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1. [bookmark: OLE_LINK1]Introduction
Until RAN1#112bis-e meeting, the good progress has been achieved for the topic of PRS/SRS bandwidth aggregation. In this contribution, we provide our further views on the remaining issues for this topic. 
2. PRS BW aggregation
2.1. Common transmission properties
For DL PRS bandwidth aggregation, as RAN4 has concluded that PRS from multiple PFLs (positioning frequency layers) should be transmitted in the same time from the same antenna, and the numerology of PFLs should be the same. 
In RAN1, more conditions have been agreed including the same QCL, the same number of PRS symbols, symbol locations within one slot, repetition factor, the same comb size, the same power and the same aligned numerology grid. 
However, there are still some conditions need more discussion. The following agreement has been agreed in RAN1#112bis-e meeting.
	Agreement
For PRS bandwidth aggregation between PRS in two or three different PFLs, decide whether one or more of the following are needed for the aggregated PRS resources from a TRP in RAN1#113 meeting:
· The same antenna port from RAN1 perspective
· Note: this is to achieve phase continuity between PFLs
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and/or resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value
· UE is expected to be configured with PRS resources that maintain a per-symbol uniformly spaced PRS pattern across aggregated bandwidths 
· FFS: a per-symbol uniformly spaced PRS pattern across aggregated bandwidths does not preclude dropping some REs in the guardband between two PFLs
· Others if any


In RAN1 specification, antenna port is defined to usually imply the same channel property from the same antenna(s). Hence, we think it is better to support the condition of ‘the same antenna port’ to make RAN1 specification clear. 
For periodicity and slot offset, we believe the same values should be used. Otherwise, the following situation may be happened if the different periodicities are used for the two PFLs. In the case when M=4 measurement samples are used for PRS measurement, it is unclear how UE can get single timing measurement result based on such PRS configuration where only partial of M=4 PRS instances can be aggregated.
[image: ]
Figure 2.1-1 Different periodicities for the PRS resource sets across two PFLs
Similar as the periodicity and slot offset, we propose to use the same muting pattern to simplify the implementation for this feature. 
Also, for the number of PRS resource sets and resources, we think the same numbers should be used across the aggregated PFLs. If the number of resources for the linked PRS resource sets are different as shown in the left side of Figure 2.1-2 where some resources are linked, but some other resources only exist in PFL#j, it is unclear what the use case or benefit is to support this scenario. In FR2, one resource usually represents one beam, it is also unclear how to fairly compare the beam quality if only partial beams are based on aggregated resources. 
[image: ]
Figure 2.1-2 Different number of PRS resources or resource sets across two PFLs
With regard to NR-DL-PRS-SFN0-Offset, we think the same value is also needed since RAN1 has concluded that the subframe timings of the intra-band contiguous carriers are the same when deciding to reuse the legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference.
As for how to maintain contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones, e.g, PFLs with different RE-offset configurations or PFLs with different point A, we think it is up to network implementation to ensure the uniform and contiguous PRS RE distribution. 
Proposal 1: For PRS bandwidth aggregation between PRS in two or three different PFLs, the followings are needed for the aggregated PRS resources from a TRP:
· The same antenna port from RAN1 perspective
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value

2.2. Link configuration
The following agreement has been agreed in RAN1#112bis-e meeting. 
	Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113
· 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.
· Option 3: Per TRP basis and per PRS resource basis. 
· For each TRP, support new signaling to indicate which PRS resource(s) across PFLs are linked.
· For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied.



To inform UE which PFLs are linked for potential PRS bandwidth aggregation measurement, the existing assistance data should be enhanced as shown in the above agreement. 
To keep both specification and implementation simple, we suggest per PRS resource set basis for the link signaling between PFLs. We haven’t found the good use cases and benefit of per resource set or resource basis. 
Proposal 2: For PRS bandwidth aggregation across PFLs, support Option 2, i.e. per PRS resource set basis.

2.3. Measurement report
In Rel-16/17, for each measurement element of the current measurement report for DL-TDOA and multi-RTT measurement at UE side, i.e. in the first measurement element or an additional measurement element, UE needs to report TRP ID, RSTD or UE Rx-Tx time difference, PRS resource ID, PRS resource set ID, etc. The measurement should be based on a single PFL as UE can only process PRS of multiple PFLs in TDMed manner.
In Rel-18, when UE is configured with BW aggregated PRS via LPP assistance data, the following agreements have been achieved for measurement report. 
	Agreement in RAN1#112
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

Agreement in RAN1#112bis-e
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not



Based on the above agreement, basically, the legacy single PFL measurement structure is reused for Rel-18 PRS bandwidth aggregation measurement. 
Since RSRP/RSRPP may also be reported along with the RSTD and UE Rx-Tx time difference measurement, in the case that UE uses single IFFT operation to measure the aggregated PRS resources, the joint RSRP and RSRPP can be calculated based on the equivalently larger bandwidth PRS. That is, the aggregated PRS is jointly operated as a whole. Hence, we think single RSRP or RSRPP should be supported which is based on the aggregated PRS. Otherwise, UE needs to report two or three RSRP/RSRPP corresponding one timing measurement result which cause unnecessary resource waste. 
Width regard to RSTD reference, single RSTD reference should be supported in both assistance data and measurement report. In the assistance data, whether RSTD reference is aggregated or not depends on whether the corresponding PRS resource or resource sets are linked or not. Similarly, in the measurement report, whether RSTD reference is aggregated or not depends on the corresponding PRS measurement of the RSTD reference is aggregated or not. 
Proposal 3: For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods,
· In a measurement report element, single RSRP or single RSRPP is reported 
· With regard to whether RSTD reference is aggregated or not, it depends on whether the corresponding PRS measurement of the RSTD reference is aggregated or not

2.4. TEG report
	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



In RAN1#112bis-e meeting, the above agreement is made to study whether single TEG ID is reported across the aggregated PRS resources. Since a single RF/antenna is used across the aggregated PRS resources, and the TEG related UE capability is defined and reported per band, it is sufficient to apply single TEG ID across agregated PFLs because the two or three aggregated PFLs belong to intra-band contiguous carriers. 
Proposal 4: 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.

