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1 Introduction
During RAN2#116-e [1], the following agreements were made:
	Agreements:
Proposal 1: Assistance data can be (pre-)configured independently of any given LPP positioning session and thus can be reused across multiple positioning sessions.

Proposal 2: It is suggested to agree that in order to reduce positioning latency associated with signaling of assistance data (via both broadcast or dedicated signaling), pre-configured assistance data can be considered valid for usage across multiple LPP positioning sessions.

FFS spec impact from these proposals.


	Agreement:
Pre-configured assistance data (distinct from “pre-defined configuration” as discussed for on-demand PRS) refers to the DL-PRS assistance data (with associated validity criteria) that can be provided to the UE (before or during an ongoing LPP positioning session), to be then utilized for potential positioning measurements at a future time (e.g. for deferred MT-LR).  FFS whether to capture this in a spec.


	Agreement:
Proposal 8 (modified): Down-prioritize dynamic triggering of a preconfigured SRS at UE in connected mode by gNB for transmitting SRS based on measurement report provided by UE in Rel-17.


During RAN2#115-e [2], the following agreements were made
	Agreement:
Proposal 3:
Regarding the validity conditions/criteria associated with pre-configured assistance data, consider at least the following options:

( Option A: Based on a validity area (e.g. a list of cells)

( Option B: Based on a (configured) validity timer or a numerical limit on number of times it is utilized

( Option C: Based on explicit modification or release from the LMF/NG-RAN

( Option D: Based on the UE’s current location and/or the time




In this contribution, we discuss the measurement gap enhancements for latency reduction for satisfying the latency requirements targeted for Rel-17.

2  Discussion
This contribution discusses the following enhancements for latency reduction for DL-based and DL+UL based positioning:
· Enhancements for measurement gap (MG) configuration
· Enhancements for PRS prioritization and PRS measurements outside of MG
2.1   Enhancements for measurement gap configuration

As per Rel-16 DL-based positioning methods, the UE receives the PRS configuration in the assistance data from LMF transparent to gNB. In this case, it is possible that the PRS configuration received from LMF is outside of the active BWP or other measurement gaps configured in the UE. 

As such, there could be an ambiguity at the UE for determining the start timing/slot, measurement duration and periodicity for measuring the different types of PRS (e.g. aperiodic, periodic, semi-persistent) sent by gNBs/TRPs. As per existing Rel-16 procedure the UE sends a request in RRC signaling to configure a measurement gap (MG) after receiving the LPP Request for Location Info message. However, the configuration of MG results in significant latency (ranging between 13-13.5ms) [3] due to RRC signalling. 

Observation 1:  The procedure and signalling for measurement gap configuration causes significant latency

For addressing latency due to MG configuration, RAN1 has discussed different approaches, and made the following agreements during RAN1#106bis-e [4] related to fast activation of MG:
	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.

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.


During RAN1#107-e [5], the following agreements related to preconfiguration of MG were made:
	Agreement
Preconfiguration of MG(s) in RRC is supported from RAN1 perspective.

· Each MG in the preconfiguration is associated with an ID

· The information in the UL MAC CE for MG activation request by the UE can be one ID associated with the preconfiguration of the MG

· Send an LS to RAN2 and RAN3
Agreement
The DL MAC CE for MG activation indicates the ID associated with the preconfigured MG.


Furtheremore, in the LS from RAN1 [6], RAN2 was asked to take the RAN1 agreements on preconfiguration of MGs and MG activation request by the UE into account and decide (in coordination with RAN3) how gNB determines the preconfiguration of MG(s).
In essence, the two options discussed by RAN1 for supporting fast activation of MG are:
· Option 1: UE initiated MG activation 

