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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the RAN1 LS [1] on measurement definitions for positioning with bandwidth aggregation, RAN4 is asked to confirm RAN1’s understanding for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation.
	1. Overall Description:
During RAN1#112bis-e meeting, RAN1 made the following conclusion for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation.  
Conclusion 
The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference is reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
· Note: multiple PRS/SRS resources which can be used to determine the start of subframe can be from multiple intra-band continuous carriers, 
· Note: no RAN1 spec impact
· Send an LS to RAN4 to confirm RAN1’s understanding 

2. Actions:
To RAN4
ACTION: RAN1 respectfully asks RAN4 to confirm RAN1’s understanding.


In this contribution, we provide our views on definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation and draft reply LS.
2. Discussion
[bookmark: _Hlk131703200]Based on the WID [2], WGs aims to specify bandwidth aggregation for positioning measurements with the following objectives
	· 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].


PRS/SRS bandwidth aggregation for intra-band contiguous carriers is performed with single PA/RF chain Tx/Rx architectures at both the UE and gNB and no need to consider the collocated TRPs for PRS/SRS CA. Besides, RAN4 has agreed that there is no need to discuss time alignment error (TAE) for single RF chain architecture. Thus, the subframe boundary are same for all CCs and multiple PRS/SRS resources which can be used to determine the start of subframe can be from multiple intra-band CCs.
The RAN4 agreements during SI stage can be referred to as following
RAN4#105 RF session
	Agreement:
· No need to discuss TAE for single RF chain architecture
· TAE refers to the TAE requirements across carriers in BS specification
Agreement:
· PRS/SRS bandwidth aggregation for intra-band contiguous carrier is feasible for single chain Tx/Rx architectures at both the UE and gNB
· The assumption for a single-chain Tx architecture is that PRS/SRS resources to be aggregated are transmitted from a single Tx antenna
· Single chain Tx architecture means the single RF chain with single antenna


RAN4#105 RRM session
	Agreements:
· Focus on same TRP and de-prioritize collocated TRPs for PRS/SRS CA.
· PRS resources from different PFLs to be aggregated are transmitted by the same TRP and associated with a common Antenna Reference Point (ARP)


In addition, in TS 38.215, the legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference implies PRS/SRS are transmitted/received from/by a single TP/RP/TRP, as shown in the following Table 1-4. Thus, it is unnecessary to consider the collocated carriers for the definition of positioning measurements, which means the legacy definition can be reused for the feature of the PRS and SRS bandwidth aggregation.

Table 1 DL RSTD
	Definition
	DL reference signal time difference (DL RSTD) is the DL relative timing difference between the Transmission Point (TP) [18] j and the reference TP i, defined as TSubframeRxj – TSubframeRxi,

Where:
TSubframeRxj is the time when the UE receives the start of one subframe from TP j.
TSubframeRxi is the time when the UE receives the corresponding start of one subframe from TP i that is closest in time to the subframe received from TP j.

Multiple DL PRS resources can be used to determine the start of one subframe from a TP.

For frequency range 1, the reference point for the DL RSTD shall be the antenna connector of the UE. For frequency range 2, the reference point for the DL RSTD shall be the antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



Table 2 UE Rx – Tx time difference
	Definition
	The UE Rx – Tx time difference is defined as TUE-RX – TUE-TX

Where:
TUE-RX is the UE received timing of downlink subframe #i from a Transmission Point (TP) [18], defined by the first detected path in time.
TUE-TX is the UE transmit timing of uplink subframe #j that is closest in time to the subframe #i received from the TP.

Multiple DL PRS or CSI-RS for tracking resources, as instructed by higher layers, can be used to determine the start of one subframe of the first arrival path of the TP.

For frequency range 1, the reference point for TUE-RX measurement shall be the Rx antenna connector of the UE and the reference point for TUE-TX measurement shall be the Tx antenna connector of the UE. For frequency range 2, the reference point for TUE‑RX measurement shall be the Rx antenna of the UE and the reference point for TUE‑TX measurement shall be the Tx antenna of the UE.