2.5. MG and PPW 
In Rel-16, PRS measurement was only supported in MG (measurement gap). 
In Rel-17, PPW (PRS processing window) was introduced to support PRS processing within active BWP in the condition that PRS numerology is aligned with active BWP and PRS bandwidth is within the active BWP. UE can measure PRS within the activated or configured PPW. Specifically, for each BWP, at most four PPWs can be configured by RRC signaling, and MAC CE can be used to active one for a BWP. Totally, at most four PPWs can be activated corresponding to four PFLs. Because Rel-17 UE cannot process PRS from multiple PFLs simultaneously, the multiple activated PPWs should be TDMed. As shown in the following Figure 2.5-1, single MAC CE can be used to activate two TDMed PPWs, where the UE only measure PRS in PFL1 within PPW1 and measures PRS in PFL2 within PPW2. In other words, the UE does not measure PRS in PFL2 within PPW1, and not measure PRS in PFL1 within PPW2 as well. Figure 2.5-2 illustrates the existing Rel-17 MAC CE structure. 
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Figure 2.5-1 MACCE activates TDMed PPWs In Rel-17


Figure 2.5-2 Rel-17 MACCE structure
In Rel-18, when UE is configured with bandwidth aggregated PRS via LPP assistance data, single MG can still be shared for the PRS in the aggregated PFLs since MG is configured for FR1 or FR2 or for UE. Therefore, there is no need to enhance the exiting Rel-17 specification. The open issue is whether to further support PPW as shown in the following agreement made in RAN1#112bis-e meeting.
	Agreement
From RAN1 perspective, MG-based bandwidth aggregation measurement is supported. Decide whether PPW is supported for PRS bandwidth aggregation measurement in RAN1#113 meeting.
· FFS the details for PPW if supported


Since UE only measures the PRS within the active BWP, some companies concerned the performance because of gap between the DL carriers. However, as shown in Table 5.3.3-1 in TS 38.101-1, the minimum guardband for each UE channel bandwidth is quite small as shown below. For instance, the minimum guardband between two carriers may be only 845KHz + 845KHz in the case when the bandwidths of the active BWPs are equal to the corresponding DL carriers. 
Table 5.3.3-1 in TS 38.101-1: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	SCS (kHz)
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	25
MHz
	30
MHz
	35
MHz
	40
MHz
	45
MHz
	50
MHz
	60
MHz
	70
MHz
	80
MHz
	90
MHz
	100
MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	572.5
	552.5
	712.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	925
	905
	1065
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1630
	1610
	1590
	1570
	1530
	1490
	1450
	1410
	1370



Even without any PRS transmission in the guard bands, there is still performance gain as shown in Figure 2.5-3, where the gap bandwidth is derived from the above table for 50MHz and 100MHz.  
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Figure 2.5-3 Performance comparison among single PFL, two PFL aggregation with GB, without GB 
For PPW, we think single PPW can be shared for the PRS in the aggregated PFLs to make PRS aggregation feasible and reduce MAC CE overhead. That is, PPW1 or PPW2 in Figure 2.5-1 can be shared for PRS reception in both PFL1 and PFL2. Then, UE can measure PRS in the aggregated PFLs simultaneously as shown in Figure 2.5-4. In the case of small gap between two active BWPs, the benefit in terms of location accuracy from the PRS aggregation in PPW is the same as that in MG, but the measurement latency is reduced. 
[image: ]
Figure 2.5-4 Single shared PPW for two PFLs within two active BWPs
Furthermore, the existing PPW type1A, type1B and type2 can be completely reused since UE does not receive any other low priority signals inside the band containing PRSs. 
Proposal 5: PPW is supported for PRS bandwidth aggregation measurement
· A shared PPW is used for the aggregated PFLs. 
· The legacy mechanism of PPW type1A, type1B and type2 are reused

2.6. Dropping rule
In RAN1#112bis-e meeting, the following agreement was agreed.
	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


In MG, if PRS in one of the aggregated PFLs collides with the measured SSB, UE will drop the PRS measurement at least in the colliding PFL. Since it has been agreed that UE may still do PRS measurement based on single PFL or a part of aggregated PFLs even when the aggregated PRSs are configured in the assistance data, it is natural to still let UE perform positioning measurement based on the remaining PRSs in the PFL(s) other than colliding one, i.e. support Alt.2.
For PPW, it is better to treat the aggregated PRSs as a whole, i.e. support Alt.1. In such case, the legacy priority rule for PPW type1A, type1B and type2 can be completely reused. 
In addition, for Rel-17 UE in RRC_INACTIVE mode, the following prioritization rule is defined. We think the same rule should be reused for Rel-18 UE with PRS aggregation measurement. Since UE may not be able to support simultaneous reception between data and PRS, UE should drops positioning measurement in all aggregated PFLs in the collision symbol.
	38.214 Rel-17:
The UE in RRC_INACTIVE mode is expected to prioritize the reception of any other DL signals and DL channels than the reception of DL PRS.



