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In this contribution, we discuss some remaining issues for NR DL positioning procedures based on the conclusions in current running CR [1], including
· Intra-TRP differential measurement
· TRP-ID
· PRS QCL configuration
Discussion
2.1 Intra-TRP differential measurement
In NR, multiple measurements based on different beam pair links for a single TRP may be reported by UE or gNB, including
· PRS-RSRP
· RSTD
· UE Rx – Tx time difference
(1) PRS-RSRP measurement
For multiple PRS-RSRP measurements, it was already specified in Rel-15 for differential beam report. Since multiple RSRP measurements are associated with DL-AoD, 1dB or 2dB granularity may be considered, but the final decision on the reporting format belongs to RAN4.
(2) RSTD measurement
For multiple RSTD measurements for a TRP, it is expected that the reported values would be close to each other, probably due to the propagation delay difference in different transmission directions. Reporting individual RSTDs is less efficient, which requires much wider dynamic range.
[bookmark: _Ref23869741]Table 1 Illustration of RSTD overhead comparison
	RSTD range
	-0.5ms – +0.5ms

	RSTD quantization step
	4Tc ~ 2ns

	RSTD quantization bits
	 bits

	Multi-beam propagation distance difference
	1500m (From LTE multi-path)

	Multi-beam propagation delay difference
	-5us - +5us

	Difference RSTD quantization step
	4Tc ~ 2ns

	Differential RSTD quantization bits
	 bits


As shown in Table 1, using differential RSTD between multiple beams for a TRP significantly reduces the overhead by one-third per RSTD measurement, where for example, one absolute RSTD requires 19 bits, while a differential RSTD requires only 13 bits. In the current running CR, this has already been captured while maintaining the same measurement accuracy. 
(3) UE Rx-Tx time difference
The same is applicable to UE Rx – Tx time difference. And when both beam-specific RSTD and UE Rx – Tx time difference are requested by the network, since they are measured based on the same PRS resource sets, the differential RSTD and UE Rx – Tx time difference within a TRP would be the same, as shown in Figure 1, reducing further 50% signaling overhead.
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[bookmark: _Ref23872057]Figure 1 Illustration of differential RSTD and UE Rx – Tx time difference
If we extend the multiple timing measurements based on different beams to those based on the same beam, it is the same as traditional multi-path reporting can be specified in LPP. 
Meanwhile, the multiple timing measurements reporting can be extended to gNB. One benefit of it is that by comparing the UE Rx – Tx time difference and gNB Rx – Tx time difference, a more reliable path association can be done by the LMF, if the delay between the main path and additional path are the same between UE measurements and gNB measurements.
The differential range can be up to RAN4 to decide.
Proposal 1a: Support differential report for the following DL measurements if multiple measurements of the same type are reported for a single TRP, and two measurements can be associated with the same or different DL PRS resource ID.
· PRS-RSRP
· DL RSTD 
· UE Rx – Tx time difference
Proposal 1b: Support differential report for the following UL measurements if multiple measurements of the same type are reported for a single UE, and two measurements can be associated with the same or different PRS resource ID or SSB ID.
· SRS-RSRP
· UL RTOA
· gNB Rx – Tx time difference
Proposal 2: Include it in the LS to RAN1, RAN3, and RAN4 and let RAN4 decide on the range and granularity of differential measurement reporting.

2.2 TRP ID
In the current running [1], there is this structure of TRP ID
	–	TRP-ID
The IE TRP-ID provides the IDs to identify the TRP.

-- ASN1START

TRP-ID-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255), 
	nr-PhysCellId-r16				NR-PhysCellId-r16			OPTIONAL,
	nr-CellGlobalId-r16				NCGI-r15					OPTIONAL,		-- Need ON
	nrARFCNRef-r16					ARFCN-ValueNR-r15			OPTIONAL	-- Cond NotSameAsRefServ0

}
-- ASN1STOP





Based RAN3 assumption, a TRP is identified by a TRP ID and Cell ID. Based on RAN1 agreement, an ID, which is currently written as dl-PRS-ID, is also introduced to identify the TRP. So in our understanding, {TRP ID, Cell ID} is cell-specific and UE common, which can be used for broadcast assistance data, while dl-PRS-ID may be UE specific, which means that the same TRP can be associated with the different dl-PRS-ID for different UEs.
In light of this, we think the IE name may be a little bit confusing, and TRP ID is not reflected in the IE. Therefore, we suggest to change the name of the IE.
Moreover, it is also unclear why nr-ARFCN is included in the ID, we suggest to remove it.
Proposal 3: Adopt the following change to the TRP id configuration 
· Change the name of the IE to TRP-ID-Set
· Remove nrARFCNRef
With the above proposal, change the IE structure of TRP-ID to
	–	TRP-ID-Set
The IE- TRP-ID-Set provides the IDs to identify the TRP.
-- ASN1START

