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1 Introduction
In this contribution, we discuss the signalling procedures for RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning from RAN2 perspective.
2 Discussion
2.1 Bandwidth aggregation 
2.1.1 PRS bandwidth aggregation 

RAN1 made following agreements on PRS bandwidth aggregation in the RAN1#113 meeting [1].
    

According to RAN1 agreements, the LPP enhancements to support the PRS bandwidth aggregation can be considered from RAN2 perspective. For instance, for the DL-TDOA and multi-RTT positioning methods, introduce new UE capability in the LPP provide capabilities and introduce an indication in LPP request location information message to indicate UE which two or three PFLs to be used for performing joint measurement.
Proposal 1: Regarding the DL-TDOA and multi-RTT positioning methods, the following signalling enhancements for PRS bandwidth aggregation should be considered:

· Introduce new UE capability in the LPP provide capabilities.

· Indicate UE which two or three PFLs to be used for performing joint measurement in LPP request location information message.
· Indicate the used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results in the LPP provide location information message.
RAN1 also made the conclusion on on-demand PRS in RAN1#112bis meeting [2]:

For UE initiated on-demand PRS, the UE could request the PRS bandwidth aggregation in the LPP request assistance information message, for LMF initiated on-demand PRS, LMF could request gNB to configure the PRS which is satisfied the PRS bandwidth aggregation condition, but it is up to RAN3.
Proposal 2: For UE initiated on-demand PRS, the UE can request the PRS bandwidth aggregation in the LPP request assistance information message.

2.1.2 SRS bandwidth aggregation 
For the SRS bandwidth aggregation, RAN1 made following agreements:

   
For the SRS bandwidth aggregation, the MAC, RRC, LPP and NRPPa should be enhanced. For the MAC, a single MAC CE should support to activate/deactivate SRS resource set(s) in multiple aggregated carriers.The RRC signalling needs to indicate which SRS resource sets across carriers are linked, and the NRPPa enhancement is up to RAN3. 
Proposal 3: For SRS bandwidth aggregation, the following signalling enhancements should be considered for UL-TDOA and Multi-RTT positioning methods:

· Introduce a single MAC CE to activate/deactivate SRS resource set(s) in multiple aggregated carriers.

· Indicate UE which SRS resource sets across carriers are linked in the RRC signalling.
· Introduce new UE capability in the RRC signalling.

· Introduce new UE capability in the LPP provide capabilities.

2.2 Carrier phase positioning 

RAN1 has already made some progress for carrier phase positioning, RAN2 could discuss the signalling procedures for it. Considering the carrier phase positioning works with the timing related positioning method, the signalling procedures for DL-TDOA, UL-TDOA and Multi-RTT positioning methods are reused. For the positioning measurement report, DL RSCP is reported together with UE Rx – Tx time difference measurement, DL RSCPD is reported together with RSTD measurement and UL RSCP is reported together with RTOA and/or gNB Rx-Tx time difference measurements to LMF.

Proposal 4: The signalling procedures for DL-TDOA, UL-TDOA and Multi-RTT positioning methods are reused for carrier phase positioning, DL RSCP is reported together with UE Rx – Tx time difference measurement, DL RSCPD is reported together with RSTD measurement and UL RSCP is reported together with RTOA and/or gNB Rx-Tx time difference measurements to LMF.
2.3 Redcap UE positioning
The signalling procedures for frequency hopping should be addressed by RAN2 according to RAN1 agreements. 
The following signalling procedures could be considered for frequency hopping:

· The LMF acquires the PRS frequency hopping capability from the UE;

· The LMF requests the gNB to provide the PRS frequency hopping configuration and gets the configuration from the gNB;

· The LMF provides the PRS frequency hopping configuration to the UE;
· UE reports the measurement based on the PRS frequency hopping.
Regarding the SRS frequency hopping, the following signalling procedures could be considered
· The LMF acquires the SRS frequency hopping capability from the UE;

· The LMF requests the gNB to configure the SRS frequency hopping configuration to UE and gets the configuration from the gNB;

· The gNB provides the SRS frequency hopping configuration to the UE;
· The gNB reports the measurement based on the SRS frequency hopping
Proposal 5: The following signalling procedures for frequency hopping should be considered.
The signalling procedures for the PRS frequency hopping: 

· UE provides the capabilities on PRS frequency hopping by LPP provide capabilities message;
· LMF provides the PRS frequency hopping configuration to UE by LPP provide assistance information message;

· LMF requests the PRS frequency hopping related measurement by LPP request location information message;

· UE reports the measurement based on the PRS frequency hopping by LPP provide location information message;
The signalling procedures for the SRS frequency hopping: 

· gNB provides the SRS frequency hopping configuration to the UE by RRC signalling;
· The NRPPa signalling procedures are up to RAN3.

RAN1 also made agreements on the collisions options [1]:
Regarding the UL time window, we think the signalling procedures for PPW can be reused, which means the UL time window is preconfigured to UE and then activate/deactivate it by network.
Proposal 6: The signalling procedures for PPW can be reused for UL time window, which means the UL time window is preconfigured to UE and then network activates/deactivates it.
3 Conclusions 
In this contribution, we have discussed the RedCap positioning, carrier phase positioning, and bandwidth aggregation for positioning from the perspective of signalling procedures and provide the following proposals:
Proposal 1: Regarding the DL-TDOA and multi-RTT positioning methods, the following signalling enhancements for PRS bandwidth aggregation should be considered:

· Introduce new UE capability in the LPP provide capabilities.

