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1. Introduction
At the RAN2#103b, RAN2 discussed the support of positioning in RRC_INACTIVE, and agreed
Agreements:
[bookmark: _Hlk71201874]WA: Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume supported by AS layers.  I.e. RAN2 do not specify a restriction on message type.
FFS if LPP needs to select transport, i.e. if the message is just submitted to lower layers which decide how to deliver it (SDT, change state, etc.).
FFS if RRC state is exposed to LPP.

In this contribution, we discuss how to support the positioning in INACTIVE mode.
1. [bookmark: Proposal_Pattern_Length]Discussion
In last RAN2 meeting, RAN2 agreed the working assumption
WA: Any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume supported by AS layers.  I.e. RAN2 do not specify a restriction on message type.

For UL LCS/LPP messages, the LCS/LPP and NAS layer can just provide any message to AS layer. If SRB2 is configured for small data transmission (SDT) in RRC_INACTIVE, and if the message size of LCS/LPP is below the data volume threshold configured by network for SDT, then the AS layer will send the LCS/LPP/NAS message via Uu interface using small data transmission (SDT) in RRC_INACTIVE. Otherwise UE will request normal resume procedure, the network should move the UE to RRC-CONNECTED which is the same as SDT handling.  Note that the decision whether to initiate an SDT or normal Resume is taken by AS and not visible to upper layers.
For DL messages, following has been agreed in SDT session:
	RAN2#111e
9    UL/DL transmission following UL SDT without transitioning to RRC_CONNECTED is supported 
10   When UE is in RRC_INACTIVE, it should be possible to send multiple UL and DL packets as part of the same SDT mechanism and without transitioning to RRC_CONNECTED on dedicated grant.  FFS on details and whether any indication to network is needed.  



Note: network triggered DL data transmission in SDT has been excluded. 

That is the network can send DL data using SDT in RRC_INACTIVE once the UE initiates SDT due to UL transmission, but it cannot trigger SDT for DL data if SDT is not ongoing for the UE. Therefore the simple way is to follow SDT framework, i.e. the network can send DL LCS and LPP message to the UE in RRC_INACTIVE if there is ongoing SDT for the UE. Otherwise if SDT is not ongoing, rely on legacy operation, i.e.  the network should move the UE to RRC_CONNECTED,e.g. by RAN paging. 
Drawback of restricting certain messages to use SDT in RRC_INACTIVE:
· To disable the UL transmission of LPP/LCS messages other than ProvideLocationInformation using SDT, additional work is needed in UE:
· UE NAS needs to be aware of the LPP/LCS messages when UE is in INACTIVE;
· If it is not the LPP message ProvideLocationInformation, the UE NAS needs to indicate UE AS to trigger the transition to RRC_CONNECTED;or
· UE AS layer needs to be aware of the content of NAS, and to trigger the transition to RRC_CONNECTED if LPP/LCS messages are not allowed for SDT;
· To disable the DL transmission of LPP/LCS message other than other NAS message using SDT, additional work is also needed in RAN:
· RAN needs to be aware of the content of NAS message, and moves the UE to RRC_CONNECTED if the content is LCS/LPP message when SDT is ongoing.
This will involve the cross-layer actions, additional messaging on the network side and additional impact on SDT WI. However as discussed in RANP when adding configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state, no positioning specific work is expected in SDT WI, see [3] “Specify configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state by reusing the framework for DRBs.”. 

There is no disadvantage in sending UL transmission of LPP/LCS messages other than ProvideLocationInformation over SDT if it meets the SDT volume requirements.  Disabling UL transmission of LPP/LCS messages other than ProvideLocationInformation using SDT can be seen as an additional enhancement on top of using SDT for positioning. SDT for positioning works without this enhancement and is sufficient for Rel-17.  
Therefore we propose:
Proposal 1: To confirm working assumption that any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume configured for SDTsupported by AS layers.  I.e. RAN2 does not specify a restriction on message type.;
Proposal 2: Follow Rel-17 SDT framework, where the network can send DL LCS, LPP message and RRC message(e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE if the UE initiated data transmission using UL SDT. Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 
Regarding open issues:
FFS if LPP needs to select transport, i.e. if the message is just submitted to lower layers which decide how to deliver it (SDT, change state, etc.).
FFS if RRC state is exposed to LPP.

