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1	Introduction
This paper discusses our thinkings on Carrier Phase Positioning and Bandwith aggregation.
2	Discussion
2.1 Carrier Phase Positioning  
2.2.1 UL measurements for CPP
The following agreements have been made by RAN1[1]: 
	Agreement
Support enabling a TRP to report UL RSCP together with RTOA and/or gNB Rx-Tx time difference measurements to LMF

Note 1: The report of UL carrier phase measurement with gNB Rx – Tx time difference does not necessarily require the report of DL carrier phase measurement with UE Rx – Tx time difference.
Note 2: This doesn’t preclude standalone UL carrier phase measurements reporting.


RAN1 has agreed to introduce new measurements UL RSCP for UL CPP positioning, which the UL RSCP can be reported by the TRP together with RTOA measurements and/or gNB Rx-Tx time difference measurements to the LMF. It is proposed to enhance the TRP Measurement Result in TS 38.455 and TS 48.473 to capture the carrier phase measurements to support UL CPP. 
During RAN4 # 107, the following agreement has been made by RAN4 that the reporting mapping for UL RSCP is the same as DL RSCP [2]:
	Issue 2-3-2: Report mapping for UL RSCP: 
Agreements:
· Same as DL RSCP. 


The following agreement was received from RAN1 [3]:
	For CPP measurements: 
· For DL RSCP measurements, the reporting range is [0, 360) degrees and the reporting granularity is 0.1 degree.
· For DL RSCPD measurements, the reporting range is [-180, 180) degrees and the reporting granularity is 0.1 degree.


Therefore, the UL RSCP should have a reporting range of [0, 360) degrees and a reporting granularity of 0.1 degree. A TP for TS 38.455 is given as follows:
	9.2.x1	UL RSCP 
This IE contains the UL Reference Signal Carrier Phase (RSCP) measurement.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	UL RSCP
	M
	
	INTEGER(0..3599)
	TS 38.133 [16]






Proposal 1: It is proposed to enhance the TRP Measurement Result in TS 38.455 and TS 38.473 to capture the carrier phase measurement UL RSCP with a reporting range of [0, 360) degrees and a reporting granularity of 0.1 degree.
The following agreement is made by RAN1 on timestamp [5]: 
	Agreement
For the timestamp associated with a reported RSCP/RSCPD measurement, NR-TimeStamp, with the granularity of a slot, currently defined in TS 37.355, can be reused as the timestamp. 
· Subject to UE capability, a UE may optionally provide an OFDM symbol index in the timestamp.
· Note: It is up to RAN2/RAN3 how to signal the timestamp


The UE may provide the OFDM index in the timestamp when reporting DL CPP measurements, i.e., the NR-Timestamp IE in LPP Provide Location Information should be enhanced. For UL positioning, similarly, the current Time Stamp IE in TRP Meausrement Result IE in TS38.455 and TS 38.473  should also be enhanced to support a symbol level timestamp.
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This information element contains the time stamp.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	System Frame Number
	M
	
	INTEGER(0..1023)
	

	CHOICE Slot Index
	M
	
	
	

	>SCS-15
	M
	
	INTEGER(0..9)
	

	>SCS-30
	M
	
	INTEGER(0..19)
	

	>SCS-60
	M
	
	INTEGER(0..39)
	

	>SCS-120
	M
	
	INTEGER(0..79)
	

	 Measurement time
	O
	
	Relative Time 1900
9.2.36
	

	Symbol Index
	O
	
	INTEGER(0..13)
	






Proposal 2: Enhance the current Time Stamp IE in TRP Meausrement Result IE in TS 38.455 and TS 38.473 to support the reporting the OFDM index in the timestamp for the UL CPP measurements.  

2.2.2 Time Windows for UL CPP
The following agreement was made by RAN1 [4-5]: 
	Agreement
To enable LMF to request the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s), each time window is defined with the following parameters:
· The start of the time window, which is indicated by a combination of subframe number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE Measurement Periodicity in MEASUREMENT REQUEST in TS 38.455.
· FFS: the maximum number of the windows

Agreement
[bookmark: _GoBack]Confirm the following working assumption with modification made in RAN1#113: 

Working assumption
To enable LMF to optionally request the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), support:
· Option 1D: Each of the time windows is defined with the following parameters:
· The start of the time window, which is indicated by a combination of system frame number, slot offset and symbol index with respect to the SFN initialization time
· The duration of the time window, which is given by a number of consecutive slots/symbols
· FFS: the number of the consecutive slots/symbols
· (Optional) The periodicity of the time window, which is defined similar to IE PeriodicitySRS in “Requested SRS Transmission Characteristics” in TS 38.455.
· FFS: the maximum number of the windows

