Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG2 Meeting #122	R2-2306021
Incheon, Korea, May 22nd – 26th, 2023

Agenda Item:	7.2.4
Source:	Ericsson
Title:	Discussion on Low Power High Accuracy Positioning
Document for:	Discussion, Decision

1 Introduction


	RAN2 #121-bis-e
Agreement:

The SRS validity area configuration contains a list of cells in which it is valid.  FFS validity timer or if we would depend only on explicit release by the network.
RRCRelease can be used to provide SRS configuration with validity area for use in RRC_INACTIVE.
SRS configuration request can be indicated via Msg3/MsgA transmission.  FFS if the request is in the RRC message or an accompanying MAC CE.




In this paper, we discuss the LPHAP and provide further view based upon the agreements made last meeting.



[bookmark: _Ref178064866]2	Discussion

2.1	UL SRS based Configuration
The below agreement was made in RAN2-121-bis-e; however the use case or purpose has been missing.

Agreement:
SRS configuration request can be indicated via Msg3/MsgA transmission.  FFS if the request is in the RRC message or an accompanying MAC CE.

From TR 38.859:

-    SRS configuration request
SRS configuration request can be discussed during normative work from RAN2 perspective. Scenarios requiring SRS configuration request include:
-    Scenario 1: During the UL positioning procedure, when the SRS configuration turns invalid, e.g., when the UE moves out of the SRS positioning validity area.
-    Scenario 2: At the initiation of UL positioning procedure when an event is detected.


The agreement on Scenario 1 has already been made in RAN2-121 as below


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.


Hence, the agreement made in RAN2-121-bis-e should reflect the scenario 2 as below

Agreements:
SRS configuration request can be indicated via Msg3/MsgA transmission at the initiation of UL positioning procedure when an event is detected   


[bookmark: _Toc134770225]  The purpose “at the initiation of UL positioning procedure when an event is detected ” is added for the agreement “SRS configuration request can be indicated via Msg3/MsgA transmission”.


The WID mentions three different solutions to support UE mobility with SRS configuration in RRC Inactive mode as we outline below.

· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancement’s based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3].

Option 1:

· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.
   Option 2:

· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].

  Option 3:
· SRS for positioning activation/request procedure(s) [RAN2, RAN1].

In last RAN2 meeting below was agreed;

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.


That is the Option 1 from above is agreed.

· SRS for positioning configurations in multiple cells [RAN2, RAN1]. 
· Note: Details including issues such as interference, timing advance, spatial relation information, pathloss reference and common SRS parameters across multiple cells can be further discussed during normative work.

Hence, we propose that Option 2 and Option 3 is no longer required. 

[bookmark: _Hlk134691242]With Option 2, there will have to be frequent update made by UE as it selects different preconfigured SRS configuration. It is already mentioned in the study item that the solution should not require the gNB to monitor multiple SRS configuration simultaneously for a UE. Hence, UE will have to perfume update which will cause the UE battery to drain.

[bookmark: _Toc134770142]Using preconfigured option would require UE to make frequent updates as it selects different preconfigured SRS configuration. Hence, these updates will cause the UE battery to drain.

[bookmark: _Toc134770226]  RAN2 to no longer pursue below
a. [bookmark: _Toc134770227]Pre-configuration of one or multiple SRS for positioning configurations
b. [bookmark: _Toc134770228]SRS for positioning activation/request procedure(s
2.1.1	 SRS Validity Timer
RAN2 need to discuss the purpose of validity timer. Is the timer to ensure that the NW would release the resource after timer expires. However, NW can page the UE anytime and release the configuration. Hence, the need of separate validity timer to release the resource is not needed.

[bookmark: _Toc134770145]If validity timer is introduced to release the resources, then it is not essential as NW can page the UE and release using Msg4 (RRC Release)
[bookmark: _Toc134770229]RAN2 to ask RAN1 the need of SRS validity timer
2.1.2	 SRS Validity Area Solution
Currently the UL-SRS Inactive mode config is invalid as soon as UE performs cell reselection or TAT expires or (optionally) there is RSRP change by certain threshold.

This solution would allow UE to move across multiple cells as long as TAT is running. However, this would cause interference as UE TA value in RRC Inactive mode would not be updated. If UE is moving from edge of the cell to middle of cell, its TA value would have mis-aligned. Hence rather than relying on whether TAT is running, the UE should judge based upon TOA calculation. Since, this is a Positioning UE, the UE can perform TOA estimation at some interval to judge if its mobility is still around the edge or towards the center. Hence, based upon that it may judge whether to transmit or stop.






[bookmark: _Toc134770143]To improve positioning accuracy and minimize interference, it is essential that the UE TA is aligned. A Positioning UE is capable of deriving TOA or UE Rx-Tx. A Positioning UE can perform such measurement 
[bookmark: _Toc134770230]UE establishes TA validity based upon positioning time of arrival estimation.

To minimize interference, the UL SRS resources should be allocated in an orthogonal/non-over lapping manner. This would require coordination among multiple cells.

if two UEs use same resources such as same PRB or sequence ID. For multi-cell UL-SRS resource allocation, it is considered that there will be a UL-SRS resource pool and thus multiple cells will require to reserve the resource in advance.

