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Introduction
[bookmark: _Hlk126226656]A new WID on positioning was approved in RAN#98-e [1] and it has the following objectives related to bandwidth aggregation, and with RAN1 as the leading group for discussion:
	· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



In this paper, we further provide our views on the PRS BW aggregation and SRS BW aggregation. 

Common aspects
Same antenna port for aggregated PRS resources
In RAN1#113 [2], we discussed the condition for aggregated PRS resources and the following agreement was made.
	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


Regarding the same antenna port to achieve phase continuity between PFLs, it should be clear that the aggregated PRS and SRS should be in the same antenna port, according to the following definition of antenna ports in TS 38.211 [3].
	4.4.1	Antenna ports
An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed. 


It is also worth noting that in coverage enhancement of TBoMS, the following description with regards to the same antenna port description has already been captured in clause 6.2 of TS 38.211.
	If DM-RS bundling is applied to PUSCH and/or PUCCH repetitions and/or transport-block processing over multiple slots as described in clause 6.1.7 of [6, 38.214], the UE transmission shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols are transmitted within the same actual time-domain window.


The above description about channel inference indicates that the same antenna port means the same channel from RAN1 perspective. The aggregated PRS resources across PFLs with same antenna port may have different CFRs due to different frequencies, but the ground-truth CIRs are the same, which guarantees the phase continuity between PFLs. Therefore, we think the aggregated PRS should be the same antenna port from RAN1 point of view, and it should be captured in the RAN1 specification. Therefore, we have the following proposal.
Proposal 1: For the PRS and SRS BW aggregation, the aggregated PRS resources in two or three PFLs for a TRP and the aggregated SRS resources in two or three carriers should have the same antenna port from RAN1 perspective.

TEG reporting
In RAN1#112bis-e [4], the following agreement was made to study TEG feature.
	Agreement
Study whether single TRP Tx TEG ID or UE Rx TEG ID is applied across PRSs in aggregated PFLs for TEG information reporting, i.e. single TEG ID is reported across the aggregated PRS resources for TRP Tx TEG association reporting, or for UE Rx TEG ID reporting in the measurement reporting
Agreement
Study whether single UE Tx TEG ID or TRP  Rx TEG ID is applied across SRSs in aggregated carriers for TEG information reporting, i.e. single UE Tx TEG ID is reported across the aggregated SRS resources for UE Tx TEG association reporting, or for TRP Rx TEG ID reporting in measurement reporting


Regarding the TEG between aggregated PRS resources, RAN4 RF already agreed that no TAE requirement will be defined for a single RF chain architecture [5]. Therefore, the TEG reporting feature should not be coupled with the PRS BW aggregation.
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TAE for single RF chain architecture
Agreement:
· No need to discuss TAE for single RF chain architecture
· TAE refers to the TAE requirements across carriers in BS specification


Proposal 2: There is no need to additionally discuss the TEG feature for aggregating carriers for positioning.

Measurement request
Last meeting [2] discussed the new signaling in the location information request message for PRS bandwidth aggregation, and the following agreement was achieved.
	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


The remaining FFS is about the need to support smaller ReportingGranularityfactor such as {-3, -4, - 5, -6}. Considering that in FR2, the aggregated bandwidth can be 1200MHz with the super-resolution timing estimation providing a measurement granularity gain of more than 10 times, the needed granularity could be as low as 80ps (2.4cm). Therefore, at least k=-3 should also be considered. From the perspective of future proof when even higher system BW is available, supporting k={-1,-2,-3,-4,-5,-6} is preferable.
Therefore, we have the following proposal.
Proposal 3: For PRS/SRS bandwidth aggregation, the new ReportingGranularityfactor should also support k={-3,-4,-5,-6} in addition to {-1,-2} when the LMF requests the aggregated measurements.

Measurement report
In RAN1#113 [2], we discussed the measurement report for BW aggregation and we have the following agreement.
	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 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


The remaining FFS is about the measurement source of single RSRP or single RSRPP. The single RSRP or single RSRPP is either based on one of aggregated resources or all aggregated resources. The aggregated RSRP or RSRPP can comprehensively reflect the power characteristics of all aggregated resources, which is beneficial for positioning. Therefore, a single RSRS/RSRPP based on aggregated resources is preferable.
Proposal 4: For the measurement report of PRS bandwidth aggregation across PFLs, support that single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs.
Proposal 5: For the measurement report of SRS bandwidth aggregation across carriers, support that single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers.