Agreement
When a LMF requests the serving gNB of a UE to configure the transmission of the UL positioning SRS resources from the UE within indicated time window(s), 
· the duration of a time window can be configured by one of the following values:
· {1, 2, 4, 8, 12} OFDM symbols
· {1, 2, 4, 6, 8, 12, 16} slots
· FFS: additional values
· the number of the time windows can be configured as:
· {1, 2, …, 16}

Agreement
When a LMF requests the serving gNB and neighboring gNBs of a UE to measure the UL SRS resources from the UE within indicated time window(s):
· The duration of a time window can be configured as follows:
· {1, 2, 4, 6, 8, 12, 16} slots.
· the number of the time windows can be:
· {1, 2, …, 16}



To enable simultaneous measurements by gNBs, RAN1 introduces a time window for SRS transmission configuration and another window for SRS measurements. From our understanding, these two windows should be implemented in Positioning Information Request message and Measurement Request message respectively. 
It is observed that the component of two window are similar, e.g., including start of the time window, duration and periodicity. Besides, the number of configurable time windows are the same. Therefore, it is proposed to design a unified IE for the windows. 
	9.2.x3 Time Window for CPP 
The Time Window IE is used to configure SRS transmission or perform carrier phase measurements for carrier phase positioning. 
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Time Windows
	
	1
	
	

	   >Time Window Item
	
	1..<maxnoWindows>
	
	

	   >>Start Time
	M
	
	
	

	      >>> System Frame Number
	
	
	INTEGER(0..1023)
	

	>>>CHOICE Slot Index
	M
	
	
	

	>>>>SCS-15
	M
	
	INTEGER(0..9)
	

	>>>>SCS-30
	M
	
	INTEGER(0..19)
	

	>>>>SCS-60
	M
	
	INTEGER(0..39)
	

	>>>>SCS-120
	M
	
	INTEGER(0..79)
	

	   >>CHOICE Time Window Duration 
	M
	
	
	

	      >>>Consecutive Slots
	
	
	ENUMERATED(slot1, slot2, slot4, slot8, slot12, …)
	

	>>>Consecutive Symbols
	
	
	ENUMERATED(s1, s2, s4, s7, s12, …)
	This field is only applicable for SRS configuration window(FFS).

	   >>PeridocitySRS
	O
	
	ENUMERATED (0.125, 0.25, 0.5, 0.625, 1, 1.25, 2, 2.5, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240, …)
	






Proposal 3: It is proposed to design a unified IE for the time windows for SRS configuration and measurements for CPP. 
2.2 Bandwidth Aggregation 
2.2.1 SRS Bandwidth Aggreagtion
According to RAN1 agreements, SRS bandwidth aggregation across two or thress carriers should be per SRS resource set basis, which assumes the SRS resources across the linked SRS resource sets are linked. The first issue to discuss is how to design new signaling to indicate the linked SRS resource sets. RAN1 has the following related aggrements:
	Agreement# RAN1-112bis
For PRS resources aggregated across PFLs for DL-TDOA and multi-RTT positioning methods, use similar signaling as the existing Rel-16/Rel-17 DL PRS measurement of single PFL with the necessary update.
· FFS: In a measurement report element, single RSRP or single RSRPP is reported 
· In a measurement report element, PFL aggregation indication is supported to indicate whether/which measurement is aggregated
· Support new signaling in location information request message to indicate UE whether to perform joint measurement across aggregated PFLs
· Single RSTD reference in assistance data and measurement report is used for PRS bandwidth aggregation measurement
· FFS RSTD reference is aggregated or not

[bookmark: OLE_LINK156]Agreement # RAN1-112bis
[bookmark: OLE_LINK154][bookmark: OLE_LINK155]Support joint measurement and report for the SRS resources across the aggregated carriers for UL-TDOA and Multi-RTT positioning methods
· Single UL RTOA or gNB Rx-Tx time difference is reported for the SRS resources across aggregated carriers
· FFS: RSRP or RSRPP
· FFS: SRS carrier aggregation indication is reported along with the measurement results to indicate whether/which carriers are aggregated for the joint SRS measurement
· Support LMF to request gNB for the UL positioning measurement from aggregated SRS resources across multiple CCs


Agreement @ RAN1-113
For SRS bandwidth aggregation across carriers, support
· Single RSRP or RSRPP is reported
· FFS: the single RSRP/RSRPP is based on aggregated SRS resources across aggregated carriers
· The used SRS resource IDs for the aggregated measurement are shared for RSRP/RSRPP and/or timing measurement results

