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Introduction
In RAN- 98 e-meeting, the WI of Rel-18 positioning [1] is approved, and the objectives on bandwidth aggregation for positioning can be seen as below:
· 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 contribution, we focus on the discussion on signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements.  
Bandwidth aggregation for PRS measurement and report
Bandwidth aggregation configuration for PRS 
In RAN1-112 meeting [2], the following agreements were archived on bandwidth aggregation for PRS configuration.
Agreement
To enable PRS bandwidth aggregation between PRS in two or three different PFLs, the following conditions should be satisfied for the aggregated PRS resources from a TRP across the aggregated PFLs:  
· In the same slot, in same symbols, by the same TRP associated with the same ARP, from the same RF chain (i.e. the same antenna), this implies 
· FFS: The same gNB Tx TEG and the same UE Rx TEG, the maximum TX timing error margin
· The same QCL
· The same number of symbols, symbol location within one slot, repetition factor, 
· FFS: the same periodicity and slot offset
· FFS muting pattern
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of PRS resource sets and resources for a TRP 
· The same power per subcarrier
· FFS: the same NR-DL-PRS-SFN0-Offset 
· Aggregated PFLs are configured on the same aligned numerology grid
· FFS: How to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones (e.g, PFLs with different RE-offset configurations, PFLs with different point A)
· Phase continuity between aggregated PFLs 
Agreement
For PRS bandwidth aggregation across PFLs, support enhancement of PRS configuration to inform UE by LMF (or inform LMF by NG-RAN) PRS resources from which two or three PFLs are linked. 
· FFS whether the link is for all TRPs or per TRP basis
· FFS whether the link is per PRS resource set basis or per PRS resource basis.

It was discussed in last RAN1 meeting that enhancement of PRS configuration to inform UE by LMF PRS resources from which two or three PFLs are linked will be supported. But whether the link is for all TRPs or per TRP basis, or whether the link is per PRS resource set basis or per PRS resource basis is not agreed. From our point of view, it is better to support that the link is for all TRPs and the link is per PRS resource set. Since, for a UE, coordinated TRP will be same, there is no motivation to configure the link per TRP basis. While for PRS resource set or PRS resource, it is simple to realize the link per PRS resource set. And different PRS resource set can have different link property.
Proposal 1: Support the link for all TRPs and per PRS resource set for aggregated PRS.
Since the link will be configured per PRS resource set, the number of PRS resource in the PRS resource set of different TRP should be same. But the number of PRS resource set can be different. Since other PRS resource set can be used for single PFL positioning measurement. While for the muting pattern, it is better to be same across multiple CC/PFLs. Since if for time instance#1, there is PRS transmission from one CC, but for time instance#2, there are PRSs transmission from three CCs, how does UE measure in this case? If it measures the time instance with PRSs transmission from three CCs only, i.e., time instance #2, and indicate the timestamp of the measurement results, why the CC transmits the PRS at time instance #1? If it measures both PRS at time instance #1 and time instance #2, the accuracy of the measurement results for time instance #1 may not good enough and it will be a waste of resource. Thus we prefer same muting pattern across CCs/PFLs as well as periodicity and offset. 
Proposal 2: Support same periodicity, slot offset, and muting pattern for PRS across the aggregated PFLs.

