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



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

PRS BW aggregation
Signaling enhancement to support PRS BW aggregation
For downlink positioning, all configuration information is transmitted by the LMF to the UE through LPP signaling[2]. The following figure shows the structure of the PRS configuration information:
[image: ]
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Figure-1. The structure of PRS configuration from LMF to UE

As shown in Figure-1, PRS resources are configured based on the hierarchical relationship among PFLs, TRPs, Resource sets, and Resources. 
The maximum number of positioning frequency layers is 4, and the PFL defines the location in the frequency domain and the size of bandwidth of the PRS resource sets. So, four PFL can be used to define or configure PRS resources from four different carriers, and it is enough for measurements with bandwidth aggregation across up to three contiguous carriers.
[bookmark: OLE_LINK75][bookmark: OLE_LINK76]Proposal 1: Use multiple positioning frequency layers for the purpose of bandwidth aggregation.

The preceding configuration architecture does not need to be modified for the PRS bandwidth aggregation. The UE only needs to be capable of measuring PRSs of multiple positioning frequency layers at the same time. And the network needs to notify the UE of the following additional information:
1) [bookmark: OLE_LINK65][bookmark: OLE_LINK66]When does the UE perform PRS bandwidth aggregation-based measurement?
2) Which PFLs should the UE measure at the same time?
For the first question, a new field can be added to the Location Measurement Request to indicate that PRS bandwidth aggregation-based measurement is required for the UE. 
For the second question, a simple way is directly adding the indicator in the assistance data. For example, the configuration information can be enhanced to indicate the PRS resource set-3 in Figure-1 is associated with the PRS resource set-1 for the purpose of BW aggregation. In this release, this associated could be interpreted as the same port by the UE according to the supported RF architecture in the WID. After receiving the configuration, the UE would know that the PRS resource set-3 and PRS resource set-1 can be aggregated.
[bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 2: Support to enhance the location information request message to indicate the UE to perform measurement with bandwidth aggregation. 
[bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 3: Support to enhance the assistance data to indicate the same-port association information among PRS resource sets belong to different positioning frequency layers.

UE processing limitation
There is another problem that needs to be solved for PRS bandwidth aggregation. Currently, even for the aggregation of continuous CCs, PRSs on these continuous CCs may still be discontinuous, as shown in the following Figure-2, which can be caused by
· The non-zero guard band between consecutive CCs
· Limitation of PRS RB allocation at the CC edge
[image: ]
[bookmark: OLE_LINK69]         Figure-2. Frequency domain structure of two PRS bandwidth aggregation
In Figure-3, it shows the UE processing limitation when there is a large frequency domain gap between the two PRSs transmitted in contiguous CCs using the same port. If the UE receives two PRSs at the same time and performs joint estimation, the size of the gap will affect precision of TOA estimation. This is because the PRS transmission with a frequency domain gap is equivalent to a spectrum shaping filter that affects the size and shape of the correlation side-lobe as shown in the following Figure-3. 
[image: ]
Figure-3.  The time domain correlation of continues(up) and discontinues(down) RB allocation
In Figure-3, the upper part shows the autocorrelation function in the time domain when the PRS is mapped in the continuous RB. It can be seen that there is no major side-lobe near the maximum peak of the autocorrelation function. However, in the lower part when the PRS is mapped separately (similar to mapping on different CCs), extra side-lobes appear near the main peak, and these side-lobes may be wrongly detected by the UE as the first path.
Therefore, to avoid too large gap between PRSs configured by the network, the UE may report the capability information related to the supported maximum gap between different PRSs.
Proposal 4: Support UE to report the capability of the information related to the maximum gap between PRSs for PRS bandwidth aggregation.

