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

MG-based PRS processing enhancement
In RAN1#106-e [1], we made the following agreement with respect to PRS measurement enhancements inside the measurement gap.
	Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)

Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions



The paper discusses the item from the following three points.
Preconfiguration
There had been discussion on potential preconfiguration of multiple MGs in advance, so as to activate the MG with lower signaling. However, based on our understanding, providing a configuration that is later activated may have impact on other RRM. For example, if another RRM MG is already configured (and activated), activating the preconfigured MG for positioning purpose may impact the validity of the RRM MG. It is also not clear how gNB could configure the MG in advance without knowing the actual PRS that UE is about to measure, and if gNB knows it in an on-going LCS procedure, the latency benefit is in question.
Note that RAN4 is already have a dedicated WI on preconfiguration of the MGs, and thus we suggest to request RAN4 to decide whether the preconfigured MG is applicable for positioning.
Proposal 1: Preconfiguration of MGs for the purpose of latency reduction should be up to RAN4 to decide.

MG request
Two Options were considered for MG request. 
For Option 1, the MG request is triggered by the LMF, via an NRPPa (UE-associated) message. The 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.
For Option 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. The benefit of Option 2 is that UE still has the discretion to report which PRS to measure to assist the gNB configuration of the MG as Rel-16 and as LTE.
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Figure 1 Solutions of MG request
To our understanding, since we are discussing latency improvement, network should also ensure the PRS configuration to be reasonable and feasible based on network expectance on the UE PRS processing time. In this sense, for low latency PRS processing, a careful planning of the PRS transmission scheme would result in the same PRS to measure reported by the UE as indicated by the network, and thus we think Option 1 should be adopted.
In the NRPPa message of Option 1, LMF could either provide the full configuration of the PRS that LMF expects UE to measure or indicate the time span and frequency information of the PRS measurement (similar to LocationMeasurementIndication reported by the UE). Other information, e.g. expected reporting time, can also be indicated to the gNB to facilitate the scheduling of the reporting.
Proposal 2:  For the MG request, only support LMF based request, and the request may indicate either one of the following:
Full configuration of PRS for the UE to measure
Time span and frequency information of the PRS measurement

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 MAC CE could indicate the MG patterns as defined by TS 38.133 [2]. 
Proposal 3:  Support activation and deactivation of MG(s) via a MAC CE.
The MAC CE can include the MG pattern ID defined in TS 38.133.
The only information that is missing is the MG offset. To reduce latency and decrease the signaling overhead, the adaptive offset could be considered for MG activation. With the adaptive offset, UE activates the MG at the slot or subframe of the first PRS reception occasion after the PUCCH transmission for the HARQ information of the PDSCH that carries the MAC CE signaling of the MG configuration. The scheme can be elaborated as the following:
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Figure 2: MG activation by MAC CE signaling
In slot T1, UE receives the DCI from the gNB that schedules the PDSCH and PUCCH.
In slot T2, UE receives the PDSCH which carries the MAC CE signaling.
In slot T3, UE sends the HARQ info via the PUCCH to the gNB. 
If ACK is transmitted in T3, it means that the MAC CE signaling has been successfully received. UE can activate the first MG at the time T4, which corresponding to the first PRS reception occasion after T3. T4 can be determined to be the next PRS occasion after the PUCCH. However, given that 3ms UE MAC CE processing is generally assumed in NR, T4 should be larger than T3+3ms. With the MG pattern ID indicated in the MAC CE, the MG length and repetition period associated with the pattern ID can be used to activate the each of following MG occasions.
If NACK is transmitted in T3, the re-transmission will be initiated. Nonetheless, UE could still calculate the MG activation time of the first MG and the following MG according to the above methods based on T3. In this case, larger latency will be introduced.
Proposal 4:  Support MG(s) activation by MAC CE with adaptive offset.
The adaptive offset is determined to be the first subframe containing the next PRS measurement occasion after T+3ms, where T corresponds to the slot containing the PUCCH carrying the HARQ-ACK for the initial transmission of the DL MAC CE.

MG-less PRS processing
In RAN1#106-e [1], we made the following working assumption with respect to PRS measurement enhancements outside the measurement gap.
	Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.