Measurement gap/PPW configuration for PRS 
For PRS measurement, both measurement gap and PRS processing window can be configured in legacy system. For measurement gap, it is configured per UE and only one CC can be measured in each time instance of measurement gap. But for PRS transmitted by bandwidth aggregation, it requires UE to measure PRS across all aggregated CCs/PFLs.
Proposal 3: Consider to measure PRS across all aggregated CCs/PFLs in one time instance of measurement gap/PPW.
As well as PRS processing window, in order to measure PRS across all aggregated CCs/PFLs in one PRS processing window, it is necessary to make sure that a common PRS processing window is configured across all aggregated CCs/PFLs. But as we all know, the PRS processing window is configured per BWP per CC in legacy system. In order to make sure a common PRS processing window across all aggregated CCs/PFLs, for RRC configuration, gNB implementation can support. In addition, the PRS processing window is activated per BWP per CC in legacy system too. Thus for bandwidth aggregation, multiple MAC CE will be needed to activate PRS processing window for aggregated CCs/PFLs and a common PRS processing window is activated. Which will introduce high MAC CE signalling overhead. In order to reduce the MAC CE signalling overhead, it is better to enhance the MAC CE for activation of PRS processing window for aggregated CCs/PFLs. For example, one MAC CE can be applied for all aggregated CCs/PFLs and the activated PRS processing window is same across all aggregated CCs/PFLs by same PRS processing window ID configured by RRC.  In this case, the type and the priority in PRS processing window on each CC/PFL are also same to each other.
Proposal 4: To enhance MAC CE for activation of a common PRS processing window ID for all aggregated CCs/PFLs.
In R17, the PPW, in which the PRS will be transmitted, is introduced to reduce measurement delay via increasing PRS transmission opportunity. When UE performs measurement within the DL PRS processing window, it determines the DL PRS priority as indicated by higher layer parameter priority subject to UE capability:
· with value 'st1' where the DL PRS is higher priority than all the DL signals and channels
· with value 'st2' where the DL PRS is lower priority than PDCCH and the PDSCH scheduled by DCI formats 1_1 or 1_2 with the priority indicator field in the corresponding DCI format set to 1, and is higher priority than other DL signals and channels
· with value 'st3' where the DL PRS is lower priority than all the DL signals and channels.
As shown in figure 1, DL PRS will be dropped when there is some other channel/signal having higher priority than DL PRS within PPW, like the PRS set 1 at t3 and t4. When that happens, it should be specified whether UE can still perform measurement based on the remaining PRS, like PRS set2 at t3 or t4, or not. Another way to handle this issue is to introduce restriction that only value ‘st1’ shall be configured for these DL PRS applied to bandwidth aggregation in PPW.


Fig.1 Dropping of PRS resource/set in PPW
Observation 1: UE cannot perform bandwidth aggregation when DL PRS resource/set in one PFL is dropped because of collision with other higher priority channel/signal within PPW.
When the dropping happens, UE can stop positioning measurement or it could just perform positioning measurement based on the remaining PRS, like the PRS set 2 at t3. While, UE needs to inform NW the measurement results are obtained based the remaining PRS resource/set in reporting instance if the UE still perform positioning measurement based on the remaining PRS. And whether the measurement results will be used for positioning is up to NW.
Proposal 6: When the dropping of DL PRS resource/set happens in one PFL within PPW, UE can
· Alt. 1: stop positioning measurement
· Alt. 2: still perform positioning measurement based on the remaining PRSs in other PFL(s)

