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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]This contribution describes our views for remaining details for RS Bandwidth aggregation.
	· 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].


2. [bookmark: _Ref111058652]Discussion
2.1. PRS aggregation
	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
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




The sufficient conditions to receive aggregated PRS would be to behave as if one RS is received in the extended frequency resource. If a PRS resource in PFLs does not satisfy the necessary condition, then the UE can regard it as a legacy PRS resource and does not perform the wideband processing. Equivalently, PRS resources are in some conditions can be aggregated.
As there are many PRS resources, it is natural to confine to use the same Tx TEG for all relevant PFLs and the same Rx TEG for all relevant PFLs. In our view, with the same ARP it is not likely to have different panels in distinct PFLs. The term TEG have been used in one PFL, thus the same TEG requirement across PFLs are attempting to extend the concept and it is quite natural. In our view, the same TEG can describe the same TRP/ARP/RF chain, and the detailed way of describing in the specification may well leave to the relevant editors.
For the same qcl, or TCI state, we note that the same time/freq sync have been within a PFL. Also, the legacy specification tells the TCI state is provided in the same BWP, including inter-cell measurements. For the aggregated PRS, the common DL RS should be available to different PFLs. Suppose that an SSB in PFL 0 can provide the qcl of type C/D for PRS resources in PFL 1 and PFL 2. The signalling is simple but the SSB occupies relatively narrow band to provides more than one PFLs. To allow this indication, the qcl-info for each PRS resource should have additional frequency information such as RF channel number or serving cell index etc.
[bookmark: _Ref131675966]Proposal 1: To obtain the initial time/freq/spatial sync from a DL RS in a PFL, introduce additional frequency information.

The periodicity and slot offset can be an issue if the PRS resources in different PFL consist of a aggregated PRS. If a aggregated PRS resource is introduced or a measurement report can collect some PRS resource in each PFL. 
The specifications impact would be less if the wideband RS is configured as modifying/extending measurement configuration. In this sense, each PRS resource in distinct PFL may not have the same time resource. If the UE can receive in some time resource PRS resources in PFLs, then the UE can measure this wideband RS, otherwise the UE can measure the narrowband RS for other metric. In other words, some parameters may not be aligned.
This issue is closely related to muting patterns or NR-DL-PRS-SFN0-Offset per PFLs. It is essential to the aggregated PRS to be received in certain symbols, however it does not seem to be a necessary condition to have aligned parameters for all PFLs.
[bookmark: _Ref131675970]Proposal 2: UE measures the wideband RS only when it is feasible.

Regarding the contiguous PRS pattern, the PRS has to map only on each PFL except guard PRB, and the RE offset may or may not be a problem. According to the current specification, the PRS symbol has a transmission comb that is divisible to 12. In our understanding, if the same comb offset is kept same for all PFLs, then the contiguous PRS pattern can be maintained.
For measurement report, we prefer to include a list of aggregating PRS resources, and this leads to different assumption about the transmission power for PRS resource in each PFL. Each PRS resource may have own transmission power, and if a aggregated PRS aggregates those resources, then the transmission power may not be the indicated value. This can be a problem if a UE measures power-related metric. In this perspective, we prefer not to allow RSRP or RSRPP by using the aggregated PRS.
[bookmark: _Ref131675973]Proposal 3: Strive to minimize the impact to PRS configuration, and enhance the report configuration.

2.2. SRS aggregation
	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
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.




Similar arguments to the PRS can be discussed for SRS for positioning. The aggregated SRS can be transmission in the extended frequency resource if certain conditions are applicable. 
If we consider wideband SRS spanning multiple serving cells, then some serving cells may or may not be activated. In our understanding, all relevant serving cells are activated or deactivated for wideband SRS transmissions, which we would propose for clarification.
[bookmark: _Ref131766485]Proposal 4: All serving cells for SRS transmissions may activated or deactivated.

As we mentioned above, it is natural to restrict the same Tx TEG for all BWPs and the same Rx TEG for all BWPs. Since the same antenna port should be used, it is not likely to have different panels in each BWP and it is natural that the TEG can be used for wider frequency resources. In our view, the same TEG can describe the same antenna port, and the detailed way of describing in the specification may well leave to the relevant editors.