· Option 2: LMF initiated MG activation 

In Option 1, the gNB can preconfigure multiple MG configurations in UE via RRC signalling, which can include different parameters consisting of at least start timing/slot, measurement duration, periodicity and associated ID of the MG configuration. After receiving the LPP Request for Location information message, the UE can send an MG activation request to gNB by selecting a preconfigured MG that may best align with the DL-PRS configuration. The MG activation request can be sent in an UL MAC CE can include the ID of the selected preconfigured MG. The gNB can then send the MG activation indication to UE in a DL MAC CE. 
Similarly, in Option 2 the gNB preconfigures multiple MG configurations in UE via RRC signalling. The LMF can send to gNB the DL-PRS configuration provided to the UE, including the PRS configuration associated with serving and non-serving gNBs. Based on this the serving gNB can select a suitable preconfigured MG for the UE. Next, when sending the LPP Request for Location Info message to UE, the LMF can send an MG activation request to gNB. The gNB can then send the MG activation indication to UE in a DL MAC CE, including the ID of the selected preconfigured MG.   
Proposal 1: 
RAN2 confirms preconfiguring of multiple MG configurations for positioning in UE via RRC signalling

Proposal 2: 
The parameters associated with each MG configuration preconfigured in UE includes at least start timing/slot, measurement duration, periodicity and ID of MG
With the above proposals, RAN2 needs to decide the different combinations of parameters for the measurement gap. The following observation is made :

Observation 2: 
The different combinations of MG parameters depends on the parameters used in PRS configurations
Proposal 3: 
RAN2 confirms support for activation of a preconfigured MG by gNB via DL MAC CE

Proposal 4: 
RAN2 confirms UE sends the request for MG activation to gNB in UL MAC CE which includes the ID of a preconfigured MF configuration for Option 1 (UE-initiated MG activation)
Proposal 5: 
LMF can indicate to gNB information on the DL-PRS configuration provided to UE and the request for MG activation for Option 2 (LMF-initiated MG activation)
Both Option 1 and Option 2, as discussed by RAN1, are beneficial for minimizing the latency associated with RRC signalling for configuring MG in UE, and hence, can be supported as a latency reduction enhancement. When Option 2 is supported, it is possible that the UE may not know whether to send a request for MG configuration/activation to gNB after receiving the LPP RequestLocationInformation message. 
Observation 3: 
When supporting LMF initiated MG activation, there may be ambiguity at UE on whether to send a request for MG configuration/activation to gNB after receiving the LPP RequestLocationInformation message
To address this, the LMF can provide an indication/flag to UE informing that the UE need not send an MG activation request, since the LMF can directly send the activation request to gNB. The LMF can include a ‘do no send an activation’ indication/flag to UE in the LPP Request Location Info message, for example. 
Proposal 6: 
LMF can send an indication/flag to UE in LPP message for indicating not to send a request for MG configuration/activation when Option 2 (LMF-initiated MG activation) is supported

Similar to the existing MG procedure, it is expected that the UE does not transmit/receive data/control/RS in other channels when an MG configuration is activated and DL-PRS measurements are performed. However, for sending the measurement report, the MG configuration needs to be deactivated. In this regard, the possible approaches that can be considered are as follows:
· UE initiated MG deactivation: UE sends MG deactivation request to gNB (e.g. in UL MAC CE) after performing DL-PRS measurements

· gNB initiated MG deactivation: gNB sends MG deactivation indication to UE (e.g. in DL MAC CE) 
· Deactivation Timer: MG is deactivated at UE after expiry of timer 

