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Introduction
In RAN#98-e meeting, a new WID on expanded and improved NR positioning was approved [1], in which the application of NR positioning is further expanded to enable sidelink positioning and ranging, improved accuracy, integrity and power efficiency, and positioning for RedCap UEs. To further improve positioning accuracy, the following objectives on bandwidth aggregation were identified:
	· Specify bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers [RAN1, RAN2, RAN4].
· Specify signalling and procedures to support aggregation of PRS/SRS (respectively) resources across PFLs/carriers (respectively) for positioning measurements under the assumption that the signals over aggregated resources are transmitted and received (respectively) using a single RF chain (same antenna) [RAN1, RAN2].
· NOTE: The support of bandwidth aggregation for positioning measurements applies only to timing related measurements (e.g., RSTD, RTOA, and UE/gNB Rx-Tx time difference).
· Specify RRM requirements with measurement gaps in connected mode, and in inactive mode, including PRS measurement period/reporting [RAN4].



In this contribution, we provide our initial views on PRS/SRS bandwidth aggregation for positioning measurements.

Discussion
[bookmark: _Ref31533076]2.1 Aggregation of PRS
In NR R16 positioning, a positioning frequency layer (PFL) was introduced for the configuration of DL PRS. The maximum bandwidth of a PFL was specified as 272 PRBs, and subject to UE capability, a UE can be configured with up to 4 PFLs. In addition, the UE DL PRS processing capability is defined per PFL. The UE capability for simultaneous DL PRS processing across positioning frequency layers is not supported, and for a UE supporting multiple PFLs, it is expected to process one frequency layer at a time. 
In order to support bandwidth aggregation of DL PRS, enhancements on configuration of DL PRS and signalling to indicate a UE to jointly receive and combine DL PRS from multiple PFLs should be considered. For instance, a positioning frequency layer set consists of multiple PFLs can be provided to UE and UE is expected to measure DL PRS resources across multiple PFLs within the PFL set. Another solution is that multiple PFLs for BW aggregation is associated, where the TRP/PRS resource set/PRS resources within the associated PFLs share the same ID, and the UE measures DL PRS resources with same ID across multiple PFLs.


Figure 1: Illustration of DL PRS configuration and signalling indication
Observation 1: The maximum bandwidth of a positioning frequency layer is 272 PRBs, which is 100 MHz BW in FR1. 
Observation 2: The UE capability for simultaneous DL PRS processing across multiple positioning frequency layers at a time is not supported.
Proposal 1: Enhancements on configuration of DL PRS and signalling to indicate a UE to jointly process DL PRS from multiple PFLs should be considered.
Proposal 2: To support BW aggregation of DL PRS, the UE should be capable of simultaneously processing DL PRS across multiple PFLs.
In addition, as clarified by the WID, only RRM requirements with measurement gaps are specified by RAN4. In this sense, only MG-based aggregated DL PRS measurement should be considered.
Proposal 3: Consider only MG-based aggregated DL PRS measurement.

2.2 Aggregation of SRS
In NR R16 positioning, the UE behaviour to simultaneously transmit more than one SRS positioning and/or MIMO SRS resources on difference CCs was introduced during maintenance phase, and the following UE capability was introduced:
	
	13-15
	Simultaneous SRS transmission within a band across multiple CCs
	1. The number of SRS resources for positioning on a symbol within a band
Candidate values {2}

Note: if the UE does not indicate this capability for a band, the UE does not support the feature in this band
	13-8
	RRC
simulSRS-TransWithinBand-r16
	RRC
BandNR
	n/a
	n/a
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	
	13-15a
	Simultaneous SRS transmission for a given BC
	1. The number of SRS resources for positioning on a symbol for a given BC
Candidate values {2}

Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.

Note: if the UE does not indicate this capability for a band combination, the UE does not support the feature in this band combination
	13-8
	RRC
simul-SRS-Trans-BC-r16
	RRC
CA-ParametersNR-v1610
	n/a
	n/a
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	
	13-19
	Simultaneous positioning SRS and MIMO SRS transmission within a band across multiple CCs
	1. The number of SRS resources for positioning and SRS resource for MIMO on a symbol within a band
Candidate values {2}

Note: SRS resource for MIMO refers to SRS resource configured by SRS-Resource.

Note: If UE reports 2 for the candidate value, it means both the number of SRS resource for positioning and SRS resource for MIMO equals to 1.