· Indicate UE which two or three PFLs to be used for performing joint measurement in LPP request location information message.
· Indicate the used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results in the LPP provide location information message.
Proposal 2: For UE initiated on-demand PRS, the UE can request the PRS bandwidth aggregation in the LPP request assistance information message.

Proposal 3: For SRS bandwidth aggregation, the following signalling enhancements should be considered for UL-TDOA and Multi-RTT positioning methods:

· Introduce a single MAC CE to activate/deactivate SRS resource set(s) in multiple aggregated carriers.

· Indicate UE which SRS resource sets across carriers are linked in the RRC signalling.
· Introduce new UE capability in the RRC signalling.

· Introduce new UE capability in the LPP provide capabilities.

Proposal 4: The signalling procedures for DL-TDOA, UL-TDOA and Multi-RTT positioning methods are reused for carrier phase positioning, DL RSCP is reported together with UE Rx – Tx time difference measurement, DL RSCPD is reported together with RSTD measurement and UL RSCP is reported together with RTOA and/or gNB Rx-Tx time difference measurements to LMF.
Proposal 5: The following signalling procedures for frequency hopping should be considered.

The signalling procedures for the PRS frequency hopping: 

· UE provides the capabilities on PRS frequency hopping by LPP provide capabilities message;
· LMF provides the PRS frequency hopping configuration to UE by LPP provide assistance information message;

· LMF requests the PRS frequency hopping related measurement by LPP request location information message;

· UE reports the measurement based on the PRS frequency hopping by LPP provide location information message;
The signalling procedures for the SRS frequency hopping: 

· gNB provides the SRS frequency hopping configuration to the UE by RRC signalling;

· The NRPPa signalling procedures are up to RAN3.

Proposal 6: The signalling procedures for PPW can be reused for UL time window, which means the UL time window is preconfigured to UE and then network activates/deactivates it.
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Agreement


For PRS bandwidth aggregation between PRS in two or three different PFLs, the following are needed for the aggregated PRS resources for a TRP:


The same periodicity and slot offset


The same muting pattern


The same NR-DL-PRS-SFN0-Offset value


UE expects to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths in frequency domain (Note: It does not preclude dropping some REs in the guardband between two PFLs).


FFS same antenna port from RAN1 perspective


Agreement


For PRS bandwidth aggregation across PFLs, support


Option 2: Per TRP basis and per PRS resource set basis.


For each TRP, support new signaling to indicate which PRS resource sets across PFLs are linked.


It is assumed that the PRS resources across the linked PRS resource sets are linked if the conditions are satisfied. For the non-linked PRS resource sets, no aggregation is assumed even if the conditions are satisfied.


Agreement


For PRS bandwidth aggregation across PFLs, in a measurement report element, support


Single RSRP or single RSRPP 


FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs


The aggregated reference RSTD 


The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results


Agreement


For PRS bandwidth aggregation, with regards to the signaling in the location information request message, introduce the following:


A request to indicate UE which two or three PFLs to be used for performing joint measurement 


A new ReportingGranularityfactor smaller than 0 which can be applicable at least when the LMF requests aggregated measurements


Support at least the values of k={-1,-2}


FFS other values e.g. -3, -4, -5, -6


Send RAN4 an LS to confirm the feasibility


Agreement


When the UE receives a request to perform aggregated measurements, 


TRP(s) that include PRS aggregation have higher priority than the TRPs that do not include PRS aggregation


If 2 or more TRPs include linked resources, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority


If a PRS resource set is linked for aggregation, then it has higher priority compared to the PRS resource set not linked for aggregation.


If both sets in a PFL are linked for aggregation, then their priority follows the legacy priority, i.e., sorted in the configuration according to priority








Conclusion


The details for on-demand PRS on PRS bandwidth aggregation are up to RAN2 and RAN3.





Agreement


For SRS bandwidth aggregation between SRS in two or three carriers, the following is needed for the aggregated SRS resources 


The same periodicityAndOffset, and slotOffset


The configuration of pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)


The same configuration of Po and alpha. 


Note: UE may either perform pathloss RS measurement across CCs and form a single path loss value to apply across CCs or perform pathloss RS measurement in a single CC and apply across CCs





Agreement


For SRS bandwidth aggregation across two or three carriers, support


Option 2: Per SRS resource set basis. 


Support new signaling to indicate which SRS resource sets across carriers are linked. 


It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 


Agreement


To support intra-band contiguous SRS bandwidth aggregation for UE in RRC_INACTIVE state, frequency information (e.g. point A, offset to carrier) of one or two additional carriers with respective SRS configurations should be provided to the UE, where the newly introduced carrier(s) and the carrier of the initial BWP should be intra-band contiguous carriers.


Agreement


For SRS bandwidth aggregation across carriers, support


Single RSRP or RSRPP is reported


FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers


The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results


Working assumption 


For semi-persistent positioning SRS for bandwidth aggregation, a single MAC CE can activate or deactivate:


SRS resource set(s) in one or two or three of three aggregated carriers


SRS resource set(s) in one or two of two aggregated carriers.


Note: the single spatial relation is indicated by the MAC CE for each of two or three aggregated SRS resources.


Send an LS to RAN2 to confirm the feasibility.





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, support both of the following options 


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: new collision rules between the UL SRS with frequency hopping and other UL and DL signals/channels/. Option 2 can apply without UL time window (i.e. option 1)


FFS: details on the collision rules


Note: it is understood that option 2 is a component of the feature for UL SRS Tx hopping (FG 41-5-2), and option 1 is a separate feature group.
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