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Introduction
In this paper, we discussed the following aspects with regard to positioning latency enhancements.
Reduced PRS processing samples
Multiple (N, T) values
MG-less PRS processing
MG-based PRS processing enhancements

Reduced PRS processing samples
In RAN1#105-e [1], we made the following agreement regarding less than 4 sample PRS processing.
	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency



It is expected that RAN4 will work out the side conditions and positioning measurement period requirement for M<4 samples, and we prefer to wait for RAN4 progress for the PRS sample processing time.
UE capability
We think that a simple UE capability to indicate the support of M-sample processing is needed. Other than that, we do not think the existing capabilities indicated by NR-DL-PRS-ProcessingCapability and NR-DL-PRS-ResourcesCapability should be enhanced, which will over-complicate the issue. For example, the (N, T) values reported should be applicable for both M-sample and 4-sample. The PRS resources capable of processing in the slot should also be the same.
Proposal 1: The existing NR-DL-PRS-ProcessingCapability and NR-DL-PRS-ResourceCapability should be also applied to M-sample PRS measurement.

Signaling details
The signaling details include impact to both RequestLocationInformation and ProvideLocationInformation messages.
We think that at least RequestLocationInformation should indicate whether the expected location measurement should be based on M-sample or 4-sample, which is trivial. One aspect worth discussion is whether both M-sample and 4-sample measurements can be requested.
Our understanding is that it should be useful allow both measurements to be requested in that
First, the M-sample measurement would facilitate the location fix for the first time (reduce time to first fix – TTFF)
Second, the TRPs that fulfill the M-sample side conditions may be less than those that fulfill the 4-sample side condition
Third, the TOA measurement requirement may also be loose compared with 4-sample requirement.
In this sense, M-sample and 4-sample measurement may complement each other in terms of trade-off between latency and accuracy.
Of course, if both the M-sample and 4-sample measurements are requested, UE needs to report twice, and RAN4 may study whether the measurement period for M-sample can be counted as part of that for the 4-sample.
Observation 1: Requesting both M-sample and 4-sample measurement could balance the latency and the accuracy
If a single number of measurement samples is requested, UE should anyway include the measurement results belonging to the requested number of measurement samples. However, if both M-sample and 4-sample are requested, UE needs to provide two reports, and the existing early fix framework can be useful to support such operation. In this case, LMF could set the time QoS of early fix for the M-sample PRS processing and the normal time QoS for the traditional 4-sample PRS processing, respectively.
ResponseTime ::= SEQUENCE {
	time								INTEGER (1..128),
	...,	
	[[	responseTimeEarlyFix-r12		INTEGER (1..128)		OPTIONAL		-- Need ON
	]],
	[[	unit-r15				ENUMERATED { ten-seconds, ... }	OPTIONAL		-- Need ON
	]]
}
Observation 2: The current early fix report requesting framework fits well for the case when both M-sample PRS measurement and 4-sample PRS measurement are requested.
Proposal 2:  Support LMF to explicitly request either M-sample or both M-sample and 4-sample PRS measurement, and if both are requested, UE include the M-sample in the early fix report and 4-sample in the normal location fix.

Multiple (N, T) values
The existing PRS measurement period requirement set by RAN4 include the term , where  defines the PRS duration and  corresponds the UE PRS measurement duration in msec for every  msec.

The Rel-16 UE capability allows very large N, which corresponds to a larger value of T that will increase , but the minimum value of  is 1 even if the actual PRS duration is very small because of the ceiling operator.
For Rel-17 IIoT positioning where the PRS measurement period is expected to be less than 100msec, we think a new (N, T) capability should be reported where the N value is optimized for a shorter burst of PRS, e.g. single slot, or 1 msec.
Along with the Rel-16 existing capability reporting, the measurement period requirement can be adapted dynamically, e.g. taking the smaller value between the one based on the Rel-16 (N, T) and the new Rel-17 (N, T).
Proposal 3:  Support a new set of (N, T) with N being the slot duration or 1 msec value.
· The measurement period requirement if UE supports multiple sets of (N, T) (one for Rel-16, and one for Rel-17) is adapted to be the smaller one.
· Send an LS to RAN4 to ask them to check the feasibility of the following equation.
	 
 is the periodicity of the PRS RSTD measurement in positioning frequency layer i for the jth set of PRS processing capability defined as: 




MG-less PRS processing
In RAN1#105-e [1], we made the following agreement with regard to MG-less PRS processing.
	Agreement:
· Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
· The following aspects are FFS
· PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
· Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.



