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[bookmark: _Ref4510574]Introduction
In 3GPP RAN#90-e, a work item for Rel-17 NR positioning enhancements was approved and was updated in RAN#91-e [1]. One of the objectives of Rel-17 positioning WI, is to specify solutions to reduce positioning latency, as it can be found below [1]:

· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]

In this contribution, we present our views on potential techniques and required signalling to reduce NR positioning latency.

Latency Reduction for NR Positioning 
PRS measurements outside MG 

To reduce latency, PRS measurement without MG configuration and/or outside MG was discussed in RAN1#105e, and also in RAN1#106e. The following working assumption was agreed in RAN1#106e [2]:

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.

RAN1 continued the discussion on latency reduction for MG-less PRS measurement, where the following agreement was made in RAN1#106b-e [3]:
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.


Further, with regards to how PRS processing window is indicated and how UE determines the PRS priority in respect to other DL signal/channels within the PRS processing window for PRS measurement outside the MG, it was agreed in RAN1#106-be that the indications come from gNB [3]:
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.

One remaining open aspect is about PRS prioritization and more precisely for the case that PRS is indicated to be higher priority within the PRS processing window. In this case, the question is on UE behaviour/expectation on which other DL signals/channels are considered lower priority than PRS. In our view, given that some coordination between gNBs for PRS configuration within the PRS processing window is inevitable, it can be managed that PRS within the processing window not to overlap with dynamic signals/channels. Thus, UE is not expected to be dynamically indicated to receive other DL signals/channels within PRS processing window for Capability 1A/1B, or overlapping with PRS for Capability 2. On the other hand, and for configured DL signals/channels, although overlap is allowed but UE is not expected to receive other DL signals/channels within the PRS processing window. We have the following proposal:

Proposal 1: If PRS is indicated to be high priority, 
· UE is not expected to receive other configured DL signals and channels, except SSB
· UE does not expect to be dynamically scheduled a DL signal/channel within the PRS processing window

To keep the specification manageable at this late phase, the same proposal is applicable to both eMBB and URLLC traffic types.
  

Latency reduction for MG-based PRS measurements 
In addition to MG-less enhancements, RAN1 also discussed proposals on latency reduction for MG-based PRS measurements. For UE demanding a MG, two options were on the table where in RAN1#106b-e it was narrowed down to demand on UL MAC-CE, as follows [3]:

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

Also, for MG activation it was agreed the procedure is carried over DL MAC-CE signaling, where the signaling payload is left for further study [3]:
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.
 
In our view, multiple measurement gaps can be pre-configured to UE, e.g., through RRC signaling, where each configuration is associated with a MG-ID. Then, UE may demand the MG configuration to be activated by flagging on the bit in UL MAC-CE which is associated to the MG-ID. Similarly, DL MAC-CE can indicate which MG is activated by simply turning to 1 the associated bit in DL MAC-CE. An example of the procedure is given by Fig. 1.



Figure 1: MAC-CE structure for UL demand and/or DL activation
 

Note that under this notation, Ci is set to 1 if the ith MG configuration is demanded (for UL MAC-CE) or activated (for DL MAC-CE). Based on what we discussed, the following is proposed:

Proposal 2: DL (UL) MAC-CE contains indication of which MG-ID is activated (demanded) 

In our view, MG-based positioning with some lower layer signaling to reduce latency should be coupled with A/SP-PRS configuration/demand/activation. Otherwise, the misalignment between MG and PRS reception is a well-known source of latency, as observed within the SI phase. While with joint configuration of MGs and PRSs, where MG is tied with A-PRSs associated with a MG, such misalignment issue is resolved. We have the following proposal:

Proposal 3: NW provides assistance data to UE, based on which UE is configured with one or more MG configurations and A-PRS resources associated with each MG. 
· Once MG is activated, the A-PRS associated with MG is consequently activated as well

One remaining aspect is about the deactivation procedure for an activated MG. In our view, MG availability can be configured as part of MG configuration, so no further signaling is needed to deactivate the activated configured MG.

Proposal 4: Associate each new MG configuration with a life cycle after which the MG will be deactivated automatically with no further signaling/indication from gNB is required. 

Latency reduction for UE to report positioning measurement 
Another source of positioning latency corresponds to the time that UE needs to be granted with an UL resource to transmit PUSCH, which carries positioning measurements. At worst, UE may need to send SR, gNB receive and process the SR, next gNB sends a PDCCH to schedule UE with a dynamic PUSCH. For some scenarios, the PUSCH resource to report PRS measurement can be associated with other signalings, so no further indication from network is needed. An example is once UE is indicated to perform PRS measurement within PRS processing window, the configuration of PRS processing window includes PUSCH resource determination, which is tied with the end of processing window with a configured Nx symbols from the last PRS symbol within window, as shown in Figure 2, or Ny symbols after the end of processing window. Indeed, the matter was discussed in RAN1#105-e, where some companies were against to define a prescheduled UL resources to carry the LPP measurement report. While the benefit of similar enhancements in cutting the SR/BSR and reducing latency is already observed by RAN1 within the SI phase, some opponents of such enhancements think that the feature should be left to RAN2. Here it should be noted that RAN1 is also an assigned WG to this objective. Besides, RAN1 shall discuss phy-layer aspects related to this feature, like minimum number of symbols, based on UE capability, between the last PRS symbol and PUSCH grant, etc.   

Based on what we discussed above, we have the following proposal:

Proposal 5: NW configures (as part of MG configuration or PRS processing window configuration) PUSCH resource for UE to report positioning measurements and/or location information
· The grant is specifically configured for positioning measurement report, e.g. Nx symbols after the end of last symbol of last DL-PRS resource, or after the end of MG on duration/PRS processing window
· Nx is determined based on UE capability
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Figure 2: PUSCH resource indication for UE to report positioning measurement, as part of MG configuration or PRS window configuration.


Conclusions
In this contribution, we provided our thoughts on potential techniques to reduce the positioning latency for the NR positioning techniques. Based on views shared in this paper, we make the following proposals:

Proposal 1: If PRS is indicated to be high priority, 
· UE is not expected to receive other configured DL signals and channels, except SSB
· UE does not expect to be dynamically scheduled a DL signal/channel within the PRS processing window

Proposal 2: DL (UL) MAC-CE contains indication of which MG-ID is activated (demanded) 

Proposal 3: NW provides assistance data to UE, based on which UE is configured with one or more MG configurations and A-PRS resources associated with each MG. 
· Once MG is activated, the A-PRS associated with MG is consequently activated as well

Proposal 4: Associate each new MG configuration with a life cycle after which the MG will be deactivated automatically with no further signaling/indication from gNB is required. 

Proposal 5: NW configures (as part of MG configuration or PRS processing window configuration) PUSCH resource for UE to report positioning measurements and/or location information
· The grant is specifically configured for positioning measurement report, e.g. Nx symbols after the end of last symbol of last DL-PRS resource, or after the end of MG on duration/PRS processing window
· Nx is determined based on UE capability
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