The paper discusses the item from the following three points.
Unified framework with MG-based measurement
Since the PRS measurement window is used to determine the scheduling between other DL signals and PRS reception, it should be natural to be configured by the gNB.
Then for both MG-based and MG-less PRS measurement, there are a couple of commonalities:
gNB needs to know the PRS that the UE is about to measure (the same request)
gNB needs to provide/activate the MG/window to the UE
We think what is adopted in MG-based PRS measurement can be directly used for MG-less PRS measurement, and this includes
The same request from the LMF
The same activation/deactivation MAC CE from the gNB
Different from the MG, additional priority indicator should be provided for the UE also by the gNB, so that UE is able to determine the priority between PRS and other DL signals/channels.
Proposal 5:  Support 
To reuse the MG request by the LMF for the purpose of PRS measurement window configuration determination by the gNB
To reuse the MG activation/deactivation MAC CE by the gNB for the purpose of PRS measurement window activation/deactivation.
To add priority indication for PRS over other DL channels/signals in the MAC CE, if the MAC CE activates the PRS processing window.

Conditions to apply
For the bullets on serving cell only or also applicable to non-serving cell, 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 using a single FFT
For the synchronization condition, the existing RAN4 spec TS 38.133 already specified such for inter-frequency SSB measurement without MG as follows [1]:
	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



There is also an ongoing discussion on multi-TRP enhancement with PDSCH QCLed with the SSB from a non-serving cell.
Observation 1: It is feasible to measure PRS from neighboring cells without MG if the timing of the neighboring cell is aligned with the serving cell.

In summary, we think Alt. 2 can be adopted, with additional note to make it complete.
Proposal 6:  Support PRS measurement outside MG for the PRS from the non-serving cell if the timing of the serving cell and the non-serving cell can be aligned.
Note: This means that UE may use single FFT to process the PRS from the serving cell and non-serving cells.

Switching between MG-less and MG-based
According to the previous discussion, the same request and activation can be used. Then it should be up to gNB whether to activate a MG, or activate a PRS window, or does nothing. gNB could even switch DL BWP for the UE so that the new DL BWP can cover the PRS bandwidth, e.g. using BWP switching DCI with PDSCH carrying the MAC CE transmitted in the new BWP.
If no activation MAC CE is received by the UE, UE could fallback to Rel-16 behavior by sending LocationMeasurementIndication to the gNB for MG configuration. Of course, gNB could still use fast activation command, instead of resorting to Rel-16 RRC configuration of MG.
Proposal 7: If UE does not receive the activation MAC CE, UE may fallback to Rel-16 by sending the LocationMeasurementIndication to the gNB for MG configuration. 

Conclusion
In this contribution, we have the following observations and proposals regarding positioning latency enhancement in Rel-17.
Observation 1: It is feasible to measure PRS from neighboring cells without MG if the timing of the neighboring cell is aligned with the serving cell.
Proposal 1: Preconfiguration of MGs for the purpose of latency reduction should be up to RAN4 to decide.
Proposal 2:  For the MG request, only support LMF based request, and the request may indicate either one of the following:
Full configuration of PRS for the UE to measure
Time span and frequency information of the PRS measurement
Proposal 3:  Support activation and deactivation of MG(s) via a MAC CE.
The MAC CE can include the MG pattern ID defined in TS 38.133.
Proposal 4:  Support MG(s) activation by MAC CE with adaptive offset.
The adaptive offset is determined to be the first subframe containing the next PRS measurement occasion after T+3ms, where T corresponds to the slot containing the PUCCH carrying the HARQ-ACK for the initial transmission of the DL MAC CE.
Proposal 5:  Support 
To reuse the MG request by the LMF for the purpose of PRS measurement window configuration determination by the gNB
To reuse the MG activation/deactivation MAC CE by the gNB for the purpose of PRS measurement window activation/deactivation.
To add priority indication for PRS over other DL channels/signals in the MAC CE, if the MAC CE activates the PRS processing window.
Proposal 6:  Support PRS measurement outside MG for the PRS from the non-serving cell if the timing of the serving cell and the non-serving cell can be aligned.
Note: This means that UE may use single FFT to process the PRS from the serving cell and non-serving cells.
Proposal 7: If UE does not receive the activation MAC CE, UE may fallback to Rel-16 by sending the LocationMeasurementIndication to the gNB for MG configuration. 
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