The use of a deactivation timer where the duration of the timer can be set to span the MG length/duration may be useful from the simplicity perspective. However, this approach may be less flexible. For realizing flexibility gains, both UE initiated and gNB initiated MG deactivation approaches may be beneficial in scenarios where the UE may send early reports prior to completing measurements of the entire DL-PRS or when the gNB needs to send certain high priority data in DL. As such, it is important to support deactivation of MG configuration either via UE or gNB initiated approaches, similar to Option 1 or Option 2 for activation of MG. 
Proposal 7: 
Support deactivation of a preconfigured MG by gNB (via DL MAC CE)or UE (via UL MAC CE)
2.2   Enhancements for PRS prioritization and PRS measurements outside of MG
The use of prioritization on whether to perform PRS measurement/reporting or data transmission/reception can provide more flexibility at UE and RAN for satisfying the low latency requirements for some positioning services. Without prioritization of DL-PRS, transmission of control/data/RS channels (e.g. PDCCH, PDSCH, CSI-RS) may take precedence over PRS, hence resulting in higher latency for positioning. 
Observation 4: 
Without prioritization of DL-PRS, the transmission of control/data/RS channels (e.g. PDCCH, PDSCH, CSI-RS) may take precedence over PRS, hence resulting in higher latency for positioning
For example, a high priority can be assigned/indicated for PRS such that the UE can perform measurements over a short duration and send the measurement report with low response time. Additionally, there is also the need for eliminating any latency due to MG configuration, at least for some low latency positioning services.  
A related approach discussed by RAN1 is on the support for PRS measurements outside of MG (i.e. MG-less PRS measurements) based on configuration of a PRS processing window. This approach eliminates the need for MG configuration and relies on the relative priority of DL-PRS with respect to other DL channels/signals (e.g. PDCCH/PDSCH/CSI-RS) for deciding whether to perform PRS measurements or receive DL channels within the PRS processing window. The relevant agreements made during RAN1#107-e [5] on the PRS processing window approach are as follows:
	Agreement
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.

· Option 1: UE may indicates support of two priority states.

· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS

· State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS

· Option 2: UE may indicate support of three priority states

· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS

· State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS

· Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.

· State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS

· Option 3: UE may indicate support of single priority state

· State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS

Note: SSB is a separate issue.

Agreement
The priority of PRS for UE supporting two priority states and three priority states can at least be indicated in RRC.

Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.

· It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.

· Note: It is up to gNB to determine the usage of measurement gap or PRS processing window

· Include it in the LS to RAN2 and RAN3.
Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported

· RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.

Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.
Agreement
At least the following parameters for PRS processing window from the gNB to the UE are supported.

· Starting slot
· Periodicity
· Duration/length
· Cell and SCS information associated with the above parameters
Discuss during the maintenance phase on the necessity of other parameters including but not limited to
· Processing type (associated with the corresponding UE capability 1A/1B/2)
· Band/CC-ID as needed depending on each scenario on which the PRS processing window is applied
· The above cell and SCS information to determine where/when the PRS processing window is applied
Note: Indication of processing type does not suggest UE indication of multiple capabilities among (1A/1B/2) is already supported, which is a separate discussion.
Note: Some of the parameters above may not be mandatory for a PRS processing window


In addition the following agreement was made in RAN1#106bis-e [4].
	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.


Furthermore, in the LS sent by RAN1 [7], RAN1 requested RAN2 to decide on whether DL MAC CE is feasible for indicating the activation of the PRS processing window.
For supporting the PRS prioritization and processing window, the UE can be preconfigured with different options for priority levels/states (e.g. 2 states or 3 states) by gNB, along with the processing window via RRC signalling. The configuration parameters for processing window can be similar with that of MG, requiring at least start time/slot, duration/length and periodicity (as agreed by RAN1) for enabling the UE to perform PRS measurements and process the report. The processing window may be advantageous over MG in terms of the ability to dynamically prioritize either DL-PRS or other channels within the processing window based on the priority indicated by gNB for the DL-PRS.   
Observation 5: 
The processing window may be advantageous over MG in terms of the ability to dynamically prioritize either DL-PRS or other channels within the processing window based on the priority indicated by gNB for the DL-PRS
In terms of procedure, the LMF may indicate the priority assigned to DL-PRS to serving gNB (based on interaction between LMF and gNB via NRPPa signalling). The gNB can take into account of the priority information to preconfigure the priority levels/states and processing window in UE. Next, the LMF can send an activation indication to gNB (via NRPPa), for example, when sending the LPP RequestLocationInformation message to UE. The gNB can then send, in a DL MAC CE, an indication to activate the processing window in UE. Once the processing window is activated, the transmission of any lower priority data can be suspended for the length/duration of the processing window.
Proposal 8: 
RAN2 confirms preconfiguring of prioritization window (with the parameters agreed by RAN1) in UE via RRC signalling
Proposal 9: 
LMF can send to gNB the priority assigned to DL-PRS via NRPPa signalling 
Proposal 10: 
Support gNB configuring the options for 2-priority states or 3-priority states in UE and providing the priority of DL-PRS to UE via RRC signalling
Proposal 11: 
RAN2 confirms support for activation of a preconfigured processing window by gNB in UE via DL MAC CE