Report for aggregated PRS 
In RAN1-112 meeting [2], the following agreements were archived on report for PRS resources aggregated across the PFLs.
Agreement
Support joint measurement and report for the PRS resources aggregated across the PFLs for DL-TDOA and multi-RTT positioning methods
· In a measurement report element, single RSTD or single UE Rx-Tx time difference is reported for the PRS resources across aggregated PFLs
· FFS: RSRP, RSRPP
· FFS: In a measurement report, PFL aggregation indication is supported to indicate whether/which PFLs are aggregated for the PRS measurement
· FFS whether to use PRS assistance data or use location information request message to indicate UE to perform joint measurement across aggregated PFLs
· FFS RSTD reference configuration or report should be enhanced
In legacy single PFL positioning measurement report of PRS, the measurement results related information including the TRP ID, cell ID, PRS resource set ID, PRS resource ID will be reported. And for different PFL, different PRS resource set ID will be used, in this case, the PRS can be differentiated by PRS resource set ID and PRS resource ID from the same TRP. In bandwidth aggregation for PRS transmission, link indication will be indicated in PRS configuration. And in the measurement report, PFL aggregation indication will be included to let LMF know the PRS for which PFLs are measured. And in order to support the PFL aggregation indication, there are two alternatives. Alt 1 is to include multiple PRS resource set ID and PRS resource ID in the measurement report directly. Alt 2 is to include the link ID in the measurement report for simplicity. But if the link ID is per PRS resource set, the PRS resource will be included in addition. If the link ID is per PRS resource and the link ID is unique among PRS resources on the TRP, no additional information is needed. If the link ID is unique only among the PRS resource set, the PRS resource set ID is needed.
Proposal 6: Consider to include multiple PRS resource set ID/PRS resource ID, or a link ID in positioning report to indicate the aggregated CCs/PFLs for PRS.
On-demand aggregated PRS 
In RAN1-112 meeting [2], the following agreements were archived on on-demand PRS aggregated across the PFLs.
Agreement
· Support LMF-initiated and UE-initiated on-demand PRS request for PRS bandwidth aggregation
· FFS details
· Support preconfigured on-demand PRS across PFLs for PRS bandwidth aggregations
· FFS details
In the request for aggregated on-demand PRS across multiple PFLs, the resource set periodicity, the repetition factor, the number of symbols, the comb size, the QCL should be same for PRS across multiple PFLs.
Proposal 7: Same resource set periodicity, same repetition factor, same number of symbols, same comb size, and same QCL for on-demand PRS across multiple PFLs in on-demand PRS request can be supported.
UE capability on aggregated PRS 
In legacy CA mechanism, which band combination can be supported should be up to UE capability. While for PRS aggregation, it is better to define a separate UE capability independent from DL CA communication. And with this UE capability, UE need to report the bandcombination, the maximum number of carriers, the supported combination set, the power class for PRS aggregation. 
Proposal 8: Define a new UE capability to report the bandcombination, the maximum number of carriers, the supported combination set if more than one for PRS bandwidth aggregation.
Bandwidth aggregation for SRS measurement and report
Bandwidth aggregation configuration for SRS 
In RAN1-112 meeting [2], the following agreements were archived on bandwidth aggregation for SRS configuration.
Agreement
To enable SRS bandwidth aggregation between SRS in two or three carriers, the following conditions should be satisfied for the aggregated SRS resources across the aggregated carriers
· In the same slot, in same symbols, from the same antenna, this implies
· FFS: The same gNB Rx TEG and the same UE Tx TEG
· The same spatial relation
· The same startPosition, nrofSymbols
· FFS: periodicityAndOffset, and slotOffset
· The same numerology, i.e. the same CP and SCS
· The same or different bandwidths
· The same comb size
· FFS: The same number of SRS resource sets and resources 
· The same Tx PSD (power per subcarrier)
· FFS whether to need the same pathloss RS, Po and alpha
· Note: the Tx PSD is not captured in RAN1 specifications
· FFS: SRS with RE-offset configuration which maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones
· Phase continuity between aggregated SRS in different carriers
Agreement
For SRS bandwidth aggregation across two or three carriers, support enhancement of SRS configuration to indicate the SRS resources from which two or three carriers are linked 
· SRS resources are per BWP per carrier configuration
· FFS whether the link is per SRS resource set basis or per SRS resource basis.
As same as PRS configuration with bandwidth aggregation, we also prefer the link is per SRS resource set. And prefer the same periodicityAndOffset, and slotOffset for SRS across the aggregated carriers.
Proposal 9: Support the link per SRS resource set for aggregated SRS.
Proposal 10: Support same periodicityAndOffset, and slotOffset for SRS across the aggregated carriers.
Report for aggregated SRS 
In RAN1-112 meeting [2], the following agreements were archived on report for SRS resources aggregated across the carriers.
Agreement
Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs

In legacy single carrier positioning measurement report of PRS, the measurement results related information including the LMF measurement ID will be reported. And the LMF measurement ID can be associated with a SRS configuration, which indicating the carrier and BWP of the SRS resource. For SRS measurement result request from LMF, a LMF measurement ID associated with multiple SRS configuration can be supported. In this case, TRP can reuse the legacy measurement report to indicate a LMF measurement ID, but the LMF measurement ID is associated with multiple SRS configuration. Another alternative is to include a link ID in measurement request and measurement response. The link ID can be configured by SRS configuration from gNB to UE and can also be indicated to LMF. In this case, the link ID can be included in the measurement request to associated with a LMF measurement ID. 
Proposal 11: Enhance LMF measurement ID to associate with multiple SRS configuration respective to different carrier, or to associate with a link ID configured to SRS across the aggregated carriers. 
SRS type for aggregated PFLs 
In RAN1-112 meeting [2], the following agreements were archived on SRS type of SRS resources aggregated across the carriers.
Agreement
At least support periodic positioning SRS and semi-persistent positioning SRS for bandwidth aggregation
· Support single MAC CE activating positioning SRS resource sets across the linked carriers
· FFS whether support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state. Study a single DCI scheduling positioning SRS across the linked carriers, and check whether the conclusion/agreements in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI can be reused
· FFS MIMO SRS can be supported for bandwidth aggregation, e.g. with UE transparent way
According to the agreement in agenda of multi-cell PUSCH/PDSCH scheduling with a single DCI, it can be supported to trigger aperiodic SRS across multiple carriers. If aperiodic SRS for bandwidth aggregation is supported, it can be reused. 
Observation 2: Single DCI triggers aperiodic SRS across multiple carriers is supported in multi-cell PUSCH/PDSCH scheduling.

Power control for aggregated SRS 
In RAN1-112 meeting [2], the following agreements were archived on power control for SRS bandwidth aggregation.
Agreement
[bookmark: _Hlk131672437]Study potential power control enhancement of simultaneous transmission of SRS for SRS bandwidth aggregation especially in the case when the total uplink transmission power across multiple carriers exceeds P_c,max
At first, the SRSs applied to bandwidth aggregation should have the same power per subcarrier based on the agreement in last meeting, which cannot be guaranteed in the current specification. For the SRSs simultaneously transmitted in different CCs in current intra-band and inter-band CA operation, the transmit power for the SRS in each CC is decided as
[image: ]
When the SRS is mapped to physical resources, the sequence for each OFDM symbol shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power discussed above. And the amplitude scaling factors for SRS in different CCs are considered separately. Then, as illustrated in Figure 2, the power per subcarrier for SRS in CC1 is P1/N1, which N1 is the SRS bandwidth in CC1 expressed in number of resource element and P1 is calculated via the formula above. Similarly, the power per subcarrier for SRS in CC2 is P2/N2. 


Fig2. SRSs in different CCs
Apparently, P1/N1=P2/N2 cannot be guaranteed even the SRSs in different CCs are indicated with the same power control parameters. Then how to ensure SRSs applied to bandwidth aggregation in different CCs have the same transmit power per subcarrier should be specified first.
[bookmark: _Hlk131670745]There is one possible way to deal with this issue is to set the same amplitude scaling factor  for SRS in different CCs. After UE calculate the transmit power for SRSs in different CC, denoted as P1, P2, based indicated PC parameters as

Then the power per subcarrier for bandwidth aggregation SRSs is (P1+P2)/N, where N is the total number of REs for SRSs in all aggregated CCs. Well, then the transmit power of SRS in CC1 is  and that of SRS in CC2 is . 
Proposal 12: To guarantee that the bandwidth aggregation SRSs in different CCs have the same transmit power per subcarrier, the amplitude scaling factor β for SRSs in different CCs should be the same.
In addition, when the sum of transmit power calculated based on PC parameters over all CCs is larger than the power limitation , the power per subcarrier for bandwidth aggregation SRSs is ()/N.  That is, the total transmit power is set to .
Proposal 13: The total transmit power of SRS applied to bandwidth aggregation is set to  when the total uplink transmission power across multiple carriers exceeds 

UE capability on aggregated SRS 
In RAN1-112 meeting [2], the following agreements were archived on UL communication CA and SRS bandwidth aggregation.
Agreement
Study the relationship between UL communication CA and SRS bandwidth aggregation, including
· Whether to support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities
· Whether to support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA, i.e. SRS outside BWP and across carriers