Agreement@ RAN1 -113
For PRS bandwidth aggregation across PFLs, in a measurement report element, support
· Single RSRP or single RSRPP 
· FFS: the single RSRP/RSRPP is based on aggregated PRS resources across aggregated PFLs
· The aggregated reference RSTD 
· The used PRS resource set IDs for the aggregated measurement which are shared for RSRP/RSRPP and/or timing measurement results


For measurement reporting, RAN1 thinks either an indiction of carrier aggreagtion or the explicit resource set IDs can be indicated for the aggregated measurements. Similarly, the bandwidth aggregation can also be indicated by a 1-bit indicator or explicit resource set IDs.  
The two options can be repectively illustrated as follows：
	*bandwidth aggregation is indicated by a 1-bit indicator:
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This information element indicates an SRS resource set in the UE for UL SRS transmission.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	SRS Resource Set ID
	M
	
	INTEGER(0..15)
	

	SRS Resource ID List
	
	1..<maxnoSRS-ResourcePerSet>
	
	

	>SRS Resource ID
	M
	
	INTEGER(0..63)
	

	CHOICE Resource Set Type
	M
	
	
	

	>periodic
	
	
	
	

	>>periodicSet
	M
	
	ENUMERATED(true,…)
	

	>semi-persistent
	
	
	
	

	>>semi-persistentSet
	M
	
	ENUMERATED(true,…)
	

	>aperiodic
	
	
	
	

	>>SRS Resource Trigger
	M
	
	INTEGER(1..3)
	

	>>Slot offset
	M
	
	INTEGER(0..32)
	Offset in number of slots, where value 0 indicates no offset.

	Positioning SRS Resource Aggregation 
	O
	
	ENUMERATED(true,…)
	



	Range bound
	Explanation

	maxnoSRS-ResourcePerSet
	Maximum no of SRS resources per SRS resource set. Value is 16.





 
	*bandwidth aggregation is indicated by explicit resource set IDs:
9.2.31	SRS Resource Set
This information element indicates an SRS resource set in the UE for UL SRS transmission.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	SRS Resource Set ID
	M
	
	INTEGER(0..15)
	

	SRS Resource ID List
	
	1..<maxnoSRS-ResourcePerSet>
	
	

	>SRS Resource ID
	M
	
	INTEGER(0..63)
	

	CHOICE Resource Set Type
	M
	
	
	

	>periodic
	
	
	
	

	>>periodicSet
	M
	
	ENUMERATED(true,…)
	

	>semi-persistent
	
	
	
	

	>>semi-persistentSet
	M
	
	ENUMERATED(true,…)
	

	>aperiodic
	
	
	
	

	>>SRS Resource Trigger
	M
	
	INTEGER(1..3)
	

	>>Slot offset
	M
	
	INTEGER(0..32)
	Offset in number of slots, where value 0 indicates no offset.

	Aggregated Resources
	O
	
	9.2.x4
	



	Range bound
	Explanation

	maxnoSRS-ResourcePerSet
	Maximum no of SRS resources per SRS resource set. Value is 16.
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This information element is used to indicated aggreagted SRS resource sets.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Activated Carriers
	
	1
	
	

	 >Aggregated Carrier Item
	
	1.. <maxnoAggCarriers>
	
	

	   >>Resource Set ID
	M
	
	INTEGER(0..15)
	

	   >> PCI
	O
	
	INTEGER(0..1007)
	






Proposal 4: The SRS/PRS bandwidth aggregation can be indicated by either a 1-bit indicator or explicit resource set IDs. 
In terms of the supported SRS type, both semi-persistent and aperiodic positioning SRS for bandwidth aggregation are supported and the SRS aggregated SRS resources should be of the same SRS resource-Type. A remaining problem to discuss of the last meeting is the positioning activation/deactivation procedure for aggregated SRS resources. The following agreements have been made by RAN1: 
	Agreement
Support aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state.
· FFS the details
Agreement
For SRS bandwidth aggregation between SRS in two or three carriers, the aggregated SRS resources are of the same SRS resource-Type.
Agreement
For SRS bandwidth aggregation across two or three carriers, support
· Option 2: Per SRS resource set basis. 
· Support new signaling to indicate which SRS resource sets across carriers are linked. 
· It is assumed that the SRS resources across the linked SRS resource sets are linked if the conditions are satisfied. For the non-linked SRS resource sets, no aggregation is assumed even if the conditions are satisfied. 

