

3GPP TSG-RAN WG2 #121bis-e	R2-2302580
Online, 17th – 26th April, 2023
Title:		Discussion on LPHAP
Source:	Huawei, HiSilicon
Agenda item:	8.2.4
[bookmark: _Hlk506366071]Document for:	Discussion and Decision
1. Introduction
In RAN2 #121, the following agreements were made on SRS configuration enhancements [1]:
Agreements:
When configured with SRS configuration along with SRS validity area, if the UE reselects to another cell within the SRS validity area during SRS transmission, the UE continues the SRS transmission, subject to validation for SRS transmission.
Wait for RAN1 progress for the validation of SRS transmission with issues such as interference, timing advance and spatial relation information, etc.

Agreements:
RAN2 assume when the UE reselects out of the positioning validity area during SRS transmission, the UE may send an RRC message to the network for SRS configuration request.
LS to RAN3 to confirm this.
This paper provides our thinking on the further enhancements on LPHAP。
2. Enhanced SRS configuration for RRC_INACTIVE
2.1	SRS Configuration Update
During RAN2 #121, it has been agreed that the UE may send RRC message to the network for SRS configuration request at the scenario when the UE reselects out of the positioning validity area. Another scenario we should discuss is at the initiation of UL positioning procedure when an event is detected. From our perspective, there can be two options for the SRS configuration request when event is triggered:
· Option1, Send event report to the network for SRS configuration update as in R17
· Option2, Send RRC message to the network for SRS configuration update
2.1.1	Request by event report
In Rel-17, the positioning procedure during RRC_INACTIVE can be initiated by the UE sending event report to the LMF with small data transmission, e.g. for periodic or triggered UE location. As can be seen in the LS to SA2 [2] back in R17, the general procedure for UL positioning in RRC_INACTIVE is as follows: 


Figure1: UL positioning in RRC_INACTIVE in R17
However, from our understanding, if we want to support pre-configured SRS in RRC_INACTIVE, with SRS configuration already in the UE context when the positioning procedure is initiated, sending event report to the LMF contradicts with the original motivation for pre-configured SRS, which is to reduce the signaling overhead. 
2.1.2	Request by RRC message
In addition to the above, similar to the case when the UE moves out of positioning area during SRS transmission, another approach is to trigger RRC message for SRS configuration update when an event is triggered. For LPHAP, SRS configuration is pre-configured by the RRC and kept within the RRC_INACTIVE UE context when the UE receives RRCRelease message. 
When event is triggered at the UE, same as the case when the UE moves out of the positioning validity area, the UE only needs to send RRC message to the network for obtaining the permission from the network to perform positioning and uplink transmission. When the RRCRelease message is received with or without the update in the SRS configuration, the UE can perform SRS transmission for positioning purpose. 
Proposal1: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message for SRS configuration request and resume the pre-configured SRS configuration from the inactive UE context after response from the network. 
2.1.3	General procedure for SRS configuration update
Based on the discussion above, the UE procedure for the SRS configuration request for the two scenarios can be jointly described as follows:
Proposal2: Adopt the following unified solution as baseline for SRS configuration update when UE moves out of positioning area and at the initiation of UL positioning procedure. 
	[image: ]
Figure 1, SRS configuration request for UL positioning with validity area
1	Event is triggered within the UE that the UE needs to initiate the positioning procedure with the network; or when cell reselection happens, the UE selects one cell out of the current positioning validity area. The UE needs to request the SRS configuration to the network;
2.	The UE sends positioning SRS request to the newly selected gNB with I-RNTI, with which the gNB can identify the UE’s inactive context or locates the anchor gNB where the UE inactive context is stored;
3.	The serving gNB sends XN-AP message RETRIEVE UE CONTEXT REQUEST message to the last serving gNB; This step is optional if the serving gNB has the UE’s inactive context;
4.	The last serving gNB sends RETRIEVE UE CONTEXT RESPONSE message to the serving gNB with the IE Requested Positioning SRS Characteristics;
5.	The serving gNB determines the SRS configuration of the UE and sends POSITIONING INFORMATION UPDATE message to the LMF;
6.	The serving gNB sends RRCRelease message to the UE, configuring the UE with new SRS configuration;
7.	LMF sends NRPPa message MEASUREMENT REQUEST to the gNBs where SRS receptions are expected;
8.	UE performs SRS transmission according to the SRS configuration that the UE receives and the gNB performs SRS reception;
9.	gNB receives the SRS and sends measurement report to the LMF.



