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In this contribution we identify some defects with the current specification of the PRS Processing Window (PPW) procedures and propose to unify the procedures for pre-configuration and activation/deactivation of measurement gaps for positioning and PRS processing windows.

Note, this contribution is also submitted to RAN2#118-e in R2-2205764. 

2.	Issues with PRS Processing Window Procedures
The procedure for the pre-configuration and activation of PRS processing windows is specified in subclause 7.8 of TS 38.305 [1] as follows.




1.	The LMF provides the PRS information of the neighbour TRPs to the serving gNB and requests the serving  gNBs to pre-configure PRS processing window configuration(s) via NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message.
2.	Based on the assistance information from the LMF and the UE capability, the serving gNB provides pre-configured PRS processing window configuration(s) with associated ID(s) to the UE by sending RRC Reconfiguration message specified in TS 38.331.
3.	The UE sends RRC Reconfiguration complete message to the gNB to confirm the reception of pre-configured PRS processing window configuration.
4.	The gNB sends the confirmation message to the LMF to indicate the success of the pre-configuration via NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message.
5.	The LMF sends the NRPPa MEASUREMENT ACTIVATION message to request the gNB to (de)activate the preconfigured PRS processing window.
6.	Based on the request from the LMF in step 5, the gNB sends DL MAC CE PPW Activation/Deactivation Command containing an ID to activate the associated PRS processing window.

The pre-configuration Steps 1-4 need to occur in advance (e.g., during a location preparation phase), and the activation Steps 5-6 should happen "simultaneously" with any LPP Request Location Information message. Note also, that an activated PPW (or MG) need to be deactivated once the positioning procedure has been completed.

The NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message is specified in TS 38.455 [2] and is used to request pre-configuration of both, measurement gaps and PRS processing windows (subclause 8.2.12):
	"The Measurement Preconfiguration procedure allows the LMF to provide necessary information to the serving gNB and request the gNB to configure measurement gap or PRS processing window for the UE. This procedure applies only if the NG-RAN node is a gNB."
The message content of the MEASUREMENT PRECONFIGURATION REQUIRED message is specified in subclause 9.1.1.24 of [2] and includes only the PRS configuration information for multiple TRPs:
	"This message is sent by the LMF to provide the PRS configuration information of multiple TRPs to the NG-RAN node and request to configure measurement gap or PRS processing window of the UE."
Therefore:
Observation 1:	A LMF can currently not request the serving gNB of the target UE to pre-configure PRS processing window configuration(s) via NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message (Step 1 of the Stage 2 procedure). The NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message contains only the DL-PRS configuration information and the decision on whether to preconfigure measurement gaps or PRS processing windows is made by the serving gNB of the target device.

The PRS configuration information for multiple TRPs provided in a NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message from an LMF to the serving gNB of a target device is sufficient to pre-configure measurement gaps, but not sufficient to pre-configure PRS processing windows. For determining the parameter for the IE DL-PRS-ProcessingWindowPreConfig [3] the serving gNB would need to know the DL-PRS processing capabilities of the target device outside measurement gap and in a PRS processing window (specifically item #27-3-3 in [4]). For example, the maximum number of DL-PRS resources a UE can process may be different for each type (type 1A/1B/2) and would determine the required length of the PRS processing window. Similar, the requested QoS/Response Time may have an impact on selecting the periodicity of the PRS processing window. However, the UE DL-PRS processing capabilities and other location request information is currently not known at the serving gNB of the target device [3],[4].
Observation 2:	The currently specified "assistance information" provided by the LMF to the serving gNB of the target device in a NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message does not enable the serving gNB to properly preconfigure PRS processing windows in the target device. A serving gNB would need to know (at least) the detailed DL-PRS processing capabilities of the UE outside measurement gaps.

Once a gNB has successfully provided preconfigured measurement gaps or PRS processing windows to the UE, the gNB sends a NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message back to the LMF as specified in TS 38.455, subclause 8.2.12.2:
	"If the NG-RAN node is able to configure measurement gap or PRS processing window, it shall reply with the MEASUREMENT PRECONFIGURATION CONFIRM message."
The NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message has no information content; i.e., it is just a confirmation or acknowledgement of a pre-configuration request.
Therefore:
 Observation 3:	A LMF does currently not know whether a serving gNB has preconfigured a target device with measurement gaps or PRS processing windows. 