The discussion for MG-less PRS processing is to be based on the following aspects.
The conditions of the three options
Positioning measurement window (PMTC)
PRS processing priority over communication
Conditions to apply
The three options for study can be categorized into the following two questions
Q1: Whether the UE may receive PRS from non-serving cells without MG.
Q2: Whether the PRS measurement bandwidth can be outside the active DL BWP.
Q1: Whether the UE may receive PRS from non-serving cells without MG.
We understand the logic of limiting the measurement to only the PRS from the serving cell, because the timing of the PRS from the non-serving cell could be misaligned, which adds up the UE processing complexity. However, it may be too restrictive to only consider the PRS from the serving cell.
To seek a balance between the network flexibility and UE complexity, we think that as long as the PRS from the non-serving cell is synchronized to the serving cell, UE should be able to process the PRS as if it were coming from the serving cell.
For the synchronization condition, the existing RAN4 spec TS 38.133 already specified such for inter-frequency SSB measurement without MG as follows [2]:
	The scheduling availability requirements when UE performs inter-frequency measurements without measurement gaps in a TDD bands on FR1 and FR2 in clause 9.3.9.3.1~9.3.9.3.3 are valid under the following conditions:
-	SFN and frame boundary across serving cell and inter-frequency neighbor cells is aligned, and
-	the timing of SSBs across serving cell and inter-frequency neighbor cells are aligned



Observation 3: It is feasible to measure PRS from neighbouring cells without MG if the timing of the neighbouring cell is aligned with the serving cell.

Q2: Whether the PRS measurement bandwidth can be outside the active DL BWP.
For Q2, we think that the PRS measurement bandwidth should be strictly confined within the current active DL BWP if there is no measurement gap, since there should be no guarantee how much excessive BW of PRS UE can handle, and the related requirement cannot be set.

In addition, we think the following question is also worth discussion as abstracted from the original proposal prior to the last agreed version.
Q3: Whether the PRS configuration bandwidth can be (partially) outside the active DL BWP.
Q2 and Q3 are highly correlated with each other, but they are different questions. For Q3, it means that whether UE should still measure the PRS without MG if the PRS configuration provides the bandwidth larger than the current active DL BWP. We think it could be feasible, in that
gNB may be triggered to switch the UE active DL BWP so that the new DL BWP can cover the PRS bandwidth. The triggering can be sent by UE upon reception of the assistance data.
UE may only process part of the PRS that is overlapped with the current active DL BWP if no DL BWP changes occurs or no MG is configured/activated upon UE request.

In summary, we think Option 2 can be adopted, with additional note to make it complete.
Proposal 4:  Support Option 2 with the modification for PRS measurement without MG.
Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP
· Note: The timing of the serving cell and the non-serving cell should be aligned.
· Note: The PRS configuration bandwidth may extend outside the active DL BWP.

PMTC measurement
For PRS measurement with MG in Rel-16, the PRS measurement window is localized in the MGL duration, so that a duty cycle of PRS processing is maintained. For PRS measurement without MG, we think a similar duty cycle window should apply, so that the PRS processing is not scattering within a PRS periodicity, as illustrated in Figure 1.
[image: ]
[bookmark: _Ref78364751]Figure 1 Situation that should be avoided for MG-less PRS measurements
In addition, in Rel-15, we have SMTC for SSB measurement; in Rel-16, we have RMTC for RSSI measurement, and we have the following 5msec window restriction for CSI-RS based RRM in [2].
	-	All CSI-RS resources on one intra-frequency layer are configured within up to two separate windows where each window is up to 5ms, and for the case of two separate windows further provided
-	The two windows are either both fully non-overlapped with MG or both partially overlapped with MG
-	The periodicity of the configured CSI-RS resources is 20ms or 40ms, and
-	The gap between two 5ms windows is half of the CSI-RS periodicity.



In summary, we think that the introduction of positioning measurement time window configuration (PMTC) is a natural and necessary solution for MG-less PRS measurement. The PMTC is a periodic window in time that may have periodicity and offset, unlike the “windows” discussed in another agendas. UE is only required to measure the PRS inside the PMTC duration if the MG is not configured. Whether PMTC is based on explicit configuration (by gNB or by LMF) or based on implicit assumption (similar to CSI-RS based RRM approach) can be further discussed.
Proposal 5:  Support PMTC for PRS measurement without MG, where UE is only required to measure the PRS inside the PMTC.
FFS explicit configuration by LMF or gNB or implicit derivation by the UE