Working assumption 
For semi-persistent positioning SRS for bandwidth aggregation, a single MAC CE can activate or deactivate:
· SRS resource set(s) in one or two or three of three aggregated carriers
· SRS resource set(s) in one or two of two aggregated carriers.
Note: the single spatial relation is indicated by the MAC CE for each of two or three aggregated SRS resources.
Send an LS to RAN2 to confirm the feasibility.
Agreement
With regard to aperiodic positioning SRS for bandwidth aggregation for UEs in RRC_CONNECTED state, support both Option 2 and Option1.
· Option 2: Support to use a DCI format 0_3 or 1_3 for multi-cell PDSCH/PUSCH scheduling to trigger SRS resources for bandwidth aggregation in multiple CCs.
· Option 1: Support a Rel-17 single DCI scheduling positioning SRS resource sets across the linked carriers, as a separate UE capability.
· Reuse Rel-17 DCI framework without modification. 
· If a single DCI indicates transmission of an aperiodic positioning SRS resource set, UE transmits aperiodic positioning SRS resource sets across all linked carriers for bandwidth aggregation.


According to RAN1, if SRS bandwidth aggregation is configured for the UE, the NW should be enabled to activate part of the aggregated carriers. Therefore, the LMF should indicate the activated carriers for SRS activation/deactivation. An example is given as follows for Positioning Activation Request message:
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This message is sent by the LMF to cause the NG RAN node to activate/trigger UL SRS transmission by the UE.
Direction: LMF  NG-RAN node.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3
	
	YES
	reject

	NRPPa Transaction ID
	M
	
	9.2.4
	
	-
	

	CHOICE SRS type
	M
	
	
	
	YES
	reject

	>Semi-persistent
	
	
	
	
	
	

	>>SRS Resource Set ID
	M 
	
	9.2.33
	
	-
	-

	>>SRS Spatial Relation
	O
	
	Spatial Relation Information
9.2.34
	This IE is ignored if the Spatial Relation Information per SRS Resource IE is present.
	YES
	ignore

	>>Spatial Relation Information per SRS Resource
	O
	
	9.2.60
	
	YES
	ignore

	>Aperiodic
	
	
	
	
	
	

	>>Aperiodic
	M
	
	ENUMERATED(true,…)
	
	-
	-

	>>SRS Resource Trigger
	O
	
	9.2.35
	
	-
	-

	Activation Time
	O
	
	Relative Time 1900
9.2.36
	Indicates the start time when the SRS activation is requested
	YES
	ignore

	Aggregated Resources
	O
	
	9.2.x4
	
	YES
	ignore






Proposal 5: The LMF should indicate the activated carriers for SRS activation/deactivation.
2.2.2 PRS Bandwidth Aggregation 
RAN2 has made the following aggrements on signaling enhancements for PRS bandwidth aggregation [6]: 
	Agreements:
For DL PRS bandwidth aggregation across PFLs, RAN2 to consider following signalling enhancements (subject to the details of the RAN1 parameter list):
−	Include the joint measurement indication and the aggregated PRSs resource PRS sets IDs across PFLs in LPP RequestLocationInformation and ProvideAssistanceData messages. 
−	Include the PFL aggregation indication and the aggregated measurement results with PRS resource sets ID in LPP ProvideLocationInformation message.


From RAN3 perspective, PRS aggregation would impacts the PRS Configurations in TRP Information Exchange procedure and the PRS Configuration Procdure. To avoid duplicate discussion, it is suggested to wait for RAN2 progress to revise the TPs. 
Proposal 6: Wait RAN2 progress on PRS Bandwidth Aggregation. 
3	Conclusion
This document proposes:
Proposal 1: It is proposed to enhance the TRP Measurement Result in TS 38.455 and TS 38.473 to capture the carrier phase measurement UL RSCP with a reporting range of [0, 360) degrees and a reporting granularity of 0.1 degree.
Proposal 2: Enhance the current Time Stamp IE in TRP Meausrement Result IE in TS 38.455 and TS 38.473 to support the reporting the OFDM index in the timestamp for the UL CPP measurements.  
Proposal 3: It is proposed to design a unified IE for the time windows for SRS configuration and measurements for CPP. 
Proposal 4: The SRS/PRS bandwidth aggregation can be indicated by either a 1-bit indicator or explicit resource set IDs. 
Proposal 5: The LMF should indicate the activated carriers for SRS activation/deactivation.
If the proposals are fine, Huawei is volunteer to provide a TP for the BL CR according to the tabular shown in this contribution. 
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