According to the Stage 2 procedure copied above, a LMF may send a NRPPa MEASUREMENT ACTIVATION message to request the gNB to (de)activate the preconfigured PRS processing window (Step 5). The NRPPa MEASUREMENT ACTIVATION message is specified in subclause 8.2.13 of TS 38.455 [2]. However, the NRPPa MEASUREMENT ACTIVATION message is only applicable for the activation of measurement gaps [2]:
	"The Measurement Activation procedure is initiated by the LMF to indicate the NG-RAN node to activate the preconfigured measurement gap for the UE. This procedure applies only if the NG-RAN node is a gNB."
The content of the NRPPa MEASUREMENT ACTIVATION message is specified in subclause 9.1.1.27 of TS 38.455 [2] and is essentially the same as the RRC Location Measurement Indication message used by a target device to request measurement gaps [3]. Therefore,
Observation 4:	There is currently no NRPPa message defined which allows an LMF to activate preconfigured PRS processing windows.

Note, there is also no RAN1 agreement which supports LMF activation/deactivation of PRS processing windows. The agreement made at RAN1#106bis-e and provided in an LS to RAN2 and RAN3 is related to the activation request for preconfigured measurement gaps only [5]: 

	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



For the PRS processing windows, agreements were made for providing PRS processing windows from an LMF to the serving gNB, but there are no agreements for LMF activation/deactivation of PRS processing windows [6]:

	Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
0. It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
0. Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
0. Include it in the LS to RAN2 and RAN3.

Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
0. 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.



Therefore, the RAN1 agreement covers the preconfiguration and activation of PRS processing windows by the serving gNB of the target device. However, there is no trigger provided to the serving gNB to activate a preconfigured PRS processing window. 

Observation 5:		A serving gNB can preconfigure PRS processing windows in the target device via RRC [3] and can activate/deactivate a preconfigured PRS processing window via DL MAC-CE [7]. However, the serving gNB of a target device does not know when a preconfigured PRS processing window should be activated/deactivated (i.e., there is currently no UE or LMF trigger specified).

Once the UE has completed the measurements, the PRS processing windows are not needed any longer and can be deactivated. However, there is currently no NRPPa message defined which allows deactivation of previously activated PRS processing windows. Note, that there is also no NRPPa message to deactivate measurement gaps after the UE has completed the measurements. As mentioned above, the NRPPa MEASUREMENT ACTIVATION message is similar to the RRC Location Measurement Indication message. However, the RRC Location Measurement Indication message has a "start/stop" mechanism, which is missing in the NRPPa MEASUREMENT ACTIVATION message.
Observation 6:	There is currently no message defined which allows an LMF to deactivate PRS processing windows (and measurement gaps).

[bookmark: _Hlk100213817]Note, a UE is expected to measure one Positioning Frequency Layer (PFL) at a time [8][9]. For Rel-16 measurement gaps (or actually since Rel-9), this normally results in a series of  "start/stop" (or e.g. "start" – "start" – "start" – "stop") RRC Location Measurement Indication messages [3]. In such scenarios (i.e., measurement request for multiple PFLs) a LMF triggered measurement gap activation/deactivation seems not suitable (unless there is a single gap pattern that works for all PFLs), and therefore, UL-MAC-CE for activation/deactivation request is defined for pre-configured measurement gaps [7] (analogous to Rel‑16 RRC Location Measurement Indication), but not for PRS processing windows.
 
The main observations above can be summarized as follows:
(1)	The currently specified "assistance information" provided by an LMF to the serving gNB in a NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message is not sufficient for the gNB to preconfigure proper PRS processing windows.
(2)	Once PRS processing windows have been successfully preconfigured in a target device, there is currently no mechanism of PPW activation request for the purpose of positioning (i.e., like Option 1, 2 for the measurement gaps).
(3)	Once the UE measurements/location procedure has been completed, there is currently no mechanism of PPW deactivation request (note, there is also no mechanism for LMF triggered measurement gap deactivation requests).
 
3.	Proposed Solution
There are two principle design options:
(1)	The decision on whether to preconfigure measurement gaps or PRS processing windows in a target device is made by the serving gNB of the target device and is transparent to the LMF.
(2)	The decision (or recommendation) on whether to preconfigure measurement gaps or PRS processing windows in a target device is made by the LMF. 
Option (1) seems to be the assumption in RAN3; option (2) seems the assumption in RAN2 (i.e., there are different Stage 2 procedures for measurement gaps and PRS processing windows defined, and the LMF specifically requests preconfiguration of PRS processing windows or measurement gaps).
Based on the discussion in Section 2 above, to make Option (1) functioning, the following corrections seem required:
(1a) The UE DL-PRS processing capabilities outside measurement gaps need to be included in the NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message or in the RRC UE capabilities.
(1b) The NRPPa MEASUREMENT ACTIVATION message needs to be extended to allow activation of preconfigured PRS processing windows by an LMF.
(1c) An UL MAC-CE needs to be specified to enable a UE to request activation/deactivation of preconfigured PRS processing windows.
(1d) The NRPPa MEASUREMENT ACTIVATION message needs to be extended to allow deactivation of preconfigured PRS processing windows by an LMF.
(1e) The UE capabilities need to be updated (i.e., #27-10/10a/11 in [4] need to be defined also for PPW).
(1f) The Stage 2 procedures need to be adjusted accordingly (e.g., the measurement gaps and PRS processing window procedures in subclause 7.7 and 7.8 could be combined into a single procedure).