Proposal 6: In the case when PRS in one of aggregated PFL is dropped for LMF based positioning 
· In MG, UE still performs positioning measurement based on the remaining PRSs in other PFL(s) 
· In PPW, UE drops positioning measurement in all aggregated PFLs at least in the same symbol(s)
· The priority rule of the legacy PPW type1A, type1B and type2 is reused.
· For UE in RRC_INACTIVE mode, prioritize the reception of any other DL signals and DL channels than the reception of DL PRS 
· UE drops positioning measurement in all aggregated PFLs in the collision symbols

3. SRS BW aggregation
3.1. Common transmission properties
	Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, decide whether one or more of the following are needed for the aggregated SRS resources in RAN1#113 meeting
· The same timing advance offset or the same TAG
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same pathloss RS, Po and alpha to ensure the same Tx PSD (power per subcarrier)
· FFS the details, e.g. UE determines the transmit power for SRS transmission in a reference carrier and applies the same Tx PSD for SRS transmission in other carriers, or configure a common parameter set for the aggregated carriers
· The same antenna port from RAN1 specification perspective
· Note: this is to achieve phase continuity between carriers
· UE is expected to be configured with SRS resources that maintain a per-symbol uniformly spaced SRS pattern across aggregated bandwidths 
· Others if any


Similar as DL PRS, we think the SRS transmission in the aggregated carriers should be configured with the same periodicity, slot offset, the same number of SRS resource sets and resources within each set. 
As for how to maintains contiguous SRS pattern across aggregated bandwidths even in the presence of guard tones, we think it is up to network implementation for SRS resource allocation to ensure the uniform and contiguous PRS RE distribution. 
As for how to ensure the same Tx PSD, i.e. power per subcarrier, we think the same pathloss RS, Po and alpha is necessary. It is hard to guarantee the same Tx PSD if the pathloss is different between two carriers because it is up to UE to calculate the path loss in the air and estimate the transmission power to compensate this part of loss. To ensure the same power in the case that pathloss is different, different Po/alpha should be allocated as well. However, pathloss may be dynamically changed, but Po/alpha is semi-statically configured. Since the SRS pathloss parameters are configured per carrier, the same Po and alpha can be ensured by gNB configuration. However, for pathloss RS, the current specification does not support cross-carrier SSB configuration since there is no frequency information for SSB configuration. 
TS 38.331  
pathlossReferenceRS-Pos-r16                 CHOICE {
        ssb-IndexServing-r16                        SSB-Index,
        ssb-Ncell-r16                               SSB-InfoNcell-r16,
        dl-PRS-r16                                  DL-PRS-Info-r16
Basically, we think there are three ways to ensure the same pathloss for the aggregated SRS resource sets. 
· Solution 1: gNB configures a reference carrier, and UE determines the pathloss RS for SRS transmission in the reference carrier for all aggregated carriers
· Solution 2: UE estimates pathloss across the pathloss RSs configured for all aggregated carriers. 
· Solution 3: It is up to UE implementation to either use a reference carrier or use the aggregated carrier for pathloss calculation.
Since only open loop power control is supported, we don’t see much difference among the solutions. So we prefer solution 3 for simplicity.
Proposal 7: For SRS bandwidth aggregation between SRS in two or three carriers, the following are needed for the aggregated SRS resources 
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same Po and alpha
· UE should uses the same pathloss RS(s) by implementation to ensure the same Tx PSD
· The same antenna port from RAN1 specification perspective

3.2. Link configuration
	Agreement
For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· 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.  
· Option 3: Per SRS resource basis. 
· Support new signaling to indicate which SRS resources across carriers are linked. 
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied


To inform UE which carriers are linked for potential SRS bandwidth aggregation measurement, the existing RRC configuration should be enhanced as shown in the above agreement. To keep both specification and implementation simple, we suggest per resource set basis for the link signaling.  
Furthermore, the following agreement has been agreed in RAN1#112 meeting where single MAC CE can be used to activate SRS resource sets across the linked carriers. In our view, Option 3, i.e. per SRS resource basis link signaling is not aligned with the following agreement. Because some resources within a set may not be aggregated, there is no reason to use single MAC CE activating all SRS resources within the sets across the linked 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



Proposal 8: For SRS bandwidth aggregation across carriers, support Option 2, i.e. per resource set basis. 

3.3. Measurement report
	Agreement
For the SRS resources across aggregated carriers for UL-TDOA and Multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 SRS measurement of single carrier with the necessary update
· FFS: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers
· SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which measurement is aggregated


Similar as DL, we believe the joint RSRP and RSRPP should be supported across the aggregated SRS resources. In the case that gNB uses single IFFT operation to measure the aggregated SRS resources, the joint RSRP and RSRPP can be calculated based on the equivalently larger bandwidth SRS. That is, the aggregated SRS is jointly operated as a whole. 
Proposal 9: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers.

3.4. TEG report
	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


Similar as DL, we have the following proposal for TEG information report for UL. 
Proposal 10: Single 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.

3.5. SRS in RRC_INACTIVE mode 
In Rel-17, semi-persistent and periodic SRS for positioning are supported for UE in RRC inactive mode. The positioning SRS configured by RRCRelease signaling, and the details are shown in following according to 38.331, where SRS configuration for NUL or SUL can be within or outside the initial BWP. It is noted that the SRS is assumed within the same serving cell of the initial BWP.
SRS-PosRRC-InactiveConfig-r17 ::=       SEQUENCE {
    srs-PosConfigNUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    srs-PosConfigSUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    bwp-NUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    bwp-SUL-r17                             BWP                                                                 OPTIONAL,    -- Need S
    inactivePosSRS-TimeAlignmentTimer-r17   TimeAlignmentTimer                                                  OPTIONAL,    -- Need M
    inactivePosSRS-RSRP-changeThreshold-r17 RSRP-ChangeThreshold-r17                                            OPTIONAL     -- Need M
}
For Rel-18, SRS carrier aggregation has been supported for UEs in both RRC_CONNECTEE sate and RRC_INACTIVE state as shown in the following agreement.
	Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point


to support SRS carrier aggregation in RRC_INACTIVE state, an additional SRS configuration in a serving cell other than the one of initial BWP should be introduced and informed by RRCRelease signaling. Because intra-band contiguous carrier aggregation is only supported among NUL carriers, the newly introduced SRS configuration only for NUL is sufficient. One example for new RRC IE is shown as follows. 
SRS-PosRRC-InactiveConfig-r18 ::=       {
AdditionalServingcell_PosSRS-r18_list  SEQUENCE (SIZE (1..2)) OF AdditionalServingcell_PosSRS-r18
}

