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Introduction
In this paper, we discuss the remaining issues of positioning latency improvements.

MG-based PRS measurement
MG activation request
In RAN1#106b-e, we made the following agreements with respect to MG activation request [1].
	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE

Agreement:
Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.



On the request for MG-based measurement, we think the current NR-PRS-MeasurementInfoList in RRC LocationMeasurementIndication can be reused, so that gNB understands the frequency information and time window information of the PRS.
	NR-PRS-MeasurementInfoList-r16 ::= SEQUENCE (SIZE (1..maxFreqLayers)) OF NR-PRS-MeasurementInfo-r16

NR-PRS-MeasurementInfo-r16 ::=      SEQUENCE {
    dl-PRS-PointA-r16                   ARFCN-ValueNR,
    nr-MeasPRS-RepetitionAndOffset-r16  CHOICE {
        ms20-r16                            INTEGER (0..19),
        ms40-r16                            INTEGER (0..39),
        ms80-r16                            INTEGER (0..79),
        ms160-r16                           INTEGER (0..159),
        ...
    },
    nr-MeasPRS-length-r16               ENUMERATED {ms1dot5, ms3, ms3dot5, ms4, ms5dot5, ms6, ms10, ms20},
    ...
}



Proposal 1: Support inclusion of the following information in the NRPPa message and UL MAC CE for MG activation request.
PRS point A
PRS measurement periodicity and offset
PRS measurement length

For UL MAC CE based MG activation request, we think that there may be inter-operability issue when it comes to e.g. UE supporting this feature and gNB not supporting this feature. Therefore, we think using UL MAC CE for fast MG activation request should be enabled by gNB.
Proposal 2: Introduce a new parameter in RRC to enable/disable the MG activation request using UL MAC CE.

MG activation and preconfiguration
In RAN1#106b-e, we made the following agreements with respect to MG activation [1].
	Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process

Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.



It was agreed that the preconfiguration of MGs are jointly considered when deciding the DL MAC CE payload.
There was a proposal to carry all the MG configuration parameters in RRC directly into DL MAC CE so that no preconfiguration of MGs is needed. However, this may have some security issues.
MAC layer does not have any security mechanism, and this would lead to exposure of configuration parameters un-protected.
There was also concern raised by RAN2, e.g. R2-2109663 [2], claiming the following reasoning
	1. 
1. 
1. 
1. In addition, as per the RAN1 agreement, a DL MAC CE also needs to be supported, whereby the gNB can activate or deactivate the MG at the UE. The gNB can explicitly indicate the activation or deactivation of a specific MG configuration from the set of pre-configured MG configuration sets at the UE. Alternatively, it seems some companies in RAN1 think that DL MAC CE can also be used to carry the actual MG configuration directly to the UE. However, we think that this option should be excluded since from RAN2 perspective, such configuration should be provided via RRC signaling.



If the DL MAC CE can contain the full MG information, it indeed could cause some issues, e.g. a fake gNB/UE may generate a false MAC CE for a victim UE to block its communication if the L1/L2 security, if any, were compromised.
On other hand, using RRC configuration and MAC CE to select one has been quite common in communication, and less security issue has identified. The question is how RRC could provide/predict the MG preconfiguration in advance without even knowing if the UE will be positioned in the future, so that the RRC configuration will not consume time during the LCS procedure to reduce the latency.
To our understanding, the deployment of low latency feature could be restricted to the gNBs in certain areas, and the PRS information (including the PRS from the neighbouring cells) for the UE to measure for low latency positioning can be preconfigured by OAM/network implementation to the gNB only within the areas. With such a feature configured to the gNB, the gNB could preconfigure the MGs for the UE that supports fast MG activation (DL MAC CE) after capability exchange, regardless of whether this UE will be requested by the LMF to measure the PRS.
Observation 1: The preconfiguration of MGs could be possible for the gNB supporting the low latency feature deployed within a certain area and the provision could be only to the UE that supports the DL MAC CE based MG activation.
The preconfiguration of MGs can also be utilized with the predefined assistance data assuming gNB and LMF have some coordination in advance. However we believe this can be discussed by RAN2, since they are developing the feature of predefined configuration of assistance data.
The DL MAC CE could select the MG pattern index configured in RRC, with the 3ms activation delay after the PUCCH carrying the ACK to the DL-SCH for the DL MAC CE as all the other DL MAC CEs.
The maximum number of preconfigurations of MGs can be set to 8 for the cases of 4 positioning frequency layers with additional 4 reserved for future usages. The preconfigured MG should be assumed “deactivated” upon configuration, and the activation can only be done after receiving the DL MAC CE.
The MAC CE could provide the bit map in terms of activation/deactivation status of each MG, but in Rel-17, whether multiple MGs could be activated at the same time could be discussed by RAN4, and at least from RAN1 perspective, there is no such need to activate more than one MG for positioning at the same time. The bitmap, however, can be used to activate one MG while deactivate another at the same time, while still keeping the maximum one being activated.
Based on the discussion, we have following proposal for preconfiguration of MGs and DL MAC CE payload.
Proposal 3: Support preconfiguration of up to 8 MGs in RRC and DL MAC CE to provide the bitmap of the activation/deactivation status of each MG.
The preconfigured MGs are by default deactivated.
From RAN1 perspective, at most a single preconfigured MG among all preconfigured MGs can be activated for the purpose of PRS measurement at any given time.
Send an LS to RAN2 and RAN4.