In order to indicate an aggregated SRS spanning for a few BWPs, some parameters should have the same value. For instance, period and slot offset, slotOffset are captured for further discussions. In our view as in the previous section, the way of configuring an aggregated SRS may have two approaches. The first approach is to introduce a new SRS resource that are mapped on multiple BWPs. This has to amend the current specification a lot because an SRS-config in dependent on UL BWP configuration. The other approach is to also change the current specification in the measurement at the gNB but SRS-config may need little changes. If each SRS resource in each BWP are aggregated, then some parameters such as periodicity and slot offset, start symbol, etc, may not be fully aligned. 
We would prefer to keep the current framework for SRS to configure an aggregated SRS resource if possible. The aggregated SRS resource can be transmitted when all narrowband SRS are transmitted, and the UE is configured to apply the same spatial relation and the transmission timing for all narrowband SRS.
Though consecutive carriers are in the same TAG, the downlink reception timing can be slightly different and the timing advance may be adjusted per BWP. In this understanding, some SRS resource should refer to the reference timing at the other BWP. We can provide implicit linkage between the spatial relation and the transmission timing. The SRS resource would derive the qcl of all/some types from other RS in the other BWP, and in addition the same RS can provide the downlink reception timing.

Regarding the transmission power, the current specification should be modified because the power control process is performed per BWP. The UE should determine the total power for the aggregated SRS and the EPRE is derived and applied. This issue is captured in the previous meeting as FFS, and in our view, additional parameter set of power control should be introduced. 
If the aggregated SRS is separately configured, then the power control parameter set would be configured just as the current specification works. If the aggregated SRS is an aggregation of narrowband SRS, then there are some alternatives to derive an EPRE.
In one way, each SRS resource set in BWP has own Po and alpha, but they have the same value. The PL RS can be the same provided that the specification may allow. In this case, PL-RS can be configured with serving cell index. In the other way, aggregated SRS resource has a common Po, alpha, and PL RS. In this case, the aggregated SRS may follow the legacy specification as if it is within a BWP. 
The PL RS can be the separately configured per BWP but we think just one PL RS in any BWP can work. For example, the BWP that provides spatial relation and/or transmission timing would provide the PL RS as well.
In any way, the total transmission power can be determined, and the EPRE can be derived. The former way can derive the power at each BWP by adjusting the occupied bandwidth (i.e., ) and then derive EPRE, while the latter way can derive EPRE directly.
[bookmark: _Ref131675980]Proposal 5: The Po/alpha of SRS resource in each BWP should be configured to have same value or to be in a common parameter set.
[bookmark: _Ref131675983]Proposal 6: At least a common PL RS should be configured for all relevant SRS resources.

The issue of transmission comb of narrowband SRS is addressed as an FFS, and there are a few alternatives to main contiguous pattern across BWPs with guard subcarriers. In our view, the simplest alternative is to configure transmission comb of 2 or 4 only. Those values can be divided by 12, and each BWP may map the appropriate sequence for each SRS resource.
If comb of 8 is used, then 2 PRBs can be considered to align RE mapping with the comb. Some BWP may start with unaligned PRB, and additional offset should be applied, which appears to bother inter-user multiplexing in the BWP. Thus, we prefer only some combs can be allowed in the configuration. 
[bookmark: _Ref131675986]Proposal 7: Some RE-offset (e.g., 8) of SRS may not be used for aggregated transmission.

3. Conclusion
We address our brief view about PRS/SRS aggregations in below 
 Proposal 1: To obtain the initial time/freq/spatial sync from a DL RS in a PFL, introduce additional frequency information.
Proposal 2: UE measures the wideband RS only when it is feasible.
Proposal 3: Strive to minimize the impact to PRS configuration, and enhance the report configuration.
Proposal 4: All serving cells for SRS transmissions may activated or deactivated.
Proposal 5: The Po/alpha of SRS resource in each BWP should be configured to have same value or to be in a common parameter set.
Proposal 6: At least a common PL RS should be configured for all relevant SRS resources.
Proposal 7: Some RE-offset (e.g., 8) of SRS may not be used for aggregated transmission.
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