The difference between PMTC and MG is that MG is a contiguous window where communication is not possible at least for the frequency range, which applies even for the UL symbols where UE is not receiving PRS at all. For PMTC, symbol level scheduling restriction is possible, similar to what is already defined in TS 38.133 [2] as below. In addition, the related SCell communication is still possible for PMTC even if the symbols on the PCell is used for receiving PRS, but all SCells for the UE or on the FR should suspend communication during the MG.
	9.2.5.3.1	Scheduling availability of UE performing measurements in TDD bands on FR1
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRP or SS-SINR measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, and on 1 data symbol before each consecutive SSB symbols to be measured and 1 data symbol after each consecutive SSB symbols to be measured within SMTC window duration. If the high layer in TS 38.331 [2] signalling of smtc2 is configured, the SMTC periodicity follows smtc2; Otherwise SMTC periodicity follows smtc1.
When the UE performs intra-frequency measurements in a TDD band, the following restrictions apply due to SS-RSRQ measurement 
-	The UE is not expected to transmit PUCCH/PUSCH/SRS on SSB symbols to be measured, RSSI measurement symbols, and on 1 data symbol before each consecutive SSB to be measured/RSSI symbols and 1 data symbol after each consecutive SSB to be measured/RSSI symbols within SMTC window duration. If the high layer signalling of smtc2 is configured in TS 38.331 [2], the SMTC periodicity follows smtc2; Otherwise the SMTC periodicity follows smtc1.
When TDD intra-band carrier aggregation is performed, the scheduling restrictions due to a given serving cell should also apply to all other serving cells in the same band on the symbols that fully or partially overlap with the aforementioned restricted symbols. 



The following Figure 2 shows the comparison between MG and PMTC. Inside PMTC, on the symbols not used to receive PRS, UE may still monitor PDCCH, receive PDSCH and CSI-RS, or transmit PUSCH, PUCCH, PRACH, and SRS.
[image: ]
[bookmark: _Ref78366499]Figure 2 Comparison of scheduling availability between MG-based and PMTC-based measurement

Proposal 6: Support communication in the PMTC at least for the case when the communication symbols is not overlapped with PRS symbols.
Note: This applied for the case when PRS symbol timing from the non-serving cell is aligned with that from the serving cell.
FFS: Scheduling availability on additional symbols preceding and succeeding the PRS symbols.

PRS processing priority over communication
As discussed in the Section 4.2, a general scheduling restriction should be supported on PRS symbols within the PMTC.
However, whether UE is able to process PRS and communication data on the same symbol at least when they are not overlapped in the RB-level should be discussed. For example, if the PRS to measure is only from the serving cell in FR1, the UE processing of PRS can follow the processing framework CSI-RS for CQI. In this sense, both communication and positioning can be un-interrupted, fulfill in the IIoT positioning and communication requirements at the same time.
Proposal 7: Support under UE capability the simultaneous processing of PRS only from the serving cell and data in FR1.
Proposal 8: Support scheduling restriction on PRS symbols in the PMTC if the PRS to measure concerns any non-serving cell or any cell in FR2 or if UE does not support simultaneous processing of PRS only from the serving cell and data in FR1.

MG-based PRS processing enhancement
In RAN1#105-e [1], we made the following agreement with respect to PRS measurement enhancements inside the measurement gap.
	Agreement:
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· Note: The combination of the above items is possible.



The paper discusses the item from the following two points.
Preconfiguration and MG request
In order to efficiently activate the MG via lower layers, both a proper preconfiguration by the gNB and timely indication of activation to the gNB are important.
For the preconfiguration, one issue unclear is that positioning procedure is totally transparent to the gNB while rather “dynamic”, as it is handled by the LMF. It means that a gNB may not be aware of the potential assistance data LMF selects for a specific UE, including number of frequency layers, TRP information for each positioning frequency layers, PRS configurations in the neighbouring TRPs. A gNB may not even be aware whether a UE will be measuring PRS in the future. If a gNB configures the MG for the UE that will never ever perform DL positioning measurement, e.g. because the location of the UE is never requested by any LCS client, the configuration itself would be meaningless.
Observation 4: Necessary information to assist the gNB to provide the MG preconfiguration is needed.
For the MG request, let’s assume that the gNB is somehow able to decide the MG preconfiguration and configures to the UE in advance assuming that the UE may be involved in DL positioning measurement in the future. When the LCS service is initiated and LMF decides to instigate DL or DL+UL positioning methods that requires UE to measure DL PRS, the related LPP message is transparently routed by the gNB. gNB may not even be aware that activation of a certain MG is needed.
There are two potential solutions for this:
Alt.1 The MG request is triggered by the LMF, via an NRPPa (UE-associated) message. The claimed benefit of Alt.1 is that the message can be in parallel with the LPP RequestLocationInformation message to the target UE, and thus the latency can be reduced.
· Note that the current Namf_Communication service API can support transport of LPP message (N1) and NRPPa (N2) in a single message, as shown in Table 1 of TS 29.518, but AMF needs to transport the LPP message and NRPPa message in separate NG-AP messages to the serving gNB as defined by TS 38.413.
[bookmark: _Ref78381357]Table 1 Data structures supported by the POST Request Body on this resource (Table 6.1.3.5.3.1-1 of TS 29.518)
	Data type
	P
	Cardinality
	Description

