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1 Introduction
In RAN#98e [1], the following objectives were agreed for normative work during the NR Rel-18 work phase: 

	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



In this paper, we provide our initial views on the PRS and SRS BW aggregation topic. 
2 Background
3 PRS Bandwidth Aggregation
3.1 Aggregated PFL common Transmission properties
In addition to the single RF chain assumption that is clearly described in the objective, during the Rel-18 SI, RAN4 made the following conclusions and assumptions with regards to this feature: 
· PRS/SRS bandwidth aggregation for intra-band contiguous carriers is concluded as feasible for single chain Tx/Rx architectures at both the UE and gNB.
· From the RRM perspective, the following are assumed for PRS bandwidth aggregation:
· A common numerology is required across all intra-band contiguous PFLs to be aggregated. 
· PRS resources to be aggregated from different PFLs can have different bandwidths (i.e., different number of PRS RBs).
· PRS resources to be aggregated from different PFLs are transmitted in the same slot and in the same symbols.
· PRS resources to be aggregated from different PFLs are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP).

We believe that the above constraints that were added from RRM perspective, are very reasonable objectives to be also agreed in RAN1 since they also correspond to the most likely deployment options. For example, inside the same band, in contiguous CC, it is very natural to assume that eh same numerology is being used, that the aggregated resources are transmitted from exactly the same TRP and the same antenna (as the WID says: “the same antenna”), and that such tranmsissions are happening at the same time. The latter is the most natural way of deploying such a feature because phase and power continuity needs to be guaranteed at both the transmitter and the receiver, and the easiest and most robust way to do that is to ensure that the 2 PRS are transmitted at the same time. 

Based on the above, we make the following proposal: 

Proposal 1: For PRS bandwidth aggregation, specify signaling and procedures for the following scenarios:
· PRS resources of aggregated PFLs are transmitted in the same slot, in same symbols, by the same TRP associated with the same ARP, and using the same numerology.
· Aggregated PFLs can have same or different Bandwidths

In addition to the above assumptions in RAN4, the following was also captured in the TR:
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.

Furthermore, in Rel-18, within the LPHAP objectives, the following has been added:
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].

Based on the above, we believe that PRS aggregation could also be applicable to RRC_IDLE: A UE, while in RRC_IDLE can perform PRS measurements over aggregated PFLs, and report the measurements in RRC_CONNECTED state.

Proposal 2: Specify PRS aggregation assuming a UE may be in RRC_CONNECTED, RRC_INACTIVE, RRC_IDLE state while performing the measurements. 
3.2 Guard band between the contiguous CCs
It is known that there can be a small guard band between two contiguous CCs in intra-band CA (e.g. 0-10 MHz MHz). From the receive standpoint, one can treat this frequency domain gap between the aggregated PRS, as punctured tones in the IFFT operation, which might result in some performance degradation (depending on the receiver algorithm used), since it results to elevated levels of the sidelobes around the main peak during the time domain processing of the aggregated frequency domain channel response.   

From the receiver standpoint, even if such frequency-domain gap exists, it will be useful to ensure that this gap does not result into sub-tone offset between the rasters of the different PFLs; that is, for a numerology of, e.g., 30 KHz, the 2 PFLs should be on the same X KHz raster as shown in the figure below:

[image: ]

Furthermore, from the receiver complexitly standpoint, it will be more suitable the aggregated PFLs to have the same comb-type and comb-offsets amongst the PFLs  that would maintain contiguous PRS pattern across aggregated bandwidths. In the example below, there is a guard band of 6 tones, and using a comb-4 pattern for both, if the first PFL has an RE-offset of 0, the 2nd PFL should have an RE-offset of 2 
[image: ]

Proposal 3: Study further additional configuration constraints amongst the aggregated PFL to enable reduced complexity and more robust aggregation accuracy performance including the following:
· PFLs being configured on the same aligned numerology raster
· PFLs with RE-offset configuration which maintains contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones. 
3.3 Assistance data Enhancements
The PRS aggregation is a new feature that is being added in NR Rel-18, and as such, there needs to be explicit signaling to the UE whether any 2 PFLs in the assistance data can be aggregated or not. Specifically, RAN should include such signaling when sending the PRS configuration to the LMF, and then the LMF would include it in the LPP Assistance data signaling.  From RAN1 perspective, when the UE receives such a signaling, it can assume that the PRS resources are transmitted from the same antenna port. 