[bookmark: _Hlk129789729]2.2	Efficient Provision of SRS Configuration with positioning area  
In the R17 spec for UL positioning in RRC_INACTIVE, the SRS configuration is delivered to the UE in dedicated signaling by RRCRelease message. While for the requirement for LPHAP with its setup in the warehouse and assembly where the amount of UEs might be massive, the amount of overhead with dedicated signaling will also be huge if configuration is delivered to the UE individually. Also, the service of LPHAP is deterministic in nature and can be pre-defined. Hence, for LPHAP, we should think about efficient delivery of SRS configuration to the UE, e.g. via system information. For example, multiple SRS configurations can be broadcasted in the posSIB, or delivered to the UE with RRC message and each SRS configuration can be associated with an identity and the positioning areas. When an event is detected, a UE in RRC_INACTIVE state can send RRC messages to the gNB to request for the desired SRS configuration(s) among the multiple SRS configurations it has received, similar as discussed. 
To enable this mechanism, an issue to discuss is how the gNBs obtain the SRS configurations to be broadcasted in the posSIB or send by RRCRelease message in the first place. Since the configurations are configured for multiple cells, the coordination between gNBs and/or between the gNB and the LMF may be required. A solution is given as follows. The LMF firstly collects the candidate SRS configurations for LPHAP from the gNBs. Then the LMF can recommend the broadcasted SRS resources and the corresponding expected positioning areas to the gNBs based on the collected information. 
Proposal3: Reuse the legacy non-UE associated NRPPa message TRP INFORMATION EXCHANGE for coordination of multiple SRS configurations between gNBs and LMF. 
Proposal4: Take the following procedures as the baseline for the efficient provision of SRS configuration with positioning area by system information or dedicated signaling.
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Figure 2, Efficient provision of SRS configurations
1. Step 1-2. LMF collects the candidate SRS configurations of the TRPs via TRP Information Exchange procedure. This procedure can happen before the positioning procedures. 
2. Step 3a/4a. The LMF sends a NRPPa message, ASSISTANCE INFORMATION CONTROL to the gNB for the gNB to send posSIB for positioning SRS with validity area configuration.  
3. Step 3b/4b. The gNBs can send the NRPPa message POSITIONING INFORMATION REQUEST/RESPONSE message for request the serving gNB to send SRS configuration to the UE;
4. Step 5a/5b. The serving gNB sends posSIB or RRCRelease message with SRS configuration with validity area to the UE, respectively.