PRS BW aggregation
Collision rules
In RAN1#112bis-e [4], we discussed the measurement procedure for PRS resources aggregated across PFLs and we have the following agreement.
	[bookmark: _Hlk141194767]Agreement
For the case when PRS in one of aggregated PFL is dropped, e.g. because of collision with SSB, select one of the following solutions for LMF based positioning
· Alt. 1: Drop positioning measurement in all aggregated PFLs in the same symbol(s)
· Alt. 2: Still perform positioning measurement based on the remaining PRSs in other PFL(s)
· FFS the details and the difference between MG and PPW if PPW is supported
Note: Up to RAN4 to discuss impact on requirements, if any, for such cases


Regarding the case when PRS in one of aggregated PFLs is dropped, we prefer Alt. 1 for simplicity. The reason is that adopting Alt. 2 actually overcomplicates the overall positioning requirement and should only be considered by RAN4 if necessary.
For the collision with SSB, assuming both PRS and SSB are periodic, with the typical periodicity of 80ms and 20ms, the collision is thus likely happening periodically on every PRS measurement occasion as shown in Figure 1, which effectively makes the PRS transmission not aggregable in any transmission occasion. In this case, the assistance data should not include the dropped PRS in the aggregation link.
SSB
PRS resources that are aggregable
PRS resource that is not aggregable
PRS resources that is dropped
The same situation for the 2nd occasion

[bookmark: _Ref141792476]Figure 1 PRS resource that may be periodically dropped when colliding with SSB
Therefore, we have the following proposal.
Proposal 6: For the case when PRS in one of aggregated PFLs is dropped, drop positioning measurement on the remaining aggregated PFLs in the same symbol(s).

UE processing limitation
In the last meeting, we have the following agreement for which conditions should be satisfied for PRS bandwidth aggregation:
	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



There is another problem that needs to be resolved for PRS bandwidth aggregation. Currently, even for the aggregation of contiguous CCs, PRSs on these contiguous CCs may still be discontinuous, as shown in the following Figure-2, which can be caused by
· The non-zero guard band between consecutive CCs
· Limitation of PRS RB allocation at the CC edge
· Flexible configuration of PRS bandwidth and frequency position

[image: ]
[bookmark: OLE_LINK69]                         Figure-1. Frequency domain structure of PRS bandwidth aggregation on two PFLs
In Figure-1, it shows frequency domain gap between the two PRSs transmitted in contiguous CCs. If the UE receives two PRSs at the same time and performs joint estimation, the size of the gap will affect precision of TOA estimation and positioning accuracy. We evaluated the impact of gap size on positioning accuracy, as shown in the following figure: 

[image: ]
                              Figure-2: The CDF of Positioning error for different gap size
In the evaluation above, we assume the total bandwidth is 200MHz with frequency domain gaps between the two aggregated PRS resources. For example, the Gap=0.8 means 200*0.8=160 MHz BW is not used for PRS transmission in the middle of 200MHz. We can see that the positioning accuracy decreases as the gap size increases. 
[bookmark: OLE_LINK84]Therefore, when the network configures the PRS for bandwidth aggregation positioning for the UE, some restrictions should be met to achieve the positioning accuracy gain from the large bandwidth. For example, the gap size between two PRS in the adjacent CCs should be no larger than X otherwise the performance requirement will not be met, where the X indicates the percentage of the gap size to the total bandwidth size. The specific value of X can be determined by RAN4.
Proposal 7: For PRS bandwidth aggregation between PRS in two or three different PFLs, the following condition is needed for the aggregated PRS resources:
the gap size in the frequency domain between two aggregated PRS in the adjacent CCs should be no larger than X, where the specific value of X can be determined by RAN4

UE receiving process
In the last meeting, we have the following agreement for PRS bandwidth aggregation measurement:
	Agreement
[bookmark: OLE_LINK99][bookmark: OLE_LINK100]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.



Based on the above conclusions, the measurement priority of TRP configured with PRS aggregation is higher than that of TRP without PRS aggregation. Such conclusion is needed but not sufficient. Among the TRPs configured with PRS aggregation, the PRS aggregation configuration may also be different, and the measurement priority can be further specified to reduce the complexity and the delay of UE measurement. For example, when a reference TRP is configured, UE can firstly measure TRPs with the same positioning frequency layer as that for the reference TRP, as shown below:
[image: ]
                             Figure 1：PRS configuration structure for different TRPs
In Figure 1 above, assuming that the network has configured a reference TRP and the aggregated PRS resources on PFL-1 (positioning frequency layer) and PFL-2, UE can preferentially measure TRP2 and TRP4, because these TRPs have the same PFL combinations and the same aggregated bandwidth as the reference TRP. Although TRP3 also configures two aggregated PRS resources, it has a different PFL combination and total aggregation bandwidth from the reference TRP. Therefore, if the UE directly measures the PRS of TRP3 after measuring the PRS of the reference TRP, the UE needs to perform frequency switching and FFT size adjustment to receive and process the PRS of TRP3, which increases the processing complexity and delay of UE measurement. 
Therefore, when the UE receives a request to perform aggregated measurements, the UE may preferentially measure a TRP that has the same frequency combination and the same aggregated total bandwidth as the PRS aggregation resources of the reference TRP.
Proposal 8: When the UE receives a request to perform aggregated measurements, 
[bookmark: OLE_LINK101]TRP(s) that include the same PFL combination and the same aggregated total bandwidth as the reference TRP have higher priority than the TRPs that do not include the same frequency combination. 