To our understanding, it is related to whether LMF should select allowed RRC state for MT-LR/NI-LR and UE selects RRC state for MO-LR. Also similar to the issue mentioned in [1], “LMF involvement in SDT (Preferably only for low accuracy (QoS)), the LMF allows the usage of SDT for positioning.”.
To our understanding, currently it is up to network implementation on when to move the UE in RRC_INACTIVE. Normally, network moves the UE to RRC_INACTIVE after a long silent period. 
[bookmark: _Hlk71439324]For accuracy, it is related to what positioning methods are used instead of whether the UE performs measurements and reports results in RRC_INACTIVE. It is also related to RAN1/4 discussion on whether the performance will be impacted if the measurements are done in RRC_INACTIVE. However it is unrelated to whether message is delivered via SDT or not. 
Observation 1: positioning in RRC_INACTIVE using SDT will not directly lead to accuracy problems;
For latency, if low latency is required, additional latency for the RAN to move the UE to RRC_INACTIVE is problematic. However, this is unrelated to whether or not SDT is used.  For instance, if the latency requirement is around, e.g. tens/hundreds of ms, normally the gNB should not move the UE to RRC_INACTIVE after short silent period. With SDT, it can improve the latency problem since  SDT is used for fast data transmission purpose in RRC_INACTIVE. It is faster than the UE moving to RRC_CONNECTED and then sending data. If the positioning message is really large, and then segmentation is needed. The network is also aware of this. The network can move the UE to RRC_CONNECTED for further data transmission if needed.
Observation 2: positioning in RRC_INACTIVE using SDT can reduce the latency compared to sending data only after moving to RRC_CONNECTED state;

If LMF/UE needs to select allowed RRC state for positioning, then the LMF needs to ask the gNB to move the UE to RRC_CONNECTED state during positioning procedures, or ask the UE to move to RRC_CONNECTED state, e.g. :
· LMF needs to indicate allowed RRC state to UE (LPP/LCS) during positioning procedure;
· UE (LPP/LCS) needs to indicate the allowed RRC state to AS layer;
· AS layer needs to trigger the transition to RRC_CONNECTED if the UE is in RRC_INACTIVE and SDT is configured; 
Same as above, this will involve the cross-layer actions, and additional impact on SDT WI. However as discussed in RANP when adding configuring of SRB1 and SRB2 for small data transmission in RRC_INACTIVE state, no positioning specific work is expected in SDT WI [3]. 
Another related issue is whether the LMF wants to know the RRC state of the UE so optimum parameters can be provided in case the UE may not want to monitor the PRS very frequently (e.g. for battery power saving)?
To our understanding, it is not RRC_INACTIVE specific issue. So far the LMF also has no idea whether DRX is configured or not which will have more impact than RRC_INACTIVE. In addition, it is related to on-demand PRS instead of positioning in RRC_INACTIVE. For instance, for on-demand PRS if the UE wants to save more power, and still meet the QoS requirement, the UE can indicate assistance information to the LMF, e.g. the preferred periodicity. However, the LMF does not need to know UE RRC state.
Therefore, we propose:
Proposal 3: Same as legacy, the transition to RRC_INACTIVE is up to network implementation, and it is invisible to the LMF;
Proposal 4: RRC state (RRC_CONNECTED or RRC_INACTIVE) is transparent to positioning procedures ( LPP/LCS in UE and LMF);

During online discussion, some companies mentioned NB-IoT procedure defined by SA2 can be reused, and some companies commented that so far SA2 only specified MT-LR case for NB-IoT. 
Accordingly to [2]:
For MT-LR procedure, [2] section 6.1 mentioned “If the UE is in CM IDLE state, the AMF initiates a network triggered Service Request procedure as defined in clause 4.2.3.3 of TS 23.502 [19] to establish a signalling connection with the UE.” RRC_INACTIVE UE is in CM-CONNECTED state and the UE already has signalling connection with the AMF, and therefore current SA2 MT-LR procedure already covered RRC_INACTIVE.
Observation 3: The MT-LR procedure defined in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
For MO-LR procedure, [2] section 6.2 only mentioned “If the UE is in CM-IDLE state, UE instigates the UE triggered Service Request as defined in clause 4.2.3.2 of TS 23.502 [19] in order to establish a signalling connection with the AMF.”. RRC_INACTIVE UE is in CM-CONNECTED state and the UE already has signalling connection with the AMF, and therefore the current SA2 MO-LR procedure already covers RRC_INACTIVE. 
Observation 4: The MO-LR procedure in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
Similar to MO-LR, MT-LR, [2] section 6.3 “Deferred 5GC-MT-LR Procedure”, only if the UE is in CM-IDLE, the UE needs to transit to CM-CONNECTED. 
Observation 5: Deferred 5GC-MT-LR procedure defined in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
[2] section 6.7 specified the procedure for Low Power Periodic and Triggered 5GC-MT-LR Procedures. 
	-	At step 14, the AMF includes an indication in the Nlmf_Location_DetermineLocation Request service operation that the UE supports and is allowed to use Control Plane CIoT 5GS Optimisation as described in TS 23.501 [18] clause 5.31.4.
-	At step 16, if the AMF indicates the UE supports and is allowed to use Control Plane CIoT 5GS Optimisation at step 14 and if the LMF decides to allow Control Plane CIoT 5GS Optimisation, the LMF includes an indication in the LCS Periodic-Triggered Invoke Request that the UE is allowed to use Control Plane CIoT 5GS Optimisation to send Event Reports. The LMF may also include criteria indicating when Control Plane CIoT 5GS Optimisation may be used to send Event Reports. The criteria may include a maximum duration for sending Event Reports using Control Plane CIoT 5GS Optimisation, a maximum number of consecutive Event Reports to be sent using Control Plane CIoT 5GS Optimisation or both.
NOTE 1:	As part of negotiating 5G network behaviour during registration, a UE indicates in a Registration Request whether Control Plane CIoT 5GS Optimisation is supported for location event reporting. This indication may be passed to the LMF by the AMF at step 14 for clause 6.3.1.