AdditionalServingcell_PosSRS-r18 ::=       SEQUENCE {
    srs-PosConfigNUL-r17                    SRS-PosConfig-r17                                                   OPTIONAL,    -- Need R
    bwp-NUL-r17            BWP                                                                 OPTIONAL,    -- Need S
absoluteFrequencyPointA             ARFCN-ValueNR                                           OPTIONAL,   -- Cond FDD-OrSUL
    p-Max                               P-Max                                                   OPTIONAL,   -- Need S
frequencyShift7p5khz                ENUMERATED {true}                                       OPTIONAL,   -- Cond FDD-TDD-OrSUL-Optional
}
Proposal 11: To support two or three carrier aggregation of positioning SRS transmission for UE in RRC inactive mode, introduce one or two NUL carriers with respective SRS configuration, where the newly introduced carrier(s) and the carrier of the initial BWP are intra-band NUL contiguous carriers.
Furthermore, we think the prioritization rule defined in Rel-17 can be reused in principle. That is, SRS is lower prioritized than other DL or UL signals for UEs in RRC_INACTIVE state in the case when collision happens in time domain for the case when SRS is outside the initial BWP.
	38.214:
[bookmark: OLE_LINK2]If the transmission of SRS for positioning outside the initial BWP in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter switchingTimeSRS-TX-OtherTX, in unpaired spectrum, subject to UE capability, collides in time domain with other DL signals or channels or UL signals or channels, the SRS for positioning transmission is dropped in the symbol(s) where the collision occurs. If the transmission of SRS for positioning outside the initial BWP in RRC_INACTIVE mode along with the switching time, indicated in higher layer parameter switchingTimeSRS-TX-OtherTX, in paired spectrum or SUL band, subject to UE capability, collides in time domain with UL signals or channels on the same carrier, the SRS for positioning transmission is dropped in the symbol(s) where the collision occurs. The SRS resource for positioning outside the initial BWP in RRC_INACTIVE mode is configured in the same band and CC as the initial UL BWP.


For Rel-18 SRS aggregation transmission, we think the switching time of Rel-17 can be reused for the switching between SRS aggregation transmission and other signals in the initial BWP. As shown in the following figure, SRS symbol(s) in both CC1 and CC2 inside the switching time should be dropped as the same as Rel-17 UE behavior. 
[image: ]
Figure 3.5-1 Switching between SRS aggregation transmission and other signals
Proposal 12: For SRS aggregation transmission in RRC_INACTIVE mode, 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. 
· The Rel-17 switching time is reused between the aggregated SRS transmission and other signals in the initial BWP
3.6. Semi-persistent SRS
The following agreement has been agreed in RAN1#112 meeting. 
	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


For UEs in RRC connected mode, SRS is configured per BWP based on the existing Rel-15/16/17 specifications. In Rel-18, for UE supporting SRS BW aggregation, gNB can configure the association between the linked carriers for SRS for positioning by RRC signaling. This is very like the feature of per CC group update TCI state or spatial relation which was introduced in Rel-16 MIMO as in the following box.
	[bookmark: _Toc52796594][bookmark: _Toc52752132][bookmark: _Toc115558041][bookmark: _Toc46490437]38.321 
6.1.3.29	Serving Cell Set based SRS Spatial Relation Indication MAC CE
The Serving Cell Set based SRS Spatial Relation indication MAC CE is identified by a MAC subheader with eLCID as specified in Table 6.2.1-1b. It has a variable size and consists of the following fields:
-	SRS Resource's Cell ID: This field indicates the identity of the Serving Cell, which contains the indicated SP/AP SRS Resource. If the C field is set to 0, this field also indicates the identity of the Serving Cell which contains all resources indicated by the Resource IDi fields. The length of the field is 5 bits. The indicated Serving Cell is configured as part of a simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2 as specified in TS 38.331 [5], and this MAC CE applies to all the Serving Cells configured in the set simultaneousSpatial-UpdatedList1 or simultaneousSpatial-UpdatedList2, respectively;