MG-less PRS
Synchronization between PRS from the serving cell and non-serving cell
In RAN1#106b-e, we made the following agreements with respect to PRS measurement outside MG [1].
	Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.



There was discussion on how UE could identify whether the PRS from the non-serving cell is synchronized to the serving cell without taking measurement at all. Our understanding is that if this happens in RRC_CONNECTED, network should ensure the synchronization, since otherwise gNB should use MG-based measurement.
On the other hand, if RAN4 only defines the performance requirement for the case that the PRS from the serving cell and non-serving cells are synchronized, UE will not need any additional information/assumption at all, and instead UE could simply “assume” that the PRS are synchronized, because there is no requirement if otherwise.
Proposal 4: UE may assume that the PRS from the serving cell and non-serving cell are synchronized if the PRS processing window is indicated by the gNB.
Note: The threshold of Rx timing difference between PRS from the non-serving cell and that from the serving cell is CP length of the active DL BWP of the serving cell on the PRS frequency.
Send an LS to RAN4 informing that 
· RAN1 understands that UE performance requirement for PRS measurement outside MG may only target the synchronization condition.

For the FFS part on symbol level overlapping between PRS from the serving cell and PRS from the non-serving, we believe that a simple solution is to allow LMF to provide the full PRS configuration to the serving gNB for the UE to measure so that the serving gNB understands symbols on which UE may receive the PRS from the non-serving cell so as to make a proper decision on scheduling to avoid collision.
Observation 2: LMF could provide the full PRS configuration to the gNB for the UE to measure to allow gNB to determine the symbol-level scheduling availability.

PRS processing window and priority request
In RAN1#106b-e, we made the following agreements with respect to PRS processing window and priority indication.
	Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.



To enable this, there should be some coordination between LMF and gNB, similar to LMF based MG activation request. 
Observation 3: The LMF-based MG activation request can be reused for assisting gNB determining the PRS processing window indication similar to MG activation.
On top of that, as discussed in the previous section, to allow gNB to be aware of symbol level scheduling availability of Capability 2 UE, a full PRS configuration, instead of the PRS span should be useful. The full configuration could also provide the PRS bandwidth and numerology information for the gNB to decide whether BWP switching is required.
Proposal 5: Support LMF-based PRS processing window request, where the full PRS configuration is provided to the serving cell.
This can be in the same NRPPa message used for MG activation request.

For priority indication, we think that the NRPPa message could also provide the information to assist gNB to set the PRS priority. The information could indicate that the low latency PRS measurement is desired with potential expected measurement latency by the LMF. gNB could take that into account when indicates the PRS priority to the UE.
Proposal 6: Support LMF to recommend the expected PRS measurement latency to the gNB to facilitate gNB setting the priority of PRS against other signals and channels.

PRS processing window and priority indication
In RAN1#106b-e, we made the following agreements with respect to PRS processing window and priority indication.
	Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.



