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1 Introduction
In last meeting, based on [1], RAN2 agreed the RAN2 related capabilities for NR POS. But RAN1 related capabilities are still missing. In addition companies would like to discuss the details of supported band/freq list together with RAN1 capabilities.
In this contribution, we futher discuss the UE capabilities based on intermedia RAN1 feature lists, and also discuss the capability for supported band/freq lists. 
2 Discussion
2.1 RAN1 features list
2.1.1 NR ECID
13 a-1 NR E-CID DL SSB RRM measurements for NR Positioning
Prerequisite – support of SSB measurements for RRM (SS-RSRP, SS-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of SSB RRM measurements (SS-RSRP, SS-RSRQ) based on Rel.15 for NR Positioning in Rel.16

13 a-2 NR E-CID DL CSI-RS RRM measurements for NR Positioning
Prerequisite – support CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) based on Rel.15 for NR Positioning in Rel.16

Configuration and reporting of CSI-RS for RRM (CSI-RSRP, CSI-RSRQ) for NR Positioning in Rel.16

In current TS37.355, RAN2 has introduced all of them as below, and no new capability is needed. 
	nr-ECID-MeasSupported -r16		BIT STRING {	ssrsrpSup		(0),
													ssrsrqSup		(1),
													csirsrpSup		(2),				
													csirsrqSup		(3) (SIZE(1..8)),
 NR E-CID capability in RAN1 table has been covered in LPP specification, no change is needed. 
2.1.2 DL AoD, DL TDOA, Multi RTT
Based on the features listed in [2], for DL AoD, DL TDOA, Multi RTT, there are two parts of capabilities:
PRS resources and measurement reports.
In LPP, group capabilies for PRS resources and measurement reports separately, i.e. separate PRS resources capability and measurement reports capability. 

1) Are there any common components for UE DL PRS processing among feature groups DL AoD(13b)/DL-TDOA(13c)/Multi-RTT(13e)?

The following components seems to be common and independent of signaling to facilitate specific positioning techniques among (DL-AoD, DL-TDOA and Multi-RTT):

Basic DL PRS Processing Capability
· #1 Maximum DL PRS bandwidth in MHz
· #2 Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz
· #3 Max number of positioning frequency layers supported by UE

DL PRS QCL Processing Capability
· #17 Support of SSB from serving cell as QCL Type C source of a DL PRS resource from serving cell
· #18 Support of SSB from neighbor cells as QCL Type C source of a DL PRS resource from neighbor cells
· #19 Support of SSB from serving cell as QCL Type D source of a DL PRS resource from serving cell
· #20 Support of SSB from neighbor cells as QCL Type D source of a DL PRS resource from neighbour cells
· #21 Support of a DL PRS resource from serving cell as QCL Type D source of another DL PRS resource from serving cell
· #22 Support of a DL PRS resource from neighbour cells as QCL Type D source of another DL PRS resource from neighbour cells

	In LPP, introduce common capabilities for basic DL PRS processing and DL PRS QCL processing capabilities instead of per positioning method capability . 
Basic DL PRS processing
#1 Maximum DL PRS bandwidth in MHz
#2 Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz
#3 Max number of positioning frequency layers supported by UE
DL PRS QCL processing
#17 Support of SSB from serving cell as QCL Type C source of a DL PRS resource from serving cell
#18 Support of SSB from neighbor cells as QCL Type C source of a DL PRS resource from neighbor cells
#19 Support of SSB from serving cell as QCL Type D source of a DL PRS resource from serving cell
#20 Support of SSB from neighbor cells as QCL Type D source of a DL PRS resource from neighbour cells
#21 Support of a DL PRS resource from serving cell as QCL Type D source of another DL PRS resource from serving cell
#22 Support of a DL PRS resource from neighbour cells as QCL Type D source of another DL PRS resource from neighbour cells

2) Whether to introduce different independent components for DL PRS RSRP and DL RSTD measurmeents in DL-TDOA(13c) feature group, considering that RAN2 agreed to include RSRP into NR-DL-TDOA-MeasElement?
· Option A. In case of DL-TDOA, DL PRS RSRP components are assumed to be the same as for DL-RSTD
· Option B. In case of DL-TDOA, DL PRS RSRP components are inherited from DL-AoD
· Option C. In case of DL-TDOA, DL PRS RSRP and DL-RSTD components are defined independently