For periodic SRS for positioning, the linkage between carriers configured by RRC is sufficient as shown in section 3.2, i.e. either per SRS resource set or resource basis linkage. After RRC configuration, SRS resources in different linked carriers are transmitted periodically in the same symbols. Then, TRPs can do SRS measurement and report based on the aggregated SRS transmission. 
For semi-persistent SRS, MAC CE is used to activate/deactivate a positioning SRS resource set in a carrier in Rel-16/17 as shown in the following figure, where spatial relation can be also updated for each SRS resource in the resource set. The serving cell ID, i.e. carrier ID and the SRS resource set ID is carried in the first and second octets respectively. For Rel-18 SRS aggregation, based on the above agreement, the aggregated SRS resource sets can be triggered by a single MAC CE. Specifically, if a SRS resource set is triggered by a MAC CE, one or more linked SRS resource sets will be automatically triggered as well.
[image: ]
Figure 3.6-1: Rel-16/17 SP Positioning SRS Activation/Deactivation MAC CE
However, it should be discussed the following two options
· [bookmark: OLE_LINK3]Option 1: When a SRS resource set is activated/deactivated, all linked SRS resources sets are always automatically activated/deactivated as well. 
· Option 2: When a SRS resource set is activated/deactivated, support either that all linked SRS resources sets are automatically activated/deactivated (Rel-18 aggregation) or only the SRS resource set is activated/deactivated alone (Rel-16/17 behavior).  
[image: ]
Figure 3.6-2: Rel-18 SP Positioning SRS Activation/Deactivation MAC CE for SRS BW aggregation
Option 1 does not need MAC CE enhancement but has less flexibility. In the case that the traffic load, the number of camped UEs, or the slot formats are different between linked carriers, it may not be easy to always guarantee simultaneous SRS resource transmission in the multiple linked carriers. For example, compared with carrier i, more UEs with more urgent UL traffic are camping in the carrier j, and then UL resource may be limited in carrier j. So gNB may only activate SRS transmission in carrier i rather than in both linked carriers for a UE without urgent UL traffic. 
Compared with Option 1, Option 2 provides more dynamic selection since MAC CE can be used to further determine how many carriers for positioning SRS transmission should be activated. Straightforwardly, a new MAC CE and a legacy MAC CE can be used to support Option 1 and Option 2 respectively. The details can be up to RAN2.
Proposal 13: For semi-persistent positioning SRS for bandwidth aggregation, support either that all linked SRS resources sets are activated/deactivated by a MAC CE (Rel-18 aggregation) or only a SRS resource set is activated/deactivated alone (Rel-16/17 behavior). 
· Note: It has been agreed to support single MAC CE activating positioning SRS resource sets across the linked carriers


3.7. Aperiodic SRS
In RAN1#112bis-e meeting, aperiodic positioning SRSfor bandwidth aggregation has been agreed. The details should be further discussed.
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details


Basically, there are two options to trigger the aggregated SRS resource sets. 
· Option 1: Independent DCIs are used to trigger the SRS resource sets across aggregated carriers. 
· There is no need for the extra specification effort, it is up to gNB implementation to ensure simultaneous aggregated SRS transmission. 
· Option 2: Single DCI is used to trigger the SRS resource sets which may be for aggregation.
· Compared with Option 1, DCI overhead is reduced. The mechanism can reuse the achievement in the discussion on multi-cell PUSCH/PDSCH scheduling with a single DCI in agenda 9.9 of RAN1#111 meeting. In that agenda, it has already concluded that a single DCI can trigger SRS resource sets in multiple cells. The relevant agreements are listed below:
	Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.1.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.1.2

	BWP indicator
	Type 1A
	Details in Section 7.1.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.1.4

	VRB-to-PRB mapping
	Type 1A
	Details in Section 7.1.5

	PRB bundling size indicator
	Type 1A
	Details in Section 7.1.6

	Rate matching indicator
	Type 1B (up to 4 bits)
	Details in Section 7.1.7

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	Details in Section 7.1.8

	Antenna port(s)
	Configurable between Type 1A and Type 2
	Details in Section 7.1.9

	TCI
	Type 1B (up to 4 bits)
	Details in Section 7.1.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.1.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.1.12

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.1.13


 
Agreement
· The types for below fields in DCI format 0_X are listed:
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.2.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.2.2

	BWP indicator
	Type 1A
	Details in Section 7.2.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.2.4

	Frequency hopping flag
	Type 1A
	Details in Section 7.2.5

	TPC command for scheduled PUSCH
	Type 2
	Details in Section 7.2.6

	Open-loop power control parameter set indication
	Type 1A
	Details in Section 7.2.7

	Antenna port(s)
	Configurable between Type 1A and Type-2
	Details in Section 7.2.8

	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	Details in Section 7.2.9

	PTRS-DMRS association
	Type 2
	Details in Section 7.2.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.2.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.2.12

	SRS resource indicator
	Configurable between Type 1A and Type-2
	Details in Section 7.2.13

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.2.14

	UL/SUL indicator
	FFS

	Details in Section 7.2.15



Where type 1B refers to the following:
· Type 1B
· Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 0_X
· FFS: maximum number of rows
· Indicated bit is interpreted as pointing one row in the configured table



For Option 2, as shown in the above agreements made in multi-cell PDSCH/PUSCH with a single DCI agenda, positioning SRS in two or three intra-band contiguous carriers can be triggered by the SRS request field in a single DCI 0_X or 1_X. 
Since it has been agreed that positioning SRS bandwidth aggregation in RRC_CONNECTED state is decoupled from the UE support of communication CA, there may be some issues to be checked if the mechanism of multi-cell PDSCH/PUSCH with a single DCI is used.  
Proposal 14: To trigger aperiodic positioning SRS transmission for bandwidth aggregation
· Independent DCIs can be used to trigger the SRS resource sets across aggregated carriers. No extra spec impact.
· The mechanism of multi-cell PDSCH/PUSCH scheduling with a single DCI is used. FFS whether additional enhancement effort is needed.
3.8. Relationship with communication CA
In RAN1#112bis-e meeting, the following agreement was made. 
	Agreement
At least from UE capability perspective, the UE support of positioning SRS bandwidth aggregation in RRC_CONNECTED state is decoupled from the UE support of communication CA.