TRP-ID-Set-r16 ::= SEQUENCE {
	dl-PRS-ID-r16					INTEGER (0..255), 
	nr-PhysCellId-r16				NR-PhysCellId-r16			OPTIONAL,
	nr-CellGlobalId-r16				NCGI-r15					OPTIONAL,		-- Need ON
	nr-TRP-ID-r16					INTEGER (0..4095) 			OPTIONAL
}
-- ASN1STOP



2.3 PRS QCL configuration 
The current structure of PRS QCL configuration is given as follows [1]:
[bookmark: _Hlk24037360]DL-PRS-QCL-Info-r16 ::= CHOICE {
    ssb-r16                          SEQUENCE {
       pci-r16                              NR-PhysCellId-r16,
       ssb-Index-r16                        INTEGER (0..63),
       rs-Type-r16                          ENUMERATED {typeC, typeC-plus-typeD}
    },
    dl-PRS-r16                       SEQUENCE {
		rs-Type-r16                          ENUMERATED {typeD}
}
}
For PRS-PRS QCL indication, based on the RAN1 agreement, PRS resource set ID and PRS resource ID should be indicated.
	In addition, it can be improved to save configuration overhead through the following way.
· Since we may have TRP-ID-r16 (which we suggest to change to TRP-ID-Set-r16) associated with the TRP configured by NR-DL-PRS-AssistanceDataPerTRP-r16, and TRP-ID-r16 already has the field nr-PhysCellId-r16, so the field pci-r16 can be optional, need OP. If pci-r16 is not configured, pci-r16 is the same as nr-PhysCellId-r16 provided in TRP-ID-r16.
· Since we only have QCL-D between two PRS resources, we do not need to include the field rs-Type-16 for PRS.
· The field name rs-Type-r16 is confusing, we suggest to change it to qcl-Type-r16.
· For PRS-PRS QCL indication, one use case is that the PRS resources in two PRS resource sets are pair-wise QCLed, where the two PRS resource sets can be in different positioning frequency layers, but are transmitted from the same TRP. If so the PRS resource ID can be optional, need OP. If the PRS resource ID is not configured, it is the same as the PRS resource ID of the target PRS resource.



In summary, we have the following recommendation of DL-PRS-QCL-Info-r16.
Proposal 4: PRS resource set ID and PRS resource ID should be indicated within dl PRS QCL.
Based on the above proposal, we propose to change the IE structure of DL-PRS-QCL-Info-r16 to
	DL-PRS-QCL-Info-r16 ::= CHOICE {
    ssb-r16                          SEQUENCE {
       pci-r16								NR-PhysCellId-r16				OPTIONAL, 	-- Need OP
       ssb-Index-r16						INTEGER (0..63),
       qcl-Type-r16								ENUMERATED {typeC, typeC-plus-typeD}
    },
    dl-PRS-r16                       SEQUENCE {
		nr-DL-PRS-ResourceSetId-r16         NR-DL-PRS-ResourceSetID-r16,
		nr-DL-PRS-ResourceId-r16			NR-DL-PRS-ResourceID-r16			OPTIONAL, 		-- Need OP
}
}
	DL-PRS-QCL-Info field description

	ssb
This field specifies the information of the source SSB that is QCLed with the target DL PRS resource, where
· pci specifies the physical cell ID of the source SSB. If it is absent, pci is the same as nr-PhysCellId provided in TRP-ID-Set for the TRP in which the target DL PRS resource is configured.
· ssb-Index specifies the SSB index.
· qcl-Type specifies the QCL type between the SSB and the DL PRS

	dl-PRS
This field specifies the information of the source DL PRS that is QCLed with the target DL PRS resource, where
· nr-DL-PRS-ResourceSetId specifies the source PRS resource set ID
· nr-DL-PRS-ResourceId specifies the source PRS resource ID. If it is absent, nr-DL-PRS-ResourceId is the same as dl-PRS-ResourceId-r16 of the target PRS resource.





 
[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed signalling design for NR DL positioning procedures for stage 3. As a result, we get the following proposals:
Proposal 1a: Support differential report for the following DL measurements if multiple measurements of the same type are reported for a single TRP, and two measurements can be associated with the same or different DL PRS resource ID.
· PRS-RSRP
· DL RSTD 
· UE Rx – Tx time difference
Proposal 1b: Support differential report for the following UL measurements if multiple measurements of the same type are reported for a single UE, and two measurements can be associated with the same or different PRS resource ID or SSB ID.
· SRS-RSRP
· UL RTOA
· gNB Rx – Tx time difference
Proposal 2: Include it in the LS to RAN1, RAN3, and RAN4 and let RAN4 decide on the range and granularity of differential measurement reporting.
Proposal 3: Adopt the following change to the TRP id configuration 
· Change the name of the IE to TRP-ID-Set
· Remove nrARFCNRef
Proposal 4: PRS resource set ID and PRS resource ID should be indicated within dl PRS QCL.
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