCCH symbol is at least  symbols, where calculation of  is based on the smallest SCS between the SCS configured for positioning SRS with the frequency hopping, the SCS of the PUSCH, and the SCS of the PDCCH.
If the SRS symbol(s), including the switching time to and from the active bandwidth part, of the transmit frequency hopping collides with PUSCH or PUCCH, and if the UE determines the SRS to be dropped, the colliding SRS symbol(s) are dropped.
For operation in the same carrier, the reduced capability UE is not expected to be configured on overlapping symbols with an SRS resource of the transmit frequency hopping configured by the higher layer parameter [to_be_defined] including the switching time to or from the active bandwidth part and an SRS resource with resourceType of both SRS resources as 'periodic'.
For operation in the same carrier, the reduced capability UE is not expected to be activated or triggered to transmit SRS on overlapping symbols with a SRS resource of the transmit frequency hopping configured by the higher layer parameter [XX] including the switching time to or from the active bandwidth part and a SRS resource with resourceType of both SRS resources as 'semi-persistent' or 'aperiodic'.
---------------------------- End of Text Proposal for TS 38.214 ----------------------------

Proposal 5: UE does not expect to be configured with more than one SRS frequency hopping resources within any one cycle of the SRS transmission frequency hopping, except the case that UE is configured with more than one SRS resources for beam sweeping with the same bandwidth and frequency location during any two adjacent hops.
Endorse the following TP to clause 6.2.1.4.1 of TS 38.214.
---------------------------- Start of Text Proposal for TS 38.214 ----------------------------
< Unchanged parts are omitted >
6.2.1.4	UE sounding procedure for positioning purposes
< Unchanged parts are omitted >
6.2.1.4.1	SRS frequency hopping for positioning
The reduced capability UE may be configured via [higher layer parameter], subject to UE capability, to perform transmit frequency hopping separate from the UL BWP configuration and outside of the UL BWP, where the UE may be configured with subcarrier spacing, CP and bandwidth that are different from the UL active BWP. The reduced capability UE transmit frequency hopping is configured within one SRS resource for positioning, that may be configured with a bandwidth larger than the maximum bandwidth of the reduced capability UE, in RRC_CONNECTED or RRC_INACTIVE mode. The reduced capability UE transmit frequency hopping, may be configured with overlapping or non-overlapping frequency hops in the frequency domain.  When the reduced capability UE is configured to perform transmit frequency hopping:
-	it expects to be configured with the following parameters:
-	starting PRB of the first hop in time domain in [higher layer parameter]
-	starting slot offset and starting symbol for each hop in [higher layer parameter]
-	number of symbols in each hop in [higher layer parameter]
-	hop bandwidth in [higher layer parameter]
-	number of overlapping resource block(s) between hops, if present, in [higher layer parameter]
-	number of hops in [higher layer parameter].
-	it does not expect to be configured with the sum of [StartingSymbol] and [Length] for a hop that exceeds a slot duration.
-	it expects to be configured with the same periodicity of each hop of an SRS resource with the transmit frequency hopping.
The reduced capability UE may be configured, via [uplinkTimeWindow-Config], subject to UE capability, with an UL time window where the UE is not expected to transmit other signals/channels and is only expected to transmit the SRS for positioning using frequency hopping. The UE is does not expected to be configured with one [cycle] of the transmit frequency hopping, including the switching time from/to active BWP required ahead of the first hop and after the last hop, that is partially overlapped with the time window.  The UE does not expect to be configured with more than one SRS resources for positioning with frequency hopping within any one cycle of the SRS transmission frequency hopping, except the SRS resources with same bandwidth and frequency location during any two adjacent hops within any one cycle of the SRS transmission frequency hopping.
< Unchanged parts are omitted >
---------------------------- End of Text Proposal for TS 38.214 ----------------------------
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