3. Alignment between DRX and PRS
To summarize, there are three approaches for the DRX configuration in RRC_IDLE/INACTIVE to be delivered to the UE:
· Option1, PCCH-Config in SIB1 for both RRC_IDLE and RRC_INACTIVE 
· Option2, PCCH-Config in RRCRelease message for RRC_INACTIVE when the UE enters RRC_INACTIVE 
· Option3, NAS message for both RRC_IDLE and RRC_INACTIVE received when the UE is in RRC_CONNECTED 
When multiple DRX cycles are configured with the options above, the UE should choose the shortest cycle to monitor paging such that the UE does not miss any paging occasion, either from the gNB or from the LMF.
Based on the discussions during WI, there are two solutions for the alignment of DRX and PRS configurations:
· Option 1. PRS alignment with fixed DRX 
· Option 2. DRX alignment with fixed PRS
In this section, we discuss the solutions for these two approaches in detail.
3.1	PRS alignment with fixed DRX
For the case of aligning PRS with fixed DRX, UE-based on-demand PRS procedure introduced in Rel-17 can be reused to change the PRS configuration, e.g., periodicity and offset. The UE should first obtain the DRX information of the target UE and there are two cases: (a) DRX config sent to the UE by NAS message or SIB1 when the UE is in RRC_CONNECTED; (b) DRX config sent to the UE by RRCRelease before the UE entering RRC_INACTIVE.  
For the case (a) that the UE obtains the DRX configuration in RRC_CONNECTED, the PRS alignment with fixed DRX can be achieved by the UE sending LPP message for on-demand PRS request to the LMF. For case (b), when the UE obtains the DRX configuration only when the UE is in RRC_INACTIVE, the UE can also send LPP message to the LMF for UE-based on-demand PRS request with SDT and SRB2 configured for SDT when the deferred MT-LR procedure is on-going. 
With the discussion above, it can be seen that if we perform on-demand PRS request to change the PRS configuration with DRX fixed, the legacy mechanism for on-demand PRS request can be reused with no stage3 impacts. 
Proposal5: For the PRS alignment with fixed DRX, the legacy UE-based on-demand PRS procedure can be sent in RRC_CONNECTED and RRC_INACTIVE with SDT with no stage-3 impacts. 
3.2	DRX alignment with fixed PRS
For option 2, the DRX configuration is changed with the PRS configuration fixed. As mentioned above, there are three ways for DRX configuration. Within these three approaches, we think that we should focus on the ways that deliver dedicated DRX configuration to the UE, i.e., the DRX configuration carried in NAS message and RRCRelease message. For the configuration in SIB1, since it is applicable for all the UEs within the cell, it is not suitable to change it for the power saving of a single UE. 
Proposal6: For DRX alignment with fixed PRS, focus on changing the DRX configuration delivered by NAS message and RRCRelease message
For the case of DRX config delivered by NAS message, currently, the UE can already negotiate with the AMF for the NAS DRX configuration by the REGISTRATION REQUEST/RESPONSE. Hence, the request for the NAS DRX alignment with PRS can be achieved by enhancing the existing NAS message 
Proposal7: For the alignment of AMF-generated DRX configuration with fixed PRS, the existing NAS message REGISTRATION REQUEST/RESPONSE can be reused/enhanced.
Another aspect is the alignment of the RAN-generated DRX configuration with PRS. Since the DRX configuration is generated by the gNB, it is reasonable to use RRC message to indicate this configuration to the gNB. Another approach is that in R17, we have introduced the pre-configured measurement gap and PPW for latency reduction in positioning. For this feature, NRPPa message MEASUREMENT PRECONFIGURATION REQUIRED/CONFIRM is introduced for sending the PRS configuration of the neighboring cell of the UE to the serving gNB, such that the serving gNB knows how to pre-configure PPW or MG for the UE.


Figure 3, configuration of PPW in R17
While for the request of gNB-generated DRX configurations, we can reuse the two approaches above: the UE can request the DRX configuration by RRC message and the LMF can also provide the PRS configuration of the UE to the gNB such that the gNB can configure DRX accordingly.
Proposal8: For the alignment of gNB-generated DRX configuration with fixed PRS
· For UE-based approach, RRC message can be used for the UE to request the DRX configuration; 
· For LMF-based approach, NRPPa message MEASUREMENT PRECONFIGURATION REQUIRED/CONFIRM can be reused for the LMF to provide the PRS configuration to the serving gNB. 
4.	DL Positioning in RRC_IDLE
Based on the WID, the solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurement in RRC_CONENCTED state should be specified. There should be no technical issues if the measurements are reported to the LMF after security activation, which is already supported by the existing deferred MT-LR procedures, as shown in figure below from TS 23.273. 