For UE capability, we think the details can be up to RAN2 and RAN4. For instance, it may be easy to introduce a new BandCombinationList-PosCA-r18, where only one band for intra-band contiguous CA is included in each BandCombination. 
For RRC configuration, we think the existing RRC structure can be reused. The details can also be up to RAN2.
Proposal 15: For positioning SRS bandwidth aggregation in RRC_CONNECTED state which can be decoupled from communication CA
· The details of UE capability design are up to RAN2 and RAN4
· The details of RRC configuration are up to RAN2 
 
3.9. Dropping rule
In RAN1#112bis-e meeting, the following agreement was agreed.
	Agreement
For positioning SRS aggregation across CCs, if SRS in one of aggregated carriers is dropped in a symbol, select one of the following two options:
· Alt. 1: Stop SRS transmission in all aggregated carriers in the same symbol
· Alt. 2: SRS is still transmitted in other carriers in the same symbol
· FFS: The UE may not be expected to maintain phase continuity across the remaining carriers
· FFS the applicable scenario, e.g. the positioning SRS collides with another higher priority SRS or others


In current 38.214 for UE in RRC connected state, there are some rules defined for the collision or simultaneous transmission between SRS and SRS/PUCCH/PUSCH/PRACH/MsgA. The corresponding texts are abstracted in the below box.
	TS 38.214:
If a PUSCH transmission with a priority index 1 or a PUCCH transmission with a priority index 1 would overlap in time with an SRS transmission on a serving cell, the UE does not transmit the SRS in the overlapping symbol(s).
...
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource on different CCs, subject to UE's capability
For intra-band and inter-band CA operations, a UE can simultaneously transmit more than one SRS resource configured by SRS-PosResource and SRS-Resource on different CCs, subject to UE's capability.
[bookmark: _Hlk498636457][bookmark: _Hlk498636712]...
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent or periodic SRS is configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s), or only L1-SINR report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK, link recovery request (as defined in clause 9.2.4 of [6, 38.213]) and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only, or only L1-SINR report(s). 
In case of intra-band contiguous carrier aggregation, or in inter-band or intra-band non-contiguous CA band combination if simultaneous SRS and PUCCH/PUSCH transmissions are not supported by UE, the UE is not expected to be indicated with a SRS transmission from a carrier and to be configured or scheduled with a PUSCH/UL DM-RS/UL PT-RS/PUCCH transmission from a different carrier in the same symbol.
In case of intra-band contiguous carrier aggregation, or in inter-band CA band combination if simultaneous SRS and PRACH transmissions are not supported by UE, or in case of intra-band non-contiguous CA band combination if the UE is not configured with higher layer parameter intraBandNC-PRACH-simulTx-r17, the UE shall not transmit simultaneously SRS resource(s) from a carrier and PRACH from a different carrier. 
In case of intra-band contiguous carrier aggregation, or in inter-band CA band combination if simultaneous SRS and MsgA transmissions are not supported by UE, the UE shall not transmit simultaneously SRS resource(s) from a carrier and MsgA from a different carrier.
[bookmark: _Hlk523498144]In case a SRS resource with resourceType set as 'aperiodic' is triggered on the OFDM symbol(s) configured with periodic/semi-persistent SRS transmission, the UE shall transmit the aperiodic SRS resource and only the periodic/semi-persistent SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic/semi-persistent SRS symbol(s) that are not overlapped with the aperiodic SRS resource are transmitted. In case a SRS resource with resourceType set as 'semi-persistent' is triggered on the OFDM symbol(s) configured with periodic SRS transmission, the UE shall transmit the semi-persistent SRS resource and only the periodic SRS symbol(s) overlapping within the symbol(s) are dropped, while the periodic SRS symbol(s) that are not overlapped with the semi-persistent SRS resource are transmitted. 
...
For operation on the same carrier, if an SRS configured by the higher parameter SRS-PosResource collides with a scheduled PUSCH, the SRS is dropped in the symbols where the collision occurs. 


In summary, we think the current rules can be grouped into two rules:
· Rule 1: SRS may be dropped because of collision with other signals including PUCCH/PUSCH/PRACH/MsgA. In the case of intra-band contiguous CA, UE does not support simultaneous transmission between SRS and those other UL signals.
· In our view, for Rel-18 for positioning SRS bandwidth aggregation, SRS in all aggregated carriers in colliding symbol(s) should be dropped because UE does not support simultaneous transmission between SRS in the non-colliding carrier(s) and those other UL signals.  
· Rule 2: A lower priority SRS may be dropped because of collision with an higher priority SRS, e.g. an periodic SRS is dropped because of collision with an aperiodic SRS.
· In our view, for Rel-18 for positioning SRS bandwidth aggregation, in the case when UE supports Rel-16 UE capability of SRS simultaneous transmission on different carriers, UE can still transmit the SRS in the non-collision carriers since single carrier SRS measurement may be still satisfy the location requirement. 
In summary, we have the following proposal:
Proposal 16: For positioning SRS aggregation across CCs for UE in RRC_CONNECTED state, if SRS in one of aggregated carriers is dropped in a symbol because of collision with other UL signal
· Also stop the SRS transmission in other aggregated carrier(s) in the same symbol if the UE doesn’t support simultaneous transmission between the SRS and the other UL signal. Otherwise, the SRS is still transmitted in other carrier(s) in the same symbol.

4. UE capability
In Rel-16 for PRS processing capability in MG, the FG 13-1 is defined as shown below 
	13-1
	Common DL PRS Processing Capability
	1.	Maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	FR1 bands: {5, 10, 20, 40, 50, 80, 100}
b)	FR2 bands: {50, 100, 200, 400}

2.	DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

3.	Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	T: {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

4.	Max number of DL PRS resources that UE can process in a slot under it
a)	FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b)	FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz

Note: The above parameters are reported assuming a configured measurement gap and a maximum ratio of measurement gap length (MGL) / measurement gap repetition period (MGRP) of no more than 30%.




