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Introduction
The preliminary Rel-17 UE features were captured in the R1-2108679 [1] after RAN1#106-e.
In this paper, we present our comments to the UE feature list.

General principles
In this section, we would like to share our understanding on the principles of the UE positioning capabilities, since it may be different from other features as it involves gNB and LMF at the same time.
First, we think for each FG, whether gNB needs to know and LMF needs to know if UE supports the feature needs to be carefully checked. Note that we are developing features that would require coordination between LMF and gNB, e.g. MG activation, PRS processing window configuration for MG-less PRS measurement. One controversial aspect is on UE support of INACTIVE state PRS measurement, which is discussed in our companion paper [2] where we present such capability should be reported to gNB instead of LMF.
Second, different reporting type (per UE/band/FS) to gNB and LMF could be discussed. This is because LMF may not be aware of the UE CA configuration, which makes all capabilities that are reported per FS in RRC signaling differently be reported in LPP. In addition, we should keep the boundary between RAN and core network and avoid core network from involving too many activities that should only be decided by RAN.
[bookmark: OLE_LINK1]Proposal 1: Comply with the following principle for UE feature discussion:
Whether gNB needs to know and LMF needs to know if UE supports the feature needs to be carefully checked.
The boundary between RAN and core network should be kept.

Discussion
Rx – Tx timing error
Single TEG
In the FG 27-x1, FG 27-x2, and FG 27-x3, there were FFS on the number of 1 to indicate UE timing error being well calibrated. We believe that should be the case, and it should be different from Rel-16.
In Rel-16, there is no TEG reporting, which means that identification of timing error is not supported, regardless of whether UE makes any calibration effort. From the network perspective, LMF should not assume any TEG information. Note that RAN4 also considered some sort of remaining calibration error, however, we think at least the margin and target accuracy is not for Rel-17.
Then in Rel-17, UE could report support of single TEG, which means that UE supports the TEG feature, and after calibration, UE claims to have a single TEG. From the network perspective, LMF should assume a single TEG at UE side, and may not request UE to report TEG ID during the follow-up localization.
We think that the value = 1 should be kept.
Proposal 2: Keep the value = 1 for the number of TEGs that UE supports.
Number of Rx TEGs for a single PRS resource
FG 27-x4 is included out of the following agreement made in RAN1#106-e.
	Agreement:
· Subject to UE capability, support the LMF to request a UE to optionally measure the same DL PRS resource of a TRP with N different UE Rx TEGs and report the corresponding multiple RSTD measurements.
· FFS: N=[2, 3, 4] or other values, where the maximum value of N depends on UE capability.
· FFS: whether the TRP can be either a “RSTD” reference TRP or a neighbor TRP
· FFS: details of the signalling, procedures, and UE capability
· FFS: The multiple RSTD measurements can share the same time stamp
· Note: All RSTD measurements are relative to a single reference timing
· Support the LMF to request a TRP to optionally measure the same SRS resource of a UE with M different TRP Rx TEGs and report the corresponding multiple RTOA measurements.
· FFS: M = [2, 3, 4] or other values
· FFS: details of the signalling, procedures
· FFS: The multiple RTOA measurements can share the same time stamp



However, it is not clear from our side, why we need a separate number of TEGs for this feature. The capability by the term “subject to UE capability” in the agreement could refer to the capability in FG 27-x1. Some justification is needed, e.g. if the number can be smaller than what is reported in FG 27-x1.
Observation 1: justification would be required why FG 27-x4 is needed separately from FG 27-x1 and what difference will be from the one reported in FG 27-x1.
Tx TEG feature
For FG 27-x2, the Tx TEG feature mainly relies on the UE chain distribution when it comes to CA configuration, similar to the SRS resource capability (which is reported per FS/per band in a band combination).
We think a straightforward way is also to report Tx TEG number per band in a band combination to the gNB. If this is reported to LMF, the number should be reported per band for configured CA band combination.
Proposal 3: FG 27-x2 should be reported per FS to the gNB and per band for the currently configured CA band combination to the LMF.

UL-AoA
We do not have comments on the current UE feature list for UL-AoA, since the feature is entirely network based.

DL-AoD
For FG 27-z2, the support of more than 8 RSRP measurements per TRP is currently reported per UE in the feature list. However, we observe that for FR1, only 8 PRS resources per PRS resource set are allowed. “need of FR1/FR2 differentiation” with “n/a” would imply the feature is applicable for both FR1 and FR2. If it is the case, would UE capable of reporting more than 8 RSRPs per TRP in FR1 mean that UE may report the PRS-RSRP from more than one PRS resources for a TRP? In addition, when the feature of path RSRP reporting is introduced, how the number of RSRPs is counted needs further discussion.
Proposal 4: Clarify on FG 27-z2, that
Whether the feature is intended to be applicable to FR1, and
How the number is counted when path RSRP reporting is supported.