SRS BW aggregation
Collision rules
In RAN1#113 [2], we discussed the collision rule for SRS resources aggregated across carriers and we have the following agreement.
	Agreement
For positioning SRS aggregation transmission in RRC_INACTIVE state, reuse Rel-17 prioritization rule of SRS outside initial BWP, i.e. SRS is dropped in the symbol(s) of all aggregated carriers where collision occurs.


As the collision rule for positioning SRS aggregation transmission made for RRC_INACTIVE state, the collision rule should also be resolved for the UEs in RRC_CONNECTED state. Similar to the collision rule of PRS aggregation, the most straightforward scheme is keeping the same rule as for RRC_INACTIVE state, i.e., dropping all positioning SRS transmissions as long as one of the aggregated SRS collides with other channels/signals on one carrier.
Proposal 9: For the case when SRS in one of aggregated carriers is dropped, SRS transmission over all other aggregated carriers in the symbol(s) is dropped for RRC_CONNECTED state as that agreed for RRC_INACTIVE state.

UE transmitting limitation
In the last meeting, we have the following agreement for which conditions should be satisfied for SRS bandwidth aggregation:
	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.



The remaining issue is same as PRS bandwidth aggregation. The aggregated SRS resources from different carriers can be anywhere of the carriers. The frequency gap size between two SRS resources may be too large to deteriorate the positioning accuracy. 
Therefore, when the network configures UE with the SRS bandwidth aggregation for positioning, some restrictions should be met to achieve the positioning accuracy gain from the large bandwidth. For example, the gap size between two SRS in the adjacent CCs should be no larger than Y otherwise the performance requirement will not be met, where the Y indicates the percentage of the gap size to the total aggregated bandwidth size. The specific value of Y can be determined by RAN4.
Proposal 10: For SRS bandwidth aggregation between SRS in two or three carriers, the following condition is needed for the aggregated SRS resources:
· the gap size in the frequency domain between two aggregated SRS in the adjacent CCs should be no larger than Y, where the specific value of Y can be determined by RAN4

Power control
In RAN1#112bis-e [4], we discussed the power control for aggregated SRS resources and an FFS was made to study the power scaling between aggregated carriers.
	Agreement
Support the same power prioritization between the aggregated carriers in the case when total UE transmit power in a transmission occasion I exceeds  
· The UE allocates power to the multiple SRS resources in the transmission occasion i of the aggregated carriers such that the UE’s transmit power in each transmitted resource element is equal.
· FFS further details, e.g. power scaling between aggregated carriers


It was agreed to further study power scaling between aggregated carriers when total UE transmit power in a transmission occasion I exceeds  In this case, the power scaling between aggregated carriers should be equal so as to maintain the same PSD. The power allocation of each carrier should be considered together with the maximum transmit power and the transmit power of other channels or signals whose priorities are higher than SRS. For SRS for positioning transmission over multiple carriers, the power allocation for each carrier can be scaled based on the remaining power. 
The scaling factor should be proportional to the transmission power on one carrier as calculated as the legacy per CC power control mechanism considering the pathloss impact, so it can be represented by the transmission power on one carrier over the total SRS transmission power across multiple carriers, where the transmission power on one carrier is calculated as the legacy per CC power control mechanism. 
The remaining power is the remaining amount after allocating the transmission power for other channels or signals whose priorities are higher than SRS.
Proposal 11: For SRS for positioning transmission in multiple carriers, the power allocation for each carrier can be scaled based on the remaining power.
•	The scaling factor is represented as the proportion of the transmission power on one carrier over the total SRS transmission power across multiple carriers, where the transmission power on one carrier is calculated based on the legacy per CC power control mechanism.
•	The remaining power is the remaining amount after allocating the transmission power for other channels or signals whose priorities are higher than SRS.

Form RAN1 perspective, an additional formula for power control for SRS carrier aggregation should be defined. For active UL BWP  of carrier  of serving cell , the linear transmission power   in SRS transmission occasion  can be shown as

where, 
·  is the linear transmission power calculated as the legacy per CC power control for SRS transmission.
·  is the total SRS transmission power across multiple carriers, where each of them is calculated based on the legacy per CC power control mechanism.
·  is the remaining power for SRS transmission ,  where  is the UE configured maximum output power, is sum of transmission power for other channels or signals whose priorities are higher than SRS.
Proposal 12: For both RRC_INACTIVE and RRC_CONNECTED states, the transmission linear power of each carrier among the aggregated carriers for SRS should be determined according to

where, 
·  is the linear transmission power calculated as the legacy per CC power control for SRS transmission
·  is the remaining linear power for SRS transmission  after allocating the transmission power for other channels or signals whose priorities are higher than SRS.