In our view, for DL-TDOA the DL PRS resource capabilities for DL PRS RSRP and DL RSTD can be assumed to be the same (i.e. Option A)

3) Whether to introduce different components for DL PRS RSRP and DL PRS receive timing estimation for UE Rx-Tx measurments for Multi-RTT(13e) feature group, considering that RAN2 agreed to include RSRP into NR- NR-Multi-RTT-MeasElement and UE Rx-Tx time measurement require receive timing estimation similar to RSTD?
· Option A. In case of multi-RTT, DL PRS RSRP components are assumed to be the same as for DL-AoD
· Option B. In case of multi-RTT, DL PRS RSRP components and DL PRS receive timing estimation for UE Rx-Tx measurments are inherited from DL-TDOA components.
· Option C. In case of multi-RTT, DL PRS RSRP and DL PRS receive timing estimation are defined independently.
In our view, for Multi-RTT the DL PRS resource capabilities for DL PRS RSRP and UE Rx-Tx measurements can be assumed to be the same.


In LPP, introduce the following feature groups
DL PRS Resources for DL AoD (for DL PRS RSRP)
DL PRS Resources for DL TDOA (for DL PRS RSRP + DL RSTD measurements)
DL PRS Resources for Multi-RTT (for DL PRS RSRP + UE Rx-Tx time difference measurements)

2.1.3 UL-TDOA, UL AoA and Multi-RTT
For SRS, there are SRS resources, OLPC for SRS and spatial relation for SRS. It would be good to group them separately. 
In RRC, group capabilies for SRS resources, OLPC and spatial relation separately, i.e. separate SRS resources capability, OLPC SRS capability and spatial relation SRS capability. 
1) Whether to introduce dedicated transmission of SRS for positioning components for Multi-RTT(13e)?
In our view transmission of SRS for positioning is the same across UL-TDOA, UL-AoA and Multi-RTT.

In RRC, introduce common positioning SRS capability instead of per UL-TDOA, UL AoA and Multi-RTT positioning SRS capability. 
One question is still open in LPP discussion, i.e. whether SRS capabilities are needed in LPP. To our understanding, it can help the LMF to know what level of resources the UE can support for UL related positioning methods, and can make proper decision accordingly. 

SRS related capabilities are introduced in LPP. 

2.1.4 per UE, per BC, per Band?
To our understanding, most of capabilities should be per band.
Note thar some of the components under proposed feature groups can be also signaled per UE and can be further discussed by RAN1. For instance, the following components may need to support per UE signalling and it can be further discussed how to re-group those if necessary. In LPP draft CR, below capabilities are captured based on per UE approach. 
NR ECID
Common PRS capability:
· Max number of positioning frequency layers supported by UE. Values = {1, [2, 3], 4}
DL PRS resources:
· Max number of DL PRS Resources supported by UE across all frequency layers, TRPs and DL PRS Resource Sets. Values = [64, 128, 192, 256, 512, 1024, 2048]
· Max number of TRPs across all positioning frequency layers per UE. Values = [16, 32, 64, 128, 256]
· Max number of DL PRS resources per TRP across all frequency layers. Value set: {4,8,16,32,64,128}]
Measurements:
· Max number of DL RSTD measurements per pair of TRPs. Values = {1, 2, 3, 4}. 
· Support of inter-frequency DL RSTD measurement report in RRC_CONNECTED state
· Support of inter-frequency DL PRS RSRP measurement report in RRC_CONNECTED state
· Support of UE Rx-Tx time difference measurement with serving cell
· Support of UE Rx-Tx time difference measurement with neighbouring cells
· Support of UE Rx-Tx time difference measurements across different positioning frequency layers for DL PRS processing
· Max number of UE Rx – Tx time difference measurements per TRP DL PRS Resource Set/Resource
· Support of UE Rx-Tx time difference measurement quality metric
· Support of UE Rx-Tx time difference measurements across different component carriers for SRS for positioning.



In LPP, introduce band list to contain per band capabilities. 
In [3], RAN2 discussed the supported band/freq list, all companies agreed the need of it. But no consensus on the details. With proposal 7, the network can also know the supported band from the UE. We do not need separate capability on the supported band/freq. 