[bookmark: _Hlk100020743]Note, (1c) is required since without (1c) (UL MAC-CE) a LMF can not be transparent to preconfigured measurement gaps or PRS processing windows. If the serving gNB has preconfigured the target device with measurement gaps, a LMF does not necessarily need to send a NRPPa MEASUREMENT ACTIVATION message (i.e., the LMF can also rely on UE activation request via UL MAC-CE (or RRC Location Measurement Indication)). However, if the serving gNB has preconfigured the target device with PRS processing windows instead, a LMF must send a NRPPa MEASUREMENT ACTIVATION message, since no UE trigger would be available. Therefore, a LMF would need to know what has been preconfigured by the serving gNB and the LMF behaviour would be different for measurement gaps and PRS processing windows.
Note, as discussed in section 2 above, a UE triggered mechanism would also be needed if multiple PPW activation/deactivation requests are required during a single positioning session.

To make Option (2) functioning, the following corrections seem required:
(2a) The UE DL-PRS processing capabilities outside measurement gaps need to be included in the NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message or in the RRC UE capabilities.
(2b) The MEASUREMENT PRECONFIGURATION CONFIRM message includes information on what has been preconfigured in the target device (i.e., measurement gaps and/or PRS processing windows).
(2c) The NRPPa MEASUREMENT ACTIVATION message needs to be extended to allow activation of preconfigured PRS processing windows by an LMF.
(2d) The NRPPa MEASUREMENT ACTIVATION message needs to be extended to allow deactivation of preconfigured PRS processing windows by an LMF.
Note,  the current Stage 2 procedures seem mostly aligned with this option.
Note, as discussed above, without (2b) a LMF does not know when to send NRPPa MEASUREMENT ACTIVATION message. If the gNB has preconfigured measurement gaps and a UE supports UL MAC-CE gap activation requests, a LMF does not necessarily need to send a NRPPa MEASUREMENT ACTIVATION message. I.e., a LMF need to know what has been preconfigured in the device and the LMF (and UE) behaviour would be different for PPW and MG.
Note also, as discussed above, a LMF triggered activation seems only suitable if a single PPW or MG configuration is sufficient for a UE to fulfil a location request (which, however, seems unlikely if multiple PFLs must be measured by the target device). I.e., a LMF does not know when a UE requires a different (pre-configured) PPW or MG for performing the measurements.

For both, Option (1) and Option (2) the main impacts are on NRPPa and the required changes are mostly the same in both Options. 
Option (2) would only have RAN3 impacts (assuming the UE capabilities are included in the NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message) and some small Stage 2 clarifications accordingly.
Option (1) would have essentially the same NRPPa impacts as Option (2) but would require in addition the specification of an UL MAC-CE for PPW activation/deactivation request (analogous to the measurement gap UL MAC-CE in subclause 6.1.3.40 of TS 38.321 [7]. 
However, a potential disadvantage of Option (2) is that the LMF and UE behaviour for preconfigured measurement gaps and PRS processing windows would be different. As discussed above, if the serving gNB has preconfigured measurement gaps, a LMF does not necessarily need to activate/deactivate a preconfigured gap when sending a location request to the target device (i.e., the LMF can assume a UE triggered activation/deactivation request (as it is the case since Rel-15)). However, if the serving gNB has preconfigured PRS processing windows, a LMF must always send a NRPPa MEASUREMENT ACTIVATION (and deactivation) message, since there would be no other mechanism (i.e., no UL triggered mechanism).
In addition,  a LMF does not know when to activate/deactivate another/different PPW (or MG) for the UE during a location session. 
The most flexible solution would be to allow for both Options (i.e., combine Options (1) and (2)). This would result in a common procedure for preconfigured measurement gaps and PRS processing windows, which should simplify both, UE and NW implementations. The main change required would be the specification of an additional UL MAC CE, which however, can be the same as the UL MAC-CE for measurement gap request. Given that the specification of the UL MAC-CE for measurement gaps is currently anyhow FFS in [7], this should not be an issue. 
Therefore, it is proposed:
Proposal 1:	Unify the procedures for pre-configuration and activation/deactivation of measurement gaps for positioning and PRS processing windows. 
Proposal 2:	Include the UE DL-PRS processing capability outside measurement gaps in the NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message.
Proposal 3:	Include information on what has been preconfigured in the target device (MGs and/or PPW) in the NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message.
Proposal 4:	Enable the NRPPa MEASUREMENT ACTIVATION message to activate/deactivate preconfigured PRS processing windows.
Proposal 5:	Define a UL MAC-CE for PRS processing window activation/deactivation request.
	NOTE:	This affects only RAN2 but has impacts on the Stage 2 procedure.
Proposal 6:	Update Stage 2 description according to Proposals 1-5 above.