Observation 6: For CIoT, the UE needs to indicate the support of Control plane CIoT, and AMF forwards it to LMF. It is the LMF that decides whether CIoT 5GS optimisation can be used to send Event Reports;
However in the same procedure, it is also mentioned “If the UE is currently in CM CONNECTED state, the UE shall use a NAS signalling connection” as below.
	The UE determines whether to report the event detected at step 22 in clause 6.3.1 using Control Plane CIoT 5GS Optimisation or using a NAS signalling connection. If the UE is currently in CM CONNECTED state, the UE shall use a NAS signalling connection. Otherwise, the determination shall be based on criteria received from the LMF at step 14 in clause 6.3.1 when criteria are received.


Observation 7: Low Power Periodic and Triggered 5GC-MT-LR Procedures defined in TS23.273 already covers RRC_INACTIVE (NAS signalling connection shall be used) since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
Proposal 5: RRC_INACTIVE UE shall use NAS signalling connection for reception/transmission of LPP/LCS messages, and from RAN2 perspective it is  transparent to the CN on whether or not SDT is used;
1. Conclusion
Based on the discussion, we have following observations and proposals:
Observation 1: positioning in RRC_INACTIVE using SDT will not directly lead to accuracy problems;
Observation 2: positioning in RRC_INACTIVE using SDT can reduce the latency compared to sending data only after moving to RRC_CONNECTED state;
Observation 3: The MT-LR procedure defined in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
Observation 4: The MO-LR procedure in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
Observation 5: Deferred 5GC-MT-LR procedure defined in TS23.273 already covers RRC_INACTIVE since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;
Observation 6: For CIoT, the UE needs to indicate the support of Control plane CIoT, and AMF forwards it to LMF. It is the LMF that decides whether CIoT 5GS optimisation can be used to send Event Reports;
Observation 7: Low Power Periodic and Triggered 5GC-MT-LR Procedures defined in TS23.273 already covers RRC_INACTIVE (NAS signalling connection shall be used) since an RRC_INACTIVE UE is in CM-CONNECTED and already has a signalling connection with AMF;

Proposal 1: To confirm working assumption that any uplink LCS or LPP message can be transported in RRC_INACTIVE from RAN2 perspective, subject to the data volume configured for SDTsupported by AS layers.  I.e. RAN2 does not specify a restriction on message type.;
Proposal 2: Follow Rel-17 SDT framework, where the network can send DL LCS, LPP message and RRC message(e.g. to configure SRS (TBD on what message is used), if UL positioning supported) to the UE if the UE initiated data transmission using UL SDT. Otherwise, if UE did not initiate UL SDT, rely on legacy operation, i.e. the network shall transition the UE to RRC_CONNECTED, e.g. based on RAN paging. 
Proposal 3: Same as legacy, the transition to RRC_INACTIVE is up to network implementation, and it is invisible to the LMF;
Proposal 4: RRC state (RRC_CONNECTED or RRC_INACTIVE) is transparent to positioning procedure ( LPP/LCS in UE and LMF);
Proposal 5: RRC_INACTIVE UE shall use NAS signalling connection for reception/transmission of LPP/LCS messages, and from RAN2 perspective it is transparent to the CN on whether or not SDT is used;
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