Similar to the MG preconfiguration/activation, we think that the PRS processing window can be preconfigured in RRC and activated by DL MAC CE using the same logic.
Different from MG configuration, the PRS processing window could be provided per BWP per CC, and multiple windows could be activated at the same time. In addition, the priority indicator should also be provided.
Proposal 7: Support preconfiguration of a PRS processing windows in RRC per BWP and DL MAC CE to provide the bitmap of the activation/deactivation status of each PRS processing window.
The preconfigured PRS processing windows are by default deactivated.
From RAN1 perspective, multiple preconfigured PRS processing windows can be activated for the purpose of PRS measurement.
Send an LS to RAN2.
For priority, we assume that this may not be preconfigured, but rather dynamically determined by the gNB based on information from the LMF, and thus a single bit priority indicator applied to all active PRS processing window should be prioritized in Rel-17.
Proposal 8: A single priority indicator for PRS is included in the DL MAC CE to activate the PRS processing window.
Note: the priority applies to the PRS on frequencies that satisfies the condition of PRS measurement outside MG.

DL signals/channels to consider
For the FFS on DL signals and channels subject to further consider, we have the following understanding.
Based on Rel-16 behaviour, PRS will not be received on the symbols with SSB from the same serving/non-serving cell.
We already agreed that MG sharing with other RRM is up to RAN4 to decide.
Therefore, with respect to special handling of SSB, we think that the principle is that for both CD-SSB and SSB detected/to be detected in SMTC (for RRM), UE should measure SSB on PRS symbols if there is an overlap. The decision can be revisited if RAN4 identifies any requirement to drop the SSB measurement for PRS reception outside MG.
Proposal 9: For the specially handling of SSB, both CD-SSB and SSB in SMTC should be prioritized over PRS within the PRS processing window.

For other signals and channels, we suggest to only adopt the binary indicator regardless of eMBB data or URLLC data for the timely completion of Rel-17.
Proposal 10: Support binary indicator to select either from the following two priority states.
PRS is higher priority than PDCCH, PDSCH, and CSI-RS.
PRS is lower priority than PDCCH, PDSCH, and CSI-RS.

On the UE behaviour corresponding to different capabilities, it is summarized in the following table based on the current working assumption.
Table 1 UE behaviour corresponding to different priority status
	
	PRS is higher priority
	PRS is lower priority

	PRS prioritization processing capability 1A
	UE is not expected to monitor PDCCH, receive PDSCH, or receive CSI-RS on all CCs including SCG if configured within any activated PRS processing window that contains the target PRS.
	X1

	PRS prioritization processing capability 1B
	UE is not expected to monitor PDCCH, receive PDSCH, or receive CSI-RS on the CC/BWP that contains the target PRS within the PRS processing window.
	X2

	PRS prioritization processing capability 2
	UE is not expected to monitor PDCCH, receive PDSCH, or receive CSI-RS on PRS symbols of the CC/BWP that contains the target PRS within the PRS processing window.
	X3



However the cells X1, X2, and X3 needs some clarification on UE behaviour.
For UE PRS prioritization processing capability 1 (1A and 1B), if PRS is higher priority than data, the dropping of data is within the entire window. If PRS is lower priority than data, it is not decided how the collision is defined. For example
For capability 1A, if there is any PDCCH/PDSCH within the window on another band/CC, will PRS be dropped? 
For capability 1B, if there is any PDCCH/PDSCH within the window on the same band/CC, but not on overlapping symbols, will PRS be dropped?
Our preference on X1 for the sake of simplicity is to define PRS measurement dropping within the entire PRS processing window if there any PDCCH monitoring or PDSCH/CSI-RS reception within the window regardless of which BWP/CC, as shown in Figure 1.
Our preference on X2 for the sake of simplicity is to define PRS measurement dropping within the entire PRS processing window if there is any PDCCH monitoring or PDSCH/CSI-RS reception within the window on the target BWP/CC, as shown in Figure 2.
For X3, it is not clear why there is any need to indicate the PRS priority, since PRS and data are generally assumed to be TDMed for a single CC. If PRS is lower priority than data, there would be substantial specification impact to handle this, e.g. collision between default PDSCH receive beam and PRS Rx beam for FR2, PDSCH rate match, etc.
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[bookmark: _Ref86755335]Figure 1 Dropping of PRS measurement if there is overlap between PDCCH/PDSCH/CSI-RS and the PRS processing window for capability 1A
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[bookmark: _Ref86756422]Figure 2 Dropping of PRS measurement if there is overlap between PDCCH/PDSCH/CSI-RS and the PRS processing window for capability 1B
With the above said, we have the following proposal.
Proposal 11: For UE supporting PRS prioritization processing capability 1 (1A/1B), if the PRS has lower priority than data, UE is not expected to receive PRS within an occasion of the PRS processing window, if the occasion overlaps with PDCCH monitoring, or PDSCH/CSI-RS reception on the same or different CC (capability 1A), or on the same CC (capability 1B).
Proposal 12: For UE supporting PRS prioritization processing capability 2, PRS is always assumed to be higher priority than data within the PRS processing window on the target CC.