In Rel-18, for PRS bandwidth aggregation, we think a new UE FG should be introduced for PRS processing in MG. That is because UE is able to process 2 or 3 PFLs simultaneously, so larger PRS bandwidth processing is needed and more complexity is caused. Therefore, UE may not be able to process PRS as much as Rel-16/17 which is only for single PFL. 
Proposal 17: Introduce a new FG 41-4-1 for DL PRS processing capability for PRS bandwidth aggregation measurement in MG
· Report the maximum number of aggregated PFLs F. 
· The maximum aggregated bandwidth can be derived from F and the maximum bandwidth reported by legacy FG 13-1. 
· Report the PRS processing time {NAgg, TAgg} for aggregation. 
· Compared with {N, T} for single PFL, more UE processing time is needed for aggregation measurement. Hence, NAgg ≤ N or TAgg≥ T.
· Report the maximum number of DL PRS resources MAgg that UE can process in a slot for PFL aggregation
· Compared with single PFL measurement, more UE memory/complexity is needed, so less resources may be processed. Hence, MAgg ≤ M, where M is maximum number PRS resources for single PFL measurement reported by FG 13-1

The suggested table is shown in below:
	Index
	Feature group
	Components
	Prerequisite feature groups

	41-4-1
	DL PRS processing capability for PRS bandwidth aggregation measurement in MG
	1. Maximum number F of PFLs for aggregation, which is supported and reported by UE.
F: {2, 3}, where F < the value reported by FG13-1a 
   
  Note1: the maximum bandwidth for aggregation is F×B where B is the bandwidth for single PFL reported by FG 13-1;    

2. Duration of DL PRS symbols NAgg in units of ms a UE can process every TAgg ms assuming maximum DL PRS bandwidth after F PFLs aggregation in MHz, which is supported and reported by UE.
a) TAgg : {1, 2, 4, 8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
b) NAgg : {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

Note2: NAgg ≤ N or TAgg≥ T, where {N, T} is reported by FG 13-1

3. Max number of DL PRS resources MAgg that UE can process in a slot under it for PFL aggregation measurement
a)	FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b)	FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz
   
Note3: MAgg ≤ M, where M is maximum number PRS resources for single PFL measurement reported by FG 13-1
	13-1, 13-1a, 13-3, 13-4



5. Higher layer signaling
Based on the agreement so far, we think the following higher layer signals should be newly introduced for PRS and SRS bandwidth aggregation.
· Link indication for PRS aggregation in assistance data in 37.355
· This will be further decided either per PRS resource set or resource basis
· PRS aggregation measurement request in 37.355
· This signaling is in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· PRS aggregation measurement indicator in 37.355
· This signaling is to indicate whether/which measurement is aggregated in a measurement report element
· Link indication for SRS aggregation in SRS configuration for RRC_CONNECTED UE in 38.331
· This will be further decided either per SRS resource set or resource basis
· SRS configurations in one or two additional carriers for RRC inactive state for SRS aggregation in 38.331
The corresponding parameters in table format can be found in Appendix. 

Proposal 18: The following higher layer signals should be newly introduced for PRS and SRS bandwidth aggregation.
· Link indication for PRS aggregation in assistance data in 37.355
· PRS aggregation measurement request in 37.355
· PRS aggregation measurement indicator in 37.355
· Link indication for SRS aggregation in SRS configuration for RRC_CONNECTED UE in 38.331
· SRS configurations in one or two additional carriers for RRC inactive state for SRS aggregation in 38.331

6. Conclusion
In this contribution, we provide our views on positioning across multiple frequency layers (carriers) techniques as the following.
Proposal 1: For PRS bandwidth aggregation between PRS in two or three different PFLs, the followings are needed for the aggregated PRS resources from a TRP:
· The same antenna port from RAN1 perspective
· The same periodicity and slot offset
· The same muting pattern
· The same number of PRS resource sets and resources per set for a TRP 
· The same NR-DL-PRS-SFN0-Offset value

Proposal 2: For PRS bandwidth aggregation across PFLs, support Option 2, i.e. per PRS resource set basis.

Proposal 3: For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods,
· In a measurement report element, single RSRP or single RSRPP is reported 
· With regard to whether RSTD reference is aggregated or not, it depends on whether the corresponding PRS measurement of the RSTD reference is aggregated or not

Proposal 4: 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.


Proposal 5: PPW is supported for PRS bandwidth aggregation measurement
· A shared PPW is used for the aggregated PFLs. 
· The legacy mechanism of PPW type1A, type1B and type2 are reused

Proposal 6: In the case when PRS in one of aggregated PFL is dropped for LMF based positioning 
· In MG, UE still performs positioning measurement based on the remaining PRSs in other PFL(s) 
· In PPW, UE drops positioning measurement in all aggregated PFLs at least in the same symbol(s)
· The priority rule of the legacy PPW type1A, type1B and type2 is reused.
· For UE in RRC_INACTIVE mode, prioritize the reception of any other DL signals and DL channels than the reception of DL PRS 
· UE drops positioning measurement in all aggregated PFLs in the collision symbols

Proposal 7: For SRS bandwidth aggregation between SRS in two or three carriers, the following are needed for the aggregated SRS resources 
· The same periodicityAndOffset, and slotOffset
· The same number of SRS resource sets and/or the same number of SRS resources per set
· The configuration of same Po and alpha
· UE should uses the same pathloss RS(s) by implementation to ensure the same Tx PSD
· The same antenna port from RAN1 specification perspective

Proposal 8: For SRS bandwidth aggregation across carriers, support Option 2, i.e. per resource set basis. 

Proposal 9: Single RSRP or RSRPP is reported for the SRS resources across aggregated carriers.