Proposal 3: LMF may include in the assistance data information of whether PFLs can be aggregated. 
· If multiple PFLs are indicated by the LMF that can be aggregated, a device may assume that the PRS resources are transmitted from the same antenna port.
· FFS: Details

3.4 On demand PRS Enhancements
Finally, it will be useful for an LMF, or a UE to be able to request from RAN whether aggregated PFLs should be configured or not. Note that this is different than the LMF requesting a number of PFLs to be configured; When multiple PFLs are configured, there is no guarantee that these can be aggregated. 
Proposal 4: LMF can request from gNBs to configure PFLs that can be aggregated by the devices.
· Enhance the LMF-initiated on-demand request framework to include such request. 
· FFS: Details
Proposal 5: A UE can request using the UE-initiated on-demand PRS framework for assistance data with PFLs that can be aggregated.
· FFS: Details
4 SRS Bandwidth Aggregation
Turning our attention to the SRS Aggregation, similarly to the PRS Aggregation, in addition to the single RF chain assumption, during the Rel-18 SI, RAN4 made the following conclusions and assumptions with regards to this feature: 
From RRM perspective, the following are assumed for SRS bandwidth aggregation:
· A common numerology is required across all intra-band contiguous carriers to be aggregated. 
· SRS resources to be aggregated from different carriers can have different bandwidths (i.e., different number of SRS RBs).
· SRS resources to be aggregated from different carriers are transmitted in the same slot and in the same symbols.
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.
Based on the above earlier discussions in RAN4 and the RRM assumptions, we propose to prioritize the discussions of those scenarios that RAN4 considered. Specifically, we make the following proposal:

Proposal 6: For SRS bandwidth aggregation, specify signaling and procedures for the following scenarios:
· SRS resources are transmitted in the same slot, in same symbols, using the same numerology.
· SRS resources can have same or different Bandwidths
· FFS: Study further whether any of the above constraints need to be relaxed

Proposal 7: Specify SRS aggregation assuming a UE may be in RRC_CONNECTED state.
· Study further SRS aggregation of simultaneous SRS transmissions in RRC_INACTIVE state. 
4.1 [bookmark: _Hlk102052479]Configuration Enhancements
From the RAN1 perspective, with regards to the configuration of aggregated SRS in 2 CCs of a band we propose the serving gNB to include an explicit signaling which informs the UE which SRS in which CCs are expected to be transmitted in an aggregated fashion. 
Proposal 8: If a device supports the SRS aggregation feature in a band, serving gNB may configure the UE to transmit 2 SRS resources assuming SRS aggregation such that the indicated to-be-aggregated SRS resources 
· are configured in the same OFDM symbols, in the same slots with the same numerology, same comb-size
· are configured with the same spatial relation reference signal
· do not overlap with any other UE’s transmission
· same Tx PSD for the aggregated SRS resources
 
Finally, similar to what was pointed out in section 3.2 with regards to the guard band between the contiguous CCs of a PFL, we propose the following to facilitate the receive processing at the gNB side: 
Proposal 9: Study further additional configuration constraints amongst the aggregated SRS to enable reduced complexity and more robust aggregation accuracy performance including the following:
· SRS with RE-offset configuration which maintains contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones. 
5 Conclusions
With regards to the topic of Bandwidth aggregation for positioning we make the following observations and proposals:
 Proposal 1: For PRS bandwidth aggregation, specify signaling and procedures for the following scenarios:
· PRS resources of aggregated PFLs are transmitted in the same slot, in same symbols, by the same TRP associated with the same ARP, and using the same numerology.
· Aggregated PFLs can have same or different Bandwidths

Proposal 2: Specify PRS aggregation assuming a UE may be in RRC_CONNECTED, RRC_INACTIVE, RRC_IDLE state while performing the measurements. 

Proposal 3: Study further additional configuration constraints amongst the aggregated PFL to enable reduced complexity and more robust aggregation accuracy performance including the following:
· PFLs being configured on the same aligned numerology raster
· PFLs with RE-offset configuration which maintains contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones. 

Proposal 4: LMF can request from gNBs to configure PFLs that can be aggregated by the devices.
· Enhance the LMF-initiated on-demand request framework to include such request. 
· FFS: Details
Proposal 5: A UE can request using the UE-initiated on-demand PRS framework for assistance data with PFLs that can be aggregated.
· FFS: Details

Proposal 6: For SRS bandwidth aggregation, specify signaling and procedures for the following scenarios:
· SRS resources are transmitted in the same slot, in same symbols, using the same numerology.
· SRS resources can have same or different Bandwidths
· FFS: Study further whether any of the above constraints need to be relaxed

Proposal 7: Specify SRS aggregation assuming a UE may be in RRC_CONNECTED state.
· Study further SRS aggregation of simultaneous SRS transmissions in RRC_INACTIVE state. 

Proposal 8: If a device supports the SRS aggregation feature in a band, serving gNB may configure the UE to transmit 2 SRS resources assuming SRS aggregation such that the indicated to-be-aggregated SRS resources 
· are configured in the same OFDM symbols, in the same slots with the same numerology, same comb-size
· are configured with the same spatial relation reference signal
· do not overlap with any other UE’s transmission
· same Tx PSD for the aggregated SRS resources
 Proposal 9: Study further additional configuration constraints amongst the aggregated SRS to enable reduced complexity and more robust aggregation accuracy performance including the following:
· SRS with RE-offset configuration which maintains contiguous PRS pattern across aggregated bandwidths even in the presence of guard tones. 
6 [bookmark: _Ref450583331]References
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