Handling of MG-based and MG-less measurements
With the above discussion, we think the unified framework could be consider for MG-based and MG-less measurement, as shown in Figure 3.

[image: ]
[bookmark: _Ref86499973]Figure 3 Unified framework to handle MG-based and MG-less PRS measurement

Step 0. gNB provides UE with the preconfigured MG and/or PRS processing window (PPW).
Step 1. gNB receives the indication from LMF to request activation of MG/PPW containing the PRS measurement information (1a), or the indication from UE to request activation of MG containing the PRS measurement information in the UL MAC CE(1b), or the legacy location measurement indication from UE in RRC (1c).
Step 2. gNB determines whether the PRS measurement is inside MG or inside PPW.
Note: if the bandwidth/numerology of the current active DL BWP is not aligned with PRS resulting in the condition of PRS measurement outside MG not satisfied, gNB may decide the switch the DL active BWP.
Step 3. gNB activates the MG or PPW based on preconfigured MG/PPW with a DL MAC CE (3a) or configures the MG by the legacy means in RRC.
Note: if the activated MG or configured MG is not sufficient for PRS measurement, UE may instigate step 1b/1c to request for a different MG.

The handling of MG-less PRS measurement not satisfied can be handled by gNB. For example, if gNB decides to do PRS measurement outside MG, by indicating PRS processing window instead of measurement gap, gNB could switch BWP to satisfy the condition.
If UE is taking PRS measurement already outside MG, and gNB changes BWP during the process, UE may request for measurement gap and suspend the PRS measurement.
In summary, we do not see any need to handle the condition of PRS measurement outside MG not being satisfied at UE beyond what is already captured in Figure 3.
Proposal 13: Support UE to request MG configuration or MG activation by the existing means if the MG-less PRS measurement condition is not satisfied.
Note: It is already Rel-16 behaviour that UE may request MG configuration if the current MG is not sufficient for PRS measurement.

PRS processing optimization
There was discussion on PRS processing capability optimization within the PRS window, with the following proposals to consider [3].
	1. For PRS measurement inside the PRS processing window, consider one of the following processing optimization for latency reduction:
0. Alt. 1
0. During the first part of the window with duration of at least L-(T-N) msec, up to N msec of PRS symbols are expected to be buffered, where L is the duration of the PRS processing window.
0. The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
0. UE is not expected to be configured a PRS processing window with duration smaller than T (i.e. L>T).
0. Alt. 2
1. During the first part of the window with duration of at least N msec, up to N msec of PRS symbols are expected to be buffered.
1. The UE is expected to be capable of reporting measurements derived on the PRS measured in the first window after T-N msec from the end of first part of the PRS processing window.
1. FFS: whether it is allowed N+T >= Processing window
0. Alt. 3 UE has to report its capability of PRS computation time (Tcompute) 
2. A time span (Tspan) is calculated from an end of the latest DL PRS resource in the PRS processing window that is used for a location information report to the end of the PRS processing window 
2. The value of Tspan is not expected to be smaller than the PRS computation time (Tcompute) .



With low latency PRS processing, we do not think PRS processing window or MG should be extended to cover the “PRS processing period”, instead it should be aligned with Rel-16 that MG covers the PRS buffering including RF retuning time. The problem of the extension is that how long after PRS buffering should be reserved is not easy to predict, and will result in unnecessary scheduling restriction.
Observation 4: It is difficult for the gNB/LMF to predict how long the MG or PRS processing window should be extended to cover the PRS processing period in addition to the buffering period.
Since the PRS measurement period is directly related to the assistance data, it can be resolved by providing a proper assistance data to yield an expected low latency measurement requirement, we prefer to leave all up to network implementation.
In summary, we have the following proposal.
Proposal 14: MG or PRS processing window should not be extended to cover the processing period, and no additional enhancement with respect to Rel-16 measurement period optimization is considered in RAN1.