Proposal 10: Single 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.

Proposal 11: To support two or three carrier aggregation of positioning SRS transmission for UE in RRC inactive mode, introduce one or two NUL carriers with respective SRS configuration, where the newly introduced carrier(s) and the carrier of the initial BWP are intra-band NUL contiguous carriers.

Proposal 12: For SRS aggregation transmission in RRC_INACTIVE mode, 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. 
· The Rel-17 switching time is reused between the aggregated SRS transmission and other signals in the initial BWP

Proposal 13: For semi-persistent positioning SRS for bandwidth aggregation, support either that all linked SRS resources sets are activated/deactivated by a MAC CE (Rel-18 aggregation) or only a SRS resource set is activated/deactivated alone (Rel-16/17 behavior). 
· Note: It has been agreed to support single MAC CE activating positioning SRS resource sets across the linked carriers

Proposal 14: To trigger aperiodic positioning SRS transmission for bandwidth aggregation
· Independent DCIs can be used to trigger the SRS resource sets across aggregated carriers. No extra spec impact.
· The mechanism of multi-cell PDSCH/PUSCH scheduling with a single DCI is used. FFS whether additional enhancement effort is needed.

Proposal 15: For positioning SRS bandwidth aggregation in RRC_CONNECTED state which can be decoupled from communication CA
· The details of UE capability design are up to RAN2 and RAN4
· The details of RRC configuration are up to RAN2 

Proposal 16: For positioning SRS aggregation across CCs for UE in RRC_CONNECTED state, if SRS in one of aggregated carriers is dropped in a symbol because of collision with other UL signal
· Also stop the SRS transmission in other aggregated carrier(s) in the same symbol if the UE doesn’t support simultaneous transmission between the SRS and the other UL signal. Otherwise, the SRS is still transmitted in other carrier(s) in the same symbol.

Proposal 17: Introduce a new FG 41-4-1 for DL PRS processing capability for PRS bandwidth aggregation measurement in MG
· Report the maximum number of aggregated PFLs F. 
· The maximum aggregated bandwidth can be derived from F and the maximum bandwidth reported by legacy FG 13-1. 
· Report the PRS processing time {NAgg, TAgg} for aggregation. 
· [bookmark: _GoBack]Compared with {N, T} for single PFL, more UE processing time is needed for aggregation measurement. Hence, NAgg ≤ N or TAgg≥ T.
· Report the maximum number of DL PRS resources MAgg that UE can process in a slot for PFL aggregation
· Compared with single PFL measurement, more UE memory/complexity is needed, so less resources may be processed. Hence, MAgg ≤ M, where M is maximum number PRS resources for single PFL measurement reported by FG 13-1

Proposal 18: The following higher layer signals should be newly introduced for PRS and SRS bandwidth aggregation.
· Link indication for PRS aggregation in assistance data in 37.355
· PRS aggregation measurement request in 37.355
· PRS aggregation measurement indicator in 37.355
· Link indication for SRS aggregation in SRS configuration for RRC_CONNECTED UE in 38.331
· SRS configurations in one or two additional carriers for RRC inactive state for SRS aggregation in 38.331
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7. Appendix 

	Sub-feature group
	RAN1 specification
	Section
	RAN2 Parent IE
	RAN2 ASN.1 name
	Parameter name in the spec
	New or existing?
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)
	UE-specific or Cell-specific
	Specification
	Comment
	Status

	Linkage indication for PRS aggregation across PFLs
	 
	 
	NR-DL-PRS-AssistanceData
	PRS-Aggregation-link
	PRS-Aggregation-link
	new
	 
	Agreement
For PRS bandwidth aggregation across PFLs, select one of the following options in RAN1#113
· 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.
· Option 3: Per TRP basis and per PRS resource basis. 
· For each TRP, support new signaling to indicate which PRS resource(s) across PFLs are linked.
· For the non-linked PRS resources, no aggregation is assumed even if the conditions are satisfied.

	
	 
	 
	 
	 37.355
	 
	 

	PRS aggregation measurement request
	
	
	NR-DL-TDOA-RequestLocationInformation-
	PRS-Aggregation-Meas-req
	PRS-Aggregation-Meas-req
	new
	
	Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not

	
	
	
	
	37.355
	 
	 

	PRS aggregation measurement indicator
	
	
	NR-DL-TDOA-MeasElement
	PRS-Aggregation-Meas-indicator
	PRS-Aggregation-Meas-indicator
	new
	
	Agreement
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not

	
	
	
	
	37.355
	 
	 

	Linkage indication for SRS aggregation across carriers
	
	
	SRS-Config
	SRS-Aggregation-link
	SRS-Aggregation-link
	new
	
	Agreement
[bookmark: OLE_LINK4]For SRS bandwidth aggregation across two or three carriers, select one of the following options in RAN1#113 meeting
· 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.
· Option 3: Per SRS resource basis.
· Support new signaling to indicate which SRS resources across carriers are linked.
· For the non-linked SRS resources, no aggregation is assumed even if the conditions are satisfied

	
	
	
	
	38.331
	 
	 

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SRS configurations in one or two additional carriers for RRC inactive state for SRS aggregation
	
	
	SRS-PosRRC-InactiveConfig
	SRS-config-aggregation
	SRS-config-aggregation
	new
	
	Agreement
Positioning SRS bandwidth aggregation is supported for UEs in RRC_CONNECTED.
Positioning SRS bandwidth aggregation is supported for UEs in RRC_INACTIVE state.
· For the details, Rel-17 positioning SRS configuration for UE in RRC_INACTIVE state outside initial UL BWP can be the starting point

	
	
	
	
	38.331
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