	N1N2MessageTransferReqData
	M
	1
	This contains:
-	N1 message, if the NF Service Consumer requests to transfer an N1 message to the UE or;
-	N2 information, if the NF Service Consumer requests to transfer an N2 information to the 5G-AN or;
-	both, if the NF Service Consumer requests to transfer both an N1 message to the UE and an N2 information to the 5G-AN.



Alt.2 The MG request is triggered by the UE, via lower layer signaling (e.g. UCI, UL MAC CE). The latency gain over the existing RRC LocationMeasurementIndication indication is obvious, but not significant, since the indication can only be sent when UE has successfully decoded the LPP RequestLocationInformation message.
[bookmark: _GoBack][image: ]
Figure 3 Solutions of MG request
Comparing the two alternatives, for the sake of latency reduction, we prefer to go with Alt.1.
Proposal 9:  For the MG request, only support LMF based request.

MG activation
For MG activation, we think DL MAC CE can be a valid solution. Configuring DCI-based MG activation would reserve the additional bits in the corresponding DCI(s), affecting communication service/coverage. The activation and deactivation can use a single MAC CE. The number of MGs to activate and whether simultaneous activation and deactivation of multiple MGs can be discussed later.
Whether such an MG is applicable only to positioning or can also be shared with other RRM can be discussed by RAN4, as well as the corresponding measurement requirements and procedures.
Proposal 10:  Support activation and deactivation of MG(s) from the preconfigured MGs via a MAC CE.

Conclusion
In this contribution, we have the following observations and proposals regarding positioning latency enhancement in Rel-17.
Observation 1: Requesting both M-sample and 4-sample measurement could balance the latency and the accuracy
Observation 2: The current early fix report requesting framework fits well for the case when both M-sample PRS measurement and 4-sample PRS measurement are requested.
Observation 3: It is feasible to measure PRS from neighbouring cells without MG if the timing of the neighbouring cell is aligned with the serving cell.
Observation 4: Necessary information to assist the gNB to provide the MG preconfiguration is needed.

Proposal 1: The existing NR-DL-PRS-ProcessingCapability and NR-DL-PRS-ResourceCapability should be also applied to M-sample PRS measurement.
Proposal 2:  Support LMF to explicitly request either M-sample or both M-sample and 4-sample PRS measurement, and if both are requested, UE include the M-sample in the early fix report and 4-sample in the normal location fix.
Proposal 3:  Support a new set of (N, T) with N being the slot duration or 1 msec value.
· The measurement period requirement if UE supports multiple sets of (N, T) (one for Rel-16, and one for Rel-17) is adapted to be the smaller one.
· Send an LS to RAN4 to ask them to check the feasibility of the following equation.
	 
 is the periodicity of the PRS RSTD measurement in positioning frequency layer i for the jth set of PRS processing capability defined as: 



Proposal 4:  Support Option 2 with the modification for PRS measurement without MG.
Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP
· Note: The timing of the serving cell and the non-serving cell should be aligned.
· Note: The PRS configuration bandwidth may extend outside the active DL BWP.
Proposal 5:  Support PMTC for PRS measurement without MG, where UE is only required to measure the PRS inside the PMTC.
FFS explicit configuration by LMF or gNB or implicit derivation by the UE
Proposal 6: Support communication in the PMTC at least for the case when the communication symbols is not overlapped with PRS symbols.
Note: This applied for the case when PRS symbol timing from the non-serving cell is aligned with that from the serving cell.
FFS: Scheduling availability on additional symbols preceding and succeeding the PRS symbols.
Proposal 7: Support under UE capability the simultaneous processing of PRS only from the serving cell and data in FR1.
Proposal 8: Support scheduling restriction on PRS symbols in the PMTC if the PRS to measure concerns any non-serving cell or any cell in FR2 or if UE does not support simultaneous processing of PRS only from the serving cell and data in FR1.
Proposal 9:  For the MG request, only support LMF based request.
Proposal 10:  Support activation and deactivation of MG(s) from the preconfigured MGs via a MAC CE.
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