Note: if the UE does not indicate this capability for a band, the UE does not support the feature in this band
	13-8
	RRC
simulSRS-MIMO-TransWithinBand-r16
	RRC
BandNR
	n/a
	n/a
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling

	
	13-19a
	Simultaneous positioning SRS and MIMO SRS transmission for a given BC
	1. The number of SRS resources for positioning and SRS resource for MIMO on a symbol for a given BC
Candidate values {2}

Note: SRS resource for MIMO refers to SRS resource configured by SRS-Resource.

Note: If UE reports 2 for the candidate value, it means both the number of SRS resource for positioning and SRS resource for MIMO equals to 1.

Note: For single-band BCs, it defines the capability for intra-band CA, and for BCs with at least two bands, it defines the capability for inter-band CA.

Note: if the UE does not indicate this capability for a band combination, the UE does not support the feature in this band combination
	13-8
	RRC
simul-SRS-MIMO-Trans-BC-r16
	RRC
CA-ParametersNR-v1610
	n/a
	n/a
	RAN1 kindly requests RAN2 to decide on the necessity for location server to know if the feature is supported
	Optional with capability signaling



However, in R16 SRS CA, the UE Tx/Rx chain is not particularly limited to a single RF chain, and hence the capability to support bandwidth aggregation of UL SRS in a single RF chain should be introduced. In addition, note that the total number of SRS for positioning resource and/or MIMO SRS resource is up to 2 in the current UE capability. However, as verified by certain operators, the bandwidth aggregation for positioning measurements can be across up to 3 CCs in the WID objective. Hence, to support bandwidth aggregation of SRS, the enhancement on UE capability of simultaneous SRS transmissions should be considered.
Observation 3: R16 SRS CA capability cannot be guaranteed for a UE with a single Tx/Rx chain.
Observation 4: The candidate value of the total number of SRS for positioning resource and/or MIMO SRS resource to be simultaneously transmitted is up to 2.
Proposal 4: To support bandwidth aggregation of SRS, the enhancement on UE capability of simultaneous SRS transmissions should be considered.
In addition, as confirmed by RAN4, the bandwidth aggregation is feasible in case of a single Tx/Rx chain. In such cases, the power control mechanism of simultaneous transmissions of SRS for positioning and/or MIMO SRS resources should be considered. In R16 CA, the following transmission power reduction mechanism was specified in TS38.213, when the total uplink transmission power across multiple carriers exceeds P_c,max:
For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion [image: ] would exceed [image: ], where [image: ] is the linear value of [image: ] in transmission occasion [image: ] as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to [image: ] for that frequency range in every symbol of transmission occasion [image: ].
-	PRACH transmission on the PCell
-	PUCCH or PUSCH transmissions with higher priority index according to clause 9 
-	For PUCCH or PUSCH transmissions with same priority index 
-	PUCCH transmission with HARQ-ACK information, and/or SR, and/or LRR, or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI and, for Type-2 random access procedure, PUSCH transmission on the PCell
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier.
The current mechanism indicates that the UL carrier with lower priority order, or the UL carrier on a secondary cell / non-supplementary UL carrier in case of same priority order, will be dropped.
In our views, for the aggregation of UL SRS accros multiple intra-band contiguous CCs are sent by a single RF chain, enhancement on power adaptation among multiple carriers instead of prioritization among multiple carriers should be further considered.
Proposal 5: Power control mechanism of simultaneous transmission of SRS should be re-considered.

Conclusions
In this contribution, we provide our views on BW aggregation of DL PRS and UL SRS, and the following observations and proposals are made:
Observation 1: The maximum bandwidth of a positioning frequency layer is 272 PRBs, which is 100 MHz BW in FR1. 
Observation 2: The UE capability for simultaneous DL PRS processing across multiple positioning frequency layers at a time is not supported.
Observation 3: R16 SRS CA capability cannot be guaranteed for a UE with a single Tx/Rx chain.
Observation 4: The candidate value of the total number of SRS for positioning resource and/or MIMO SRS resource to be simultaneously transmitted is up to 2.

Proposal 1: Enhancements on configuration of DL PRS and signalling to indicate a UE to jointly process DL PRS from multiple PFLs should be considered.
Proposal 2: To support BW aggregation of DL PRS, the UE should be capable of simultaneously processing DL PRS across multiple PFLs.
Proposal 3: Consider only MG-based aggregated DL PRS measurement.
Proposal 4: To support bandwidth aggregation of SRS, the enhancement on UE capability of simultaneous SRS transmissions should be considered.
Proposal 5: Power control mechanism of simultaneous transmission of SRS should be re-considered.
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