Latency improvement
MG-less PRS measurement
For FG 27-u5 where the “-u5” can be revised to “-u2”, the entry “Need for the gNB to know if the feature is supported” is marked with “No”. In our view, gNB should be aware of the feature, since the processing window configuration is supposedly provided by the gNB, and there is also scheduling restriction within the processing window with higher priority of PRS being determined by the UE at different levels (all carriers within the entire window, certain carrier/band within the entire window, symbol level). Without knowing which type UE supports, it is not possible for the gNB to schedule UE properly and explore the UE processing potential for type 1B and type 2.
Proposal 5: For FG 27-u5, gNB needs to know the UE capability.
PRS processing capability
For FG 27-u6, the entry is not correct for the second component. Following what is captured in R1-2108679 for Rel-16 UE feature maintenance, the bullet can be revised as below.
	PRS Processing Capability outside MG
	1. DL PRS buffering capability: Type 1 or Type 2
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering

2. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE.
a)	T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} msType 1 – sub-slot/symbol level buffering
b)	N: {0.125, 0.25, 0.5, 1, 2, 4, 6, 8, 12, 16, 20, 25, 30, 32, 35, 40, 45, 50} ms

3. Max number of DL PRS resources that UE can process in a slot under it
a)	FR1 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 15kHz, 30kHz, 60kHz
b)	FR2 bands: {1, 2, 4, 6, 8, 12, 16, 24, 32, 48, 64} for each SCS: 60kHz, 120kHz


Proposal 6: Replace subbullet a) of component 2 of FG 27-u6 with
a)	T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms

NLOS/MP mitigation
We do not have comments on the current UE feature list for NLOS and multi-path mitigation. However, in case the reporting of NLOS mitigation and multi-path enhancements is added, the reporting type should be per UE without FR1/FR2 differentiation, and to the LMF.

RAN2 led objectives
DL INACTIVE state
For PRS measurement in INACTIVE state, as discussed in our companion contribution [2], we think that support of the feature should be reported to the gNB.
Proposal 7: Support of PRS measurement in RRC_INACTIVE should be reported to gNB.
UL INACTIVE state
For positioning SRS capabilities in RRC_CONNECTED state, they include
Spatial relation and open-loop power control reported per band
SRS resource capability reported per FS
Simultaneous transmission of two SRS for intra-band and inter-band CA reported per band and per BC
We understand that the UE may support different positioning SRS capabilities in RRC_INACTIVE than those in RRC_CONNECTED, and some capabilities reported per FS/BC in RRC_CONNECTED may require discussion on the fallback behavior to RRC_INACTIVE (without CA configuration), it is thus preferred to introduce a separate SRS capabilities for RRC_INACITVE state.
The simultaneous transmission feature is not applicable to UE in RRC_INACTIVE since there is no CA configuration, while the remaining two can be adapted to per band.
Proposal 8: Support separate UE SRS capabilities in RRC_INACTIVE state from the RRC_CONNECTED, including
SRS resource capabilities
Spatial relation capabilities
Open loop power control capabilities
The capabilities are reported per band to the gNB only.
In addition, for SRS transmission in RRC_INACTIVE, if a separate SRS bandwidth configuration from the BWP#0 is adopted, this can also be a new UE capability. Details can be subject to progress on that aspect.
Proposal 9: Support a capability reporting for a separate UE SRS bandwidth from the BWP#0 per band to the gNB, if the feature is supported.
On-demand PRS
The current FG 27-w1 includes the UE capability of supporting UE-initiated on-demand PRS, and it needs the location server to know whether the feature is supported. We think that this feature should be checked by RAN2, since UE may initiate on-demand PRS without capability exchange at all.
We understand that LMF knowing UE supporting this feature could help LMF providing the predefined configuration to the UE, but standalone on-demand PRS initiation is also an open alternative.
Observation 2: The functionality of UE initiated on-demand PRS can be supported without LMF knowing the UE capability.

Conclusion
In this contribution, we have the following observations and proposals regarding RAN2-led items for positioning enhancement in Rel-17.
Observation 1: justification would be required why FG 27-x4 is needed separately from FG 27-x1 and what difference will be from the one reported in FG 27-x1.
Observation 2: The functionality of UE initiated on-demand PRS can be supported without LMF knowing the UE capability.
Proposal 1: Comply with the following principle for UE feature discussion:
Whether gNB needs to know and LMF needs to know if UE supports the feature needs to be carefully checked.
The boundary between RAN and core network should be kept.
Proposal 2: Keep the value = 1 for the number of TEGs that UE supports.
Proposal 3: FG 27-x2 should be reported per FS to the gNB and per band for the currently configured CA band combination to the LMF.
Proposal 4: Clarify on FG 27-z2, that
Whether the feature is intended to be applicable to FR1, and
How the number is counted when path RSRP reporting is supported.
Proposal 5: For FG 27-u5, gNB needs to know the UE capability.
Proposal 6: Replace subbullet a) of component 2 of FG 27-u6 with
a)	T: {8, 16, 20, 30, 40, 80, 160, 320, 640, 1280} ms
Proposal 7: Support of PRS measurement in RRC_INACTIVE should be reported to gNB.
Proposal 8: Support separate UE SRS capabilities in RRC_INACTIVE state from the RRC_CONNECTED, including
SRS resource capabilities
Spatial relation capabilities
Open loop power control capabilities
The capabilities are reported per band to the gNB only.
Proposal 9: Support a capability reporting for a separate UE SRS bandwidth from the BWP#0 per band to the gNB, if the feature is supported.
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