As same as UE capability for PRS bandwidth aggregation, it is also better to define a new UE capability independent from UL communication CA to report the supported bandcombination, the maximum number of carriers and the supported combination set if more than one for SRS bandwidth aggregation. 
Proposal 14: Define a new UE capability to report the bandcombination, the maximum number of carriers, the supported combination set if more than one for SRS bandwidth aggregation.
Conclusion
In this contribution, we discussed about bandwidth aggregation for positioning measurements. Based on above discussion, we provide the following proposals:
Proposal 1: Support the link for all TRPs and per PRS resource set for aggregated PRS.
Proposal 2: Support same periodicity, slot offset, and muting pattern for PRS across the aggregated PFLs.
Proposal 3: Consider to measure PRS across all aggregated CCs/PFLs in one time instance of measurement gap/PPW.
Proposal 4: To enhance MAC CE for activation of a common PRS processing window ID for all aggregated CCs/PFLs.
Observation 1: UE cannot perform bandwidth aggregation when DL PRS resource/set in one PFL is dropped because of collision with other higher priority channel/signal within PPW.
Proposal 5: When the dropping of DL PRS resource/set happens in one PFL within PPW, UE can
· Alt. 1: stop positioning measurement
· Alt. 2: still perform positioning measurement based on the remaining PRSs in other PFL(s)
Proposal 6: Consider to include multiple PRS resource set ID/PRS resource ID, or a link ID in positioning report to indicate the aggregated CCs/PFLs for PRS.
Proposal 7: Same resource set periodicity, same repetition factor, same number of symbols, same comb size, and same QCL for on-demand PRS across multiple PFLs in on-demand PRS request can be supported.
Proposal 8: Define a new UE capability to report the bandcombination, the maximum number of carriers, the supported combination set if more than one for PRS bandwidth aggregation.
Proposal 9: Support the link per SRS resource set for aggregated SRS.
Proposal 10: Support same periodicityAndOffset, and slotOffset for SRS across the aggregated carriers.
Proposal 11: Enhance LMF measurement ID to associate with multiple SRS configuration respective to different carrier, or to associate with a link ID configured to SRS across the aggregated carriers. 
Observation 2: Single DCI triggers aperiodic SRS across multiple carriers is supported in multi-cell PUSCH/PDSCH scheduling.
Proposal 12: To guarantee that the bandwidth aggregation SRSs in different CCs have the same transmit power per subcarrier, the amplitude scaling factor β for SRSs in different CCs should be the same.
Proposal 13: The total transmit power of SRS applied to bandwidth aggregation is set to  when the total uplink transmission power across multiple carriers exceeds 
Proposal 14: Define a new UE capability to report the bandcombination, the maximum number of carriers, the supported combination set if more than one for SRS bandwidth aggregation.

References
[1] RP-223549, New WID on Expanded and Improved NR Positioning
[2] Chairman’s note of 3GPP RAN1-112 meeting
image2.wmf
ï

þ

ï

ý

ü

ï

î

ï

í

ì

×

+

×

+

=

)

(

)

(

))

(

2

(

log

10

)

(

),

(

min

)

,

(

,

,

,

,

,

SRS

,

,

SRS,

10

,

,

O_SRS,

,

,

CMAX

,

SRS,

d

c

f

b

s

c

f

b

c

f

b

s

c

f

b

c

f

s

f,c

b

q

PL

q

i

M

q

P

i

P

q

i

P

a

m


image3.emf
CC1

SRS set1 SRS set2

CC2

SRS set3 SRS set4


Microsoft_Visio_Drawing1.vsdx
CC1
SRS set1
SRS set2
CC2
SRS set3
SRS set4



image1.emf
PFL1

PRS set 1 PRS set 1 PRS set 1 PRS set 1

PFL2

PRS set 2 PRS set 2 PRS set 2 PRS set 2

t3

t4

t2 t1


Microsoft_Visio_Drawing.vsdx
PFL1
PRS set 1
PRS set 1
PRS set 1
PRS set 1
PFL2
PRS set 2
PRS set 2
PRS set 2
PRS set 2
t3
t4
t2
t1