No need to introduce band list just indicate the UE supported band/freq 

In summary:
	13-1
	NR E-CID DL SSB RRM measurements for NR Positioning
	LPP
	Already captured;

	13-2
	NR E-CID DL CSI-RS RRM measurements for NR Positioning
	LPP
	

	13-3
	Basic DL PRS Processing Capability
	LPP
	Common capability

	13-4
	DL PRS QCL Processing Capability
	LPP
	

	13-5
	DL PRS Resources for DL AoD
	LPP
	DL AoD capability

	13-6
	DL PRS Measurement Report for DL-AoD
	LPP
	

	13-7
	DL PRS Resources for DL-TDOA
	LPP
	DL TDOA capability

	13-8
	DL PRS RSTD Measurement Report for DL-TDOA
	LPP
	

	13-9
	SRS Resources for Positioning
	LPP, RRC
	SRS capability

	13-10
	OLPC for SRS for Positioning
	LPP, RRC
	

	13-11
	Spatial Relation for SRS for Positioning
	LPP, RRC
	

	13-12
	DL PRS Resources for Multi-RTT
	LPP
	Multi-RTT capability

	13-13
	UE Rx-Tx Mesurement Report for Multi-RTT
	LPP
	




3 Conclusion
The followings are proposed:
Proposal 1: NR E-CID capability in RAN1 table has been covered in LPP specification, no change is needed. 
Proposal 2: In LPP, group capabilies for PRS resources and measurement reports separately, i.e. separate PRS resources capability and measurement reports capability. 
Proposal 3: 	In LPP, introduce common capabilities for basic DL PRS processing and DL PRS QCL processing capabilities instead of per positioning method capability . 
· Basic DL PRS processing
· #1 Maximum DL PRS bandwidth in MHz
· #2 Duration of DL PRS symbol in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz
· #3 Max number of positioning frequency layers supported by UE
· DL PRS QCL processing
· #17 Support of SSB from serving cell as QCL Type C source of a DL PRS resource from serving cell
· #18 Support of SSB from neighbor cells as QCL Type C source of a DL PRS resource from neighbor cells
· #19 Support of SSB from serving cell as QCL Type D source of a DL PRS resource from serving cell
· #20 Support of SSB from neighbor cells as QCL Type D source of a DL PRS resource from neighbour cells
· #21 Support of a DL PRS resource from serving cell as QCL Type D source of another DL PRS resource from serving cell
· #22 Support of a DL PRS resource from neighbour cells as QCL Type D source of another DL PRS resource from neighbour cells
Proposal 4: 
· In LPP, introduce the following feature groups
· DL PRS Resources for DL AoD (for DL PRS RSRP)
· DL PRS Resources for DL TDOA (for DL PRS RSRP + DL RSTD measurements)
· DL PRS Resources for Multi-RTT (for DL PRS RSRP + UE Rx-Tx time difference measurements)
Proposal 5: In RRC, group capabilies for SRS resources, OLPC and spatial relation separately, i.e. separate SRS resources capability, OLPC SRS capability and spatial relation SRS capability. 
Proposal 6: 
· In RRC, introduce common positioning SRS capability instead of per UL-TDOA, UL AoA and Multi-RTT positioning SRS capability. 
Proposal 7: 
· SRS related capabilities are introduced in LPP. 
Proposal 8: 
· In LPP, introduce band list to contain per band capabilities. 
Proposal 9: 
· No need to introduce band list just indicate the UE supported band/freq 

In summary:
	13-1
	NR E-CID DL SSB RRM measurements for NR Positioning
	LPP
	Already captured;

	13-2
	NR E-CID DL CSI-RS RRM measurements for NR Positioning
	LPP
	

	13-3
	Basic DL PRS Processing Capability
	LPP
	Common capability

	13-4
	DL PRS QCL Processing Capability
	LPP
	

	13-5
	DL PRS Resources for DL AoD
	LPP
	DL AoD capability

	13-6
	DL PRS Measurement Report for DL-AoD
	LPP
	

	13-7
	DL PRS Resources for DL-TDOA
	LPP
	DL TDOA capability

	13-8
	DL PRS RSTD Measurement Report for DL-TDOA
	LPP
	

	13-9
	SRS Resources for Positioning
	LPP, RRC
	SRS capability

	13-10
	OLPC for SRS for Positioning
	LPP, RRC
	

	13-11
	Spatial Relation for SRS for Positioning
	LPP, RRC
	

	13-12
	DL PRS Resources for Multi-RTT
	LPP
	Multi-RTT capability

	13-13
	UE Rx-Tx Mesurement Report for Multi-RTT
	LPP
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