4.	Summary
In this contribution we discussed some issues with the current specification of the PRS Processing Window (PPW) procedures. The following observations were made.
Observation 1:	A LMF can currently not request the serving gNB of the target UE to pre-configure PRS processing window configuration(s) via NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message (Step 1 of the Stage 2 procedure). The NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message contains only the DL-PRS configuration information and the decision on whether to preconfigure measurement gaps or PRS processing windows is made by the serving gNB of the target device.
Observation 2:	The currently specified "assistance information" provided by the LMF to the serving gNB of the target device in a NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message does not enable the serving gNB to properly preconfigure PRS processing windows in the target device. A serving gNB would need to know (at least) the detailed DL-PRS processing capabilities of the UE outside measurement gaps.
Observation 3:	A LMF does currently not know whether a serving gNB has preconfigured a target device with measurement gaps or PRS processing windows. 
Observation 4:	There is currently no NRPPa message defined which allows an LMF to activate preconfigured PRS processing windows.
Observation 5:		A serving gNB can preconfigure PRS processing windows in the target device via RRC [3] and can activate/deactivate a preconfigured PRS processing window via DL MAC-CE [7]. However, the serving gNB of a target device does not know when a preconfigured PRS processing window should be activated/deactivated (i.e., there is currently no UE or LMF trigger specified).
Observation 6:	There is currently no message defined which allows an LMF to deactivate PRS processing windows (and measurement gaps).
Therefore, the following Proposals are made.
Proposal 1:	Unify the procedures for pre-configuration and activation/deactivation of measurement gaps for positioning and PRS processing windows. 
Proposal 2:	Include the UE DL-PRS processing capability outside measurement gaps in the NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message.
Proposal 3:	Include information on what has been preconfigured in the target device (MGs and/or PPW) in the NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message.
Proposal 4:	Enable the NRPPa MEASUREMENT ACTIVATION message to activate/deactivate preconfigured PRS processing windows.
Proposal 5:	Define a UL MAC-CE for PRS processing window activation/deactivation request.
		NOTE:	This affects only RAN2 but has impacts on the Stage 2 procedure.
Proposal 6:	Update Stage 2 description according to Proposals 1-5 above.

A NRPPa CR is provided in R3-223371 [11] accordingly.
The Annex A lists the Stage 2 CR submitted to RAN2 [12].

References
[1]		3GPP TS 38.305: "Stage 2 functional specification of User Equipment (UE) positioning in NG-RAN".
[2]		3GPP TS 38.455: "NG-RAN; NR Positioning Protocol A (NRPPa)".
[3]		3GPP TS 38.331: "NR; Radio Resource Control (RRC) protocol specification".
[4]		R1-2202928 (R2-2203746), "Updated RAN1 UE features list for Rel-17 NR after RAN1 #108-e".
[5]		R2-2200074, "LS on latency improvement for PRS measurement with MG", RAN1.
[6]		R2-2200089, "LS on PRS processing window", RAN1.
[7]		3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification".
[8]		3GPP TS 38.133: "NR; Requirements for support of radio resource management".
[9]		3GPP TS 37.355: "LTE Positioning Protocol (LPP)".
[10]	RP-213008, "WI Status Report to TSG".
[11]	R3-223371, "Corrections to Measurement Pre-configuration Information Transfer".
[12]	R2-2205764, "Issues with PRS Processing Window Procedures", Qualcomm Incorporated.


2

Annex A: Stage 2 Text Proposal

7.7	Procedures for Pre-configured Measurement Gap and PRS Processing Window
7.7.1	General
The pre-configured measurement gap procedure is used by the network to provide measurement gap or PRS processing window for NR DL-PRS measurements. The gNB may activate/deactivate the pre-configurated measurement gap or PRS processing window upon receiving the request from a UE or LMF.
7.7.2	Pre-configured Measurement Gap and PRS Processing Window procedures
Figure 7.7.2-1 shows the general positioning procedure for Pre-configured Measurement Gap or PRS Processing Window.