Both preconfigured MG activation and PRS measurements outside of MG (i.e. MG-less PRS measurement) approaches are beneficial for eliminating the RRC signaling associated with MG configuration. For realizing the latency reduction benefits of both approaches, the UE can be configured with different types of DL-PRS configurations (e.g. aperiodic, periodic, semi-persistent) which can be associated to be used either with MG-less PRS measurement or preconfigured MG activation. 
The UE can use a particular approach depending on the type of PRS configuration indicated by LMF. For example, the preconfigured MG activation approach can be useful for periodic or semi-persistent PRS due to typically long measurement duration, while the MG-less PRS measurement approach can be applied for aperiodic PRS which may be associated with short/bursy measurements with high priority.     

Proposal 12: 
Support selecting and configuring an MG enhancement approach (e.g. MG-less or preconfigured MG activation) based on the type of PRS configuration (i.e. periodic, aperiodic, semi-persistent) provided to UE
Conclusion

In this contribution, the following observation were made on: 
Observation 1:  
The procedure and signalling for measurement gap configuration causes significant latency
Observation 2: 
The different combinations of MG parameters depends on the parameters used in PRS configurations
Observation 3: 
When supporting LMF initiated MG activation, there may be ambiguity at UE on whether to send a request for MG configuration/activation to gNB after receiving the LPP RequestLocationInformation message
Observation 4: 
Without prioritization of DL-PRS, the transmission of control/data/RS channels (e.g. PDCCH, PDSCH, CSI-RS) may take precedence over PRS, hence resulting in higher latency for positioning
Observation 5: 
The processing window may be advantageous over MG in terms of the ability to dynamically prioritize either DL-PRS or other channels within the processing window based on the priority indicated by gNB for the DL-PRS
Based on these observations, the following conclusions were made:
Proposal 1: 
RAN2 confirms preconfiguring of multiple MG configurations for positioning in UE via RRC signalling

Proposal 2: 
The parameters associated with each MG configuration preconfigured in UE includes at least start timing/slot, measurement duration, periodicity and ID of MG

Proposal 3: 
RAN2 confirms support for activation of a preconfigured MG by gNB via DL MAC CE

Proposal 4: 
RAN2 confirms UE sends the request for MG activation to gNB in UL MAC CE which includes the ID of a preconfigured MF configuration for Option 1 (UE-initiated MG activation)
Proposal 5: 
LMF can indicate to gNB information on the DL-PRS configuration provided to UE and the request for MG activation for Option 2 (LMF-initiated MG activation)
Proposal 6: 
LMF can send an indication/flag to UE in LPP message for indicating not to send a request for MG configuration/activation when Option 2 (LMF-initiated MG activation) is supported

Proposal 7: 
Support deactivation of a preconfigured MG by gNB (via DL MAC CE)or UE (via UL MAC CE)
Proposal 8: 
RAN2 confirms preconfiguring of prioritization window (with the parameters agreed by RAN1) in UE via RRC signalling
Proposal 9: 
LMF can send to gNB the priority assigned to DL-PRS via NRPPa signalling 
Proposal 10: 
Support gNB configuring the options for 2-priority states or 3-priority states in UE and providing the priority of DL-PRS to UE via RRC signalling
Proposal 11: 
RAN2 confirms support for activation of a preconfigured processing window by gNB in UE via DL MAC CE

Proposal 12: 
Support selecting and configuring an MG enhancement approach (e.g. MG-less or preconfigured MG activation) based on the type of PRS configuration (i.e. periodic, aperiodic, semi-persistent) provided to UE
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