SRS BW aggregation
Signaling enhancement to support SRS BW aggregation
A difference between the SRS configuration procedure and the PRS configuration procedure lies in that the SRS is completely configured by the serving gNB, and the configuration information of the SRS is included in the configuration information of the BWP [3], as shown in Figure-4.
[image: ]
       Figure-4 The structure of SRS configuration from gNB to UE
As shown in the Figure-4, the current SRS resources are configured in a BWP of a cell. For the positioning method based on uplink SRS bandwidth aggregation, the foregoing configuration procedure does not need to be changed, but how to instruct the UE to send SRS resources in multiple UL carriers with a same port at the same time needs to be considered. A simple solution is to indicate the association between the SRS resource sets between two or three carriers. In this release, this associated could be interpreted as the same Tx port by the UE according to the supported RF architecture in the WID.
[bookmark: OLE_LINK77][bookmark: OLE_LINK78]Proposal 5: Support to keep the per-CC/BWP SRS configuration. 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28][bookmark: OLE_LINK79]Proposal 6: Support to enhance the SRS configuration to indicate the same-port association information among different SRS resource sets belong to different carriers. 
[bookmark: OLE_LINK80]
Power control for SRS BW aggregation
It is beneficial to obtain higher time resolution by bandwidth aggregation for SRS measurement. When gNB receives two SRSs at the same time and performs joint estimation, there is no doubt that the performance would be better when the received power of the two SRSs is the same. From the perspective of SRS Tx UE, the same power allocation for transmission on each of the UL carriers that are sent at the same time is necessary.
Therefore we have the following proposal.
Proposal 7: Support the same power allocation for transmission on each of the UL carriers that are sent at the same time for SRS bandwidth aggregation.

Decouple the positioning BW aggregation with communication CA
Based on the foregoing description of the existing signalling architecture, to support PRS/SRS bandwidth aggregation, the UE first needs to support carrier aggregation. Carrier aggregation is a concept introduced in data communication. It aims to transmit and receive data on multiple carriers at the same time to greatly increase the data communication rate. On the other hand, the bandwidth aggregation in positioning is used to improve positioning accuracy by using larger reference signal bandwidth. 
However, considering actual application scenarios, some do not require a very high communication rate, but may require very high positioning accuracy, such as AGV navigation, autopilot, etc. Therefore, positioning and communication are independent processes from the perspective of requirements and services, and thus carrier aggregation used for communication and bandwidth aggregation used for positioning should be decoupled so that both UE and network could design the BB/RF tailored to the communication and positioning individually. For example, a UE may not support carrier aggregation for communication, but may support bandwidth aggregation for positioning to reduce the cost of baseband processing and L1/L2 buffering. So, we propose to decouple the positioning bandwidth aggregation with communication carrier aggregation.
For DL-PRS, the configuration of DL-PRS is not based on the serving cell/BWP configuration. So, the PRS bandwidth aggregation and communication carrier aggregation are already decoupled from the point of configuration.
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Observation 1: PRS BW aggregation configuration/capabilities are already decoupled from UE communication CA configuration/capabilities.
For UL-SRS, because the SRS is configured in the BWP of the serving cell, the SRS bandwidth aggregation depends on the communication carrier aggregation. The decoupling of the SRS bandwidth aggregation and communication carrier aggregation include enhancements such as
· A separate UE capability for SRS carrier/BW aggregation should be defined independent from UE communication CA capabilities, e.g. bandwidth class.
· The configuration of SRS BW aggregation should be not limited by the allowed configuration of UE communication CA.
[bookmark: OLE_LINK72]Proposal 8: Support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities.
[bookmark: OLE_LINK83]Proposal 9: Support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA. 

Conclusion
In this contribution, we provided our views on the solutions to support PRS/SRS bandwidth aggregation. Based on the discussion, we have the following observations and proposals.
Observation 1: PRS BW aggregation configuration/capabilities are already decoupled from UE communication CA configuration/capabilities.
Proposal 1: Use multiple positioning frequency layers for the purpose of bandwidth aggregation.
Proposal 2: Support to enhance the location information request message to indicate the UE to perform measurement with bandwidth aggregation. 
Proposal 3: Support to enhance the assistance data to indicate the same-port association information among PRS resource sets belong to different positioning frequency layers.
[bookmark: _GoBack]Proposal 4: Support UE to report the capability of the information related to the maximum gap between PRSs for PRS bandwidth aggregation.
Proposal 5: Support to keep the per-CC/BWP SRS configuration. 
Proposal 6: Support to enhance the SRS configuration to indicate the same-port association information among different SRS resource sets belong to different carriers. 
Proposal 7: Support the same power allocation for transmission on each of the UL carriers that are sent at the same time for SRS bandwidth aggregation.
Proposal 8: Support the decoupling of the SRS bandwidth aggregation and the communication carrier aggregation for UE capabilities.
Proposal 9: Support the configuration of SRS BW aggregation not limited by the allowed configuration of communication CA. 
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