Figure 7.7.2-1: Pre-configured measurement gap or PRS processing window configuration procedure
0.	The LMF obtains the TRP DL-PRS information required for positioning servicespreconfiguration of measurement gaps or PRS processing windows from the gNBs.
1.	The LMF provides the DL-PRS information of the neighbour TRPs together with UE capability information to the serving gNB and requests the serving gNBs to pre-configure measurement gap or PRS processing window via NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message.
NOTE 1:	It is up to the serving gNB of the target device to determine the usage of measurement gap or PRS processing window.
2.	Based on the assistance information from the LMF and the UE capability, the serving gNB provides pre-configured measurement gap or PRS processing window configuration(s) with associated ID(s) to the UE by sending RRC Reconfiguration message specified in TS 38.331 [14].
3.	The UE sends RRC Reconfiguration complete message to the gNB to confirm the reception of pre-configured measurement gap configuration.
4.	The gNB sends the confirmation message to the LMF to indicate the success of the pre-configuration via NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message. The message includes an indication on whether measurement gaps or PRS processing windows have been preconfigured in the target device.
5a.	If the UE requires measurement gaps or PRS processing windows for performing the requested location measurements, the UE sends an UL MAC CE Positioning Measurement Gap or PRS Processing Window Activation/Deactivation Request to the gNB and indicates the requested measurement gap or PRS processing window configuration based on the ID configured in step 1.; The triggering condition for UL MAC CE is specified in TS 38.331 [14].
5b.	The LMF may send the NRPPa MEASUREMENT ACTIVATION message to request for measurement gap or PRS processing window activation.
6.	Based on the request from the UE in step 5a or the request from the LMF in step 5b, the gNB may send DL MAC CE Positioning Measurement Gap Activation/Deactivation containing an ID to activate the associated measurement gap or PRS processing window.
NOTE 2:	If the target device requires more than one measurement gap or PRS processing window configuration for performing the requested DL-PRS measurements (e.g., in the case of measurements for multiple Positioning Frequency Layer are performed), Steps 5a and 6 may be repeated. 
7a.	When the location measurements have been completed and measurement gap or PRS processing window are not needed any longer, the UE sends an UL MAC CE Positioning Measurement Gap or PRS Processing Window Deactivation Request to the gNB and indicates the measurement gap or PRS processing window configuration based on the ID provided in step 6 to be deactivated.
7b.	When the location measurements have been completed, the LMF may send the NRPPa MEASUREMENT ACTIVATION message to the serving gNB to request measurement gap or PRS processing window deactivation.
8.	Based on the request from the UE in step 7a or the request from the LMF in step 7b, the gNB may send DL MAC CE Positioning Measurement Gap Deactivation containing an ID to deactivate the associated measurement gap.

7.8	VoidProcedures for Pre-configured PRS processing window
7.8.1	General
The pre-configured PRS processing window procedure is used by the network to provide PRS processing window for NR DL-PRS measurements to the UE without measurement gap. The gNB may activate the pre-configurated PRS processing window upon receiving the request from LMF.
7.8.2	Pre-configured PRS processing window procedures
Figure 7.8.2-1 shows the general positioning procedure for Pre-configured PRS processing window.


Figure 7.8.2-1: Pre-configured PRS processing window configuration procedure
0.	LMF obtains the TRP information required for positioning services from the gNBs.
1.	The LMF provides the PRS information of the neighbour TRPs to the serving gNB and requests the serving  gNBs to pre-configure PRS processing window configuration(s) via NRPPa MEASUREMENT PRECONFIGURATION REQUIRED message.
2.	Based on the assistance information from the LMF and the UE capability, the serving gNB provides pre-configured PRS processing window configuration(s) with associated ID(s) to the UE by sending RRC Reconfiguration message specified in TS 38.331 [14].
3.	The UE sends RRC Reconfiguration complete message to the gNB to confirm the reception of pre-configured PRS processing window configuration.
4.	The gNB sends the confirmation message to the LMF to indicate the success of the pre-configuration via NRPPa MEASUREMENT PRECONFIGURATION CONFIRM message.
5.	The LMF the NRPPa MEASUREMENT ACTIVATION message to request the gNB to (de)activate the preconfigured PRS processing window.
6.	Based on the request from the LMF in step 5, the gNB sends DL MAC CE PPW Activation/Deactivation Command containing an ID to activate the associated PRS processing window.
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