Conclusion
This contribution provides our views on the solutions to support PRS/SRS bandwidth aggregation. Based on the discussion, we have the following proposals.
Proposal 1: For the PRS and SRS BW aggregation, the aggregated PRS resources in two or three PFLs for a TRP and the aggregated SRS resources in two or three carriers should have the same antenna port from RAN1 perspective.
Proposal 2: There is no need to additionally discuss the TEG feature for aggregating carriers for positioning.
Proposal 3: For PRS/SRS bandwidth aggregation, the new ReportingGranularityfactor should also support k={-3,-4,-5,-6} in addition to {-1,-2} when the LMF requests the aggregated measurements.
Proposal 4: For the measurement report of PRS bandwidth aggregation across PFLs, support that single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs.
Proposal 5: For the measurement report of SRS bandwidth aggregation across carriers, support that single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers.
Proposal 6: For the case when PRS in one of aggregated PFLs is dropped, drop positioning measurement on the remaining aggregated PFLs in the same symbol(s).
Proposal 7: For PRS bandwidth aggregation between PRS in two or three different PFLs, the following condition is needed for the aggregated PRS resources:
the gap size in the frequency domain between two aggregated PRS in the adjacent CCs should be no larger than X, where the specific value of X can be determined by RAN4
Proposal 8: When the UE receives a request to perform aggregated measurements, 
TRP(s) that include the same PFL combination and the same aggregated total bandwidth as the reference TRP have higher priority than the TRPs that do not include the same frequency combination.
Proposal 9: For the case when SRS in one of aggregated carriers is dropped, SRS transmission over all other aggregated carriers in the symbol(s) is dropped for RRC_CONNECTED state as that agreed for RRC_INACTIVE state.
Proposal 10: For SRS bandwidth aggregation between SRS in two or three carriers, the following condition is needed for the aggregated SRS resources:
· the gap size in the frequency domain between two aggregated SRS in the adjacent CCs should be no larger than Y, where the specific value of Y can be determined by RAN4
Proposal 11: For SRS for positioning transmission in multiple carriers, the power allocation for each carrier can be scaled based on the remaining power.
•	The scaling factor is represented as the proportion of the transmission power on one carrier over the total SRS transmission power across multiple carriers, where the transmission power on one carrier is calculated based on the legacy per CC power control mechanism.
•	The remaining power is the remaining amount after allocating the transmission power for other channels or signals whose priorities are higher than SRS.
Proposal 12: For both RRC_INACTIVE and RRC_CONNECTED states, the transmission linear power of each carrier among the aggregated carriers for SRS should be determined according to

where, 
·  is the linear transmission power calculated as the legacy per CC power control for SRS transmission,
·  is the remaining linear power for SRS transmission  after allocating the transmission power for other channels or signals whose priorities are higher than SRS.


Reference
[1] [bookmark: _Ref134176555][bookmark: _Hlk126226815][bookmark: OLE_LINK38][bookmark: _Ref94100334][bookmark: _Ref100738124][bookmark: _Ref86845911]3GPP RP-223549, “New WID on Expanded and Improved NR positioning”.
[2] [bookmark: _Ref141189809]RAN1, Chair’s Notes RAN1#113, RAN1#113, Incheon, Korea, 22nd – 26th May, 2023.
[3] [bookmark: _Ref130893575][bookmark: OLE_LINK44][bookmark: OLE_LINK45][bookmark: _Ref118399683][bookmark: _Ref126598855]TS 38.211, Physical channels and modulation (Release 17).
[4] [bookmark: _Ref134620184]RAN1, Chair’s Notes RAN1#112bis-e, RAN1#112bis-e, E-meeting, 17th – 23th April, 2023.
[5] [bookmark: _Ref131525133]R4-2300001, Meeting Report for TSG RAN WG4 meeting: 105, RAN4#105, Toulouse, FRANCE, 14th – 18th November, 2022
[6] [bookmark: _Ref141276455]TS 38.104, Base Station (BS) radio transmission and reception (Release 18)


image3.png
PFL1

PFL2 —

PFL3 —

PFL4 —

Reference TRP TRP2 TRP3 TRP4
Resource set 2 | Resource set 2 | | Resource set 1 | | Resource set2 |

Resource set 2

—

—

50MHz

50MHz

100MHz

100MHz




image1.png
Gap
e s ]
Band
Total BW





image2.png
InF-SH-baseline

0 L L L L L L L L L ‘
0 0.5 1 15 2 2.5 3 35 4 4.5 5

Position Error [m]