Conclusion
In this contribution, we have the following observations and proposals regarding enhancements to improve positioning latency in Rel-17.
Observation 1: The preconfiguration of MGs could be possible for the gNB supporting the low latency feature deployed within a certain area and the provision could be only to the UE that supports the DL MAC CE based MG activation.
Observation 2: LMF could provide the full PRS configuration to the gNB for the UE to measure to allow gNB to determine the symbol-level scheduling availability.
Observation 3: The LMF-based MG activation request can be reused for assisting gNB determining the PRS processing window indication similar to MG activation.
Observation 4: It is difficult for the gNB/LMF to predict how long the MG or PRS processing window should be extended to cover the PRS processing period in addition to the buffering period.

Proposal 1: Support inclusion of the following information in the NRPPa message and UL MAC CE for MG activation request.
PRS point A
PRS measurement periodicity and offset
PRS measurement length
Proposal 2: Introduce a new parameter in RRC to enable/disable the MG activation request using UL MAC CE.
Proposal 3: Support preconfiguration of up to 8 MGs in RRC and DL MAC CE to provide the bitmap of the activation/deactivation status of each MG.
The preconfigured MGs are by default deactivated.
From RAN1 perspective, at most a single preconfigured MG among all preconfigured MGs can be activated for the purpose of PRS measurement at any given time.
Send an LS to RAN2 and RAN4.
Proposal 4: UE may assume that the PRS from the serving cell and non-serving cell are synchronized if the PRS processing window is indicated by the gNB.
Note: The threshold of Rx timing difference between PRS from the non-serving cell and that from the serving cell is CP length of the active DL BWP of the serving cell on the PRS frequency.
Send an LS to RAN4 informing that 
· RAN1 understands that UE performance requirement for PRS measurement outside MG may only target the synchronization condition.
Proposal 5: Support LMF-based PRS processing window request, where the full PRS configuration is provided to the serving cell.
This can be in the same NRPPa message used for MG activation request.
Proposal 6: Support LMF to recommend the expected PRS measurement latency to the gNB to facilitate gNB setting the priority of PRS against other signals and channels.
Proposal 7: Support preconfiguration of a PRS processing windows in RRC per BWP and DL MAC CE to provide the bitmap of the activation/deactivation status of each PRS processing window.
The preconfigured PRS processing windows are by default deactivated.
From RAN1 perspective, multiple preconfigured PRS processing windows can be activated for the purpose of PRS measurement.
Send an LS to RAN2.
Proposal 8: A single priority indicator for PRS is included in the DL MAC CE to activate the PRS processing window.
Note: the priority applies to the PRS on frequencies that satisfies the condition of PRS measurement outside MG.
Proposal 9: For the specially handling of SSB, both CD-SSB and SSB in SMTC should be prioritized over PRS within the PRS processing window.
Proposal 10: Support binary indicator to select either from the following two priority states.
PRS is higher priority than PDCCH, PDSCH, and CSI-RS.
PRS is lower priority than PDCCH, PDSCH, and CSI-RS.
Proposal 11: For UE supporting PRS prioritization processing capability 1 (1A/1B), if the PRS has lower priority than data, UE is not expected to receive PRS within an occasion of the PRS processing window, if the occasion overlaps with PDCCH monitoring, or PDSCH/CSI-RS reception on the same or different CC (capability 1A), or on the same CC (capability 1B).
Proposal 12: For UE supporting PRS prioritization processing capability 2, PRS is always assumed to be higher priority than data within the PRS processing window on the target CC.
Proposal 13: Support UE to request MG configuration or MG activation by the existing means if the MG-less PRS measurement condition is not satisfied.
Note: It is already Rel-16 behaviour that UE may request MG configuration if the current MG is not sufficient for PRS measurement.
Proposal 14: MG or PRS processing window should not be extended to cover the processing period, and no additional enhancement with respect to Rel-16 measurement period optimization is considered in RAN1.
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