Figure 4, Deferred 5GC-MT-LR for periodic, triggered and UE available location events [23.273, figure6.3.1-1]

Observation1: The current spec can already support the measurement report in RRC_CONNECTED after security activation.
Proposal19: UE can perform the DL PRS measurements in RRC_IDLE state and report them in RRC_CONNECTED state to the LMF with the current SA2 stage2 procedure in Clause 6.3.1 in TS 23.273. Send a LS to SA2 to confirm the understanding.
5. Summary
Based on the discussion above, we make the following proposals:
SRS configuration update
Proposal1: At the initiation of UL positioning procedure when event is detected, the UE should send RRC message for SRS configuration request and resume the pre-configured SRS configuration from the inactive UE context after response from the network. 
[bookmark: _GoBack]Proposal2: Adopt the procedure in the Annex A as baseline for SRS configuration update when UE moves out of positioning area and at the initiation of UL positioning procedure. 
Efficient SRS configuration delivery
Proposal3: Reuse the legacy non-UE associated NRPPa message TRP INFORMATION EXCHANGE for coordination of multiple SRS configurations between gNBs and LMF. 
Proposal4: Take the procedures in the Annex B as the baseline for the efficient provision of SRS configuration with positioning area by system information or dedicated signaling.
Alignment of PRS with fixed DRX
Proposal5: For the PRS alignment with fixed DRX, the legacy UE-based on-demand PRS procedure can be sent in RRC_CONNECTED and RRC_INACTIVE with SDT with no stage-3 impacts. 
Alignment of DRX with fixed PRS
Proposal6: For DRX alignment with fixed PRS, focus on changing the DRX configuration delivered by NAS message and RRCRelease message
Proposal7: For the alignment of AMF-generated DRX configuration with fixed PRS, the existing NAS message REGISTRATION REQUEST/RESPONSE can be reused/enhanced.
Proposal8: For the alignment of gNB-generated DRX configuration with fixed PRS
· For UE-based approach, RRC message can be used for the UE to request the DRX configuration; 
· For LMF-based approach, NRPPa message MEASUREMENT PRECONFIGURATION REQUIRED/CONFIRM can be reused for the LMF to provide the PRS configuration to the serving gNB. 
Positioning in RRC_IDLE
Observation1: The current spec can already support the measurement report in RRC_CONNECTED after security activation.
Proposal19: UE can perform the DL PRS measurements in RRC_IDLE state and report them in RRC_CONNECTED state to the LMF with the current SA2 stage2 procedure in Clause 6.3.1 in TS 23.273. Send a LS to SA2 to confirm the understanding.
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Annex A
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Figure, SRS configuration request for UL positioning with validity area

1	Event is triggered within the UE that the UE needs to initiate the positioning procedure with the network; or when cell reselection happens, the UE selects one cell out of the current positioning validity area. The UE needs to request the SRS configuration to the network;
2.	The UE sends positioning SRS request to the newly selected gNB with I-RNTI, with which the gNB can identify the UE’s inactive context or locates the anchor gNB where the UE inactive context is stored;
3.	The serving gNB sends XN-AP message RETRIEVE UE CONTEXT REQUEST message to the last serving gNB; This step is optional if the serving gNB has the UE’s inactive context;
4.	The last serving gNB sends RETRIEVE UE CONTEXT RESPONSE message to the serving gNB with the IE Requested Positioning SRS Characteristics;
5.	The serving gNB determines the SRS configuration of the UE and sends POSITIONING INFORMATION UPDATE message to the LMF;
6.	The serving gNB sends RRCRelease message to the UE, configuring the UE with new SRS configuration;
7.	LMF sends NRPPa message MEASUREMENT REQUEST to the gNBs where SRS receptions are expected;
8.	UE performs SRS transmission according to the SRS configuration that the UE receives and the gNB performs SRS reception;
9.	gNB receives the SRS and sends measurement report to the LMF.
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Figure, Efficient provision of SRS configurations
1. Step 1-2. LMF collects the candidate SRS configurations of the TRPs via TRP Information Exchange procedure. This procedure can happen before the positioning procedures. 
2. Step 3a/4a. The LMF sends a NRPPa message, ASSISTANCE INFORMATION CONTROL to the gNB for the gNB to send posSIB for positioning SRS with validity area configuration.  
3. Step 3b/4b. The gNBs can send the NRPPa message POSITIONING INFORMATION REQUEST/RESPONSE message for request the serving gNB to send SRS configuration to the UE;
4. Step 5a/5b. The serving gNB sends posSIB or RRCRelease message with SRS configuration with validity area to the UE, respectively.
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