	Applicable for
	RRC_CONNECTED,
RRC_INACTIVE



Table 3 UL RTOA
	Definition
	The UL Relative Time of Arrival (TUL-RTOA) is the beginning of subframe i containing SRS received in Reception Point (RP) [18]  j, relative to the RTOA Reference Time [16]. 

The UL RTOA reference time is defined as , where
-	 is the nominal beginning time of SFN 0 provided by SFN Initialization Time [15, TS 38.455]
-	, where  and  are the system frame number and the subframe number of the SRS, respectively.

Multiple SRS resources can be used to determine the beginning of one subframe containing SRS received at a RP.

The reference point for TUL-RTOA shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.



Table 4 gNB Rx-Tx time difference
	Definition
	The gNB Rx – Tx time difference is defined as TgNB-RX – TgNB-TX

Where:
TgNB-RX is the Transmission and Reception Point (TRP) [18] received timing of uplink subframe #i containing SRS associated with UE, defined by the first detected path in time.
TgNB-TX is the TRP transmit timing of downlink subframe #j that is closest in time to the subframe #i received from the UE.

Multiple SRS resources can be used to determine the start of one subframe containing SRS.

The reference point for TgNB-RX shall be:
-	for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Rx antenna (i.e. the centre location of the radiating region of the Rx antenna),
-	for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector.
The reference point for TgNB-TX shall be:
-	for type 1-C base station TS 38.104 [9]: the Tx antenna connector,
-	for type 1-O or 2-O base station TS 38.104 [9]: the Tx antenna (i.e. the centre location of the radiating region of the Tx antenna),
-	for type 1-H base station TS 38.104 [9]: the Tx Transceiver Array Boundary connector.


Observation 1: No need to consider the collocated carriers for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation
Proposal 1: The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference can be reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
3. Summary
[bookmark: _Hlk23953093]In this contribution, we provided our views on definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation. Based on analysis following proposals are present.
Observation 1: No need to consider the collocated carriers for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation
Proposal 1: The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference can be reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
A draft Reply LS is provided in Annex.
4. References
[1] R1-2304082 LS on measurement definitions for positioning with bandwidth aggregation, ZTE
[2] RP-230328 Revised WID on Expanded and Improved NR Positioning, Intel Corporation
5. Appendix: Draft reply LS

3GPP TSG RAN WG4 Meeting #107	R4-23xxxxx
Incheon, May 22 – May 26, 2023

Title:	Reply LS on measurement definitions for positioning with bandwidth aggregation
Response to:	R1-2304082
Release:	Rel-18
Work Item:	NR_pos_enh2

Source:	RAN4
To:	RAN1
Cc:	

Contact Person:	
Name:				Qian Yang
E-mail Address: 	qian9.yang@vivo.com

1. Overall Description:
RAN4 thanks RAN1 for the LS on measurement definitions for positioning with bandwidth aggregation.
From RAN4 perspective, RAN1’s understanding for the following conclusion for the definition of positioning measurements for the feature of the PRS and SRS bandwidth aggregation is acceptable.
	Conclusion 
The legacy definition of DL RSTD, UL RTOA, UE Rx-Tx time difference, gNB Rx-Tx time difference is reused with the assumption that the subframe timings of the intra-band contiguous carriers are the same. 
· Note: multiple PRS/SRS resources which can be used to determine the start of subframe can be from multiple intra-band continuous carriers, 
· Note: no RAN1 spec impact





2. Actions:
[bookmark: _GoBack]To: RAN WG1
ACTION: 	RAN4 kindly asks RAN1 to take the above RAN4 answers into account in the future work.

3. Reference:
[1] R1-2304082, LS on measurement definitions for positioning with bandwidth aggregation, ZTE, RAN1

4. Date of Next TSG RAN WG4 Meetings:
TSG-RAN4 Meeting #108			   21th Aug –25th Aug, 2023	FR
TSG-RAN4 Meeting #108-bis			9th Oct –13th Oct, 2023	   China
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