Apart from ensuring orthogonal resources for UL-SRS in multiple cells, another issue that would require attention is of sequence ID. If two UEs use the same sequence ID, it may cause interference issue hence a coordinated sequence ID allocation would be required one more issue of using multi cell uplink SRS is that the UE roam around anywhere in the valid area.
[bookmark: _Toc118446623][bookmark: _Toc134770231]Cell resources and Sequence ID co-ordination is done for UL-SRS Tx among cells which are part of the validity area.


One issue that may arise with validity area-based UL-SRS positioning is on NW node to perform the measurement/listening. As such NW should not over provision multiple gNBs/RPs to perform the reception. This should be checked by RAN1/RAN3.


To facilitate UL SRS transmission measurements when the UE is in RRC Inactive mode and with the possibility that the UE can pop up anywhere in the validity area is challenging. 




Assuming RPi are the listening nodes (reception points) and RP1 is the serving node and is serving the UE in a cell. Based upon UE location; the optimum listening node that needs to be configured at location1 are (RP1, RP2, RP3, RP8); similarly, if UE moves at cell location 2 (RP6, RP7, RP8) and at cell location 3 it is (RP5, RP4, RP6)
It is not possible for LMF to dynamically release and allocate new listening nodes as UE is not in connected mode. The problem would scale if UL-SRS transmission is valid across multiple cells. Further in RRC Connected mode as the UE power can be controlled (closed loop) and with spatial directivity the number of RPs can be minimized.

If LMF has to pre-configure and prepare the listening nodes; there may be massive signaling involved and also over provisioning of nodes have to be done.

[bookmark: _Toc134770144]As compared to RRC Connected mode, the RRC Inactive mode would require over provisioning of RPs as it lacks the spatial directivity and power control.

Apart from overprovisioning another issue is that there may be multiple UL SRS configuration that could have been configured which may be valid at the same time for a UE; however, gNB should not perform measurement on multiple SRS configuration.


[bookmark: _Toc134770232][bookmark: _Hlk134691158]The solution should not require the gNB to monitor multiple SRS configuration simultaneously for a UE

[bookmark: _Toc134770233]Send LS to RAN3/RAN1 requesting to analyse if over provisioning of RPs are required to support this feature.

2.1.3	Draft LS

3GPP TSG RAN WG2 #122	R2-22xxxx
Incheon, Korea, May 22nd  – 26th 2023                                                       

Title:	[Draft] LS on UL based Low Power High Accuracy Positioning 
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-18
Work Item:	FS_NR_pos_enh2

Source:	Ericsson [to be RAN WG2]
To:	RAN1, RAN3
Cc:	-

Contact person:	Ritesh Shreevastav
	Ritesh.shreevastav@ericsson.com
	
Send any reply LS to:	3GPP Liaisons Coordinator, mailto:3GPPLiaison@etsi.org

Attachments:	None)

1	Overall description
RAN2 would like to know if RAN3 and RAN1 foresee the need to have more RPs for RRC Inactive mode positioning when validity area solution is introduced as opposed to if the UE were in RRC Connected mode and following the same route

RAN2 respectfully asks RAN1 and RAN3 to provide the answer for above.
2	Actions
To RAN11 
ACTION: 	RAN2 respectfully requests RAN1 and RAN3 to provide the answer for above.
3	Dates of next TSG RAN WG2 meetings
RAN2 Meeting #123	    August 21st  – 25th, 2023	Toulouse, France
RAN2 Meeting #123-bis   October 9th – 13th , 2023    Xiamen, China


2.2	DRX/eDRX Aligned PRS Configuration
The problem with eDRX and PRS alignment is that each UE has its own specific wake up duration. Hence, to ensure PRS transmission at everyUE wake up occasion is going to be very challenging. It would imply otherwise PRS has to be present all the time. Hence, if alignment has to be pursued then it is good if solution is designed such that each LPHAP UE wake up at the same time.

[bookmark: _Toc134770146]Solution where UEs wake up at the same occasion can help to align PRS and eDRX. Otherwise, it would imply that PRS needs to be transmitted all the time.



One solution is to have cell specific common paging or a common UE Identifier for all the LPHAP users for paging can be used so that each UE wake up at the same time in cell.

[bookmark: _Toc134770234]Cell specific wake up occasion for LPHA users can be configured so that PRS can be aligned with the LPHA users wake up occasion.
Another option is that LMF provides the PRS configuration to gNB and gNB aligns the length of Paging time Window (PTW). This would be similar to having PPW (PRS Processing Window configuration). It may be necessary that PTW is sufficiently long so that UE can complete its positioning measurement. However, measurement duration is subject to RAN4 responsibility.




[bookmark: _Toc134770235]Send an LS to RAN4 for gNB to configure suitable Paging time window to complete the PRS measurement in one PTW. 


The UE can be configured with a DRX cycle to use in all RRC states (i.e., RRC idle state, RRC inactive state and RRC connected state) to save UE battery power. Examples of lengths (TDRX) of DRX cycles currently used in low activity RRC states (e.g., RRC idle/inactive state) are 320 ms, 640 ms, 1.28 s, 2.56 s etc.
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active time
OFF duration/
inactive time
Time

Figure 4: DRX cycle illustrating on and off durations

According to TS 24.501 v17.4.1, the UE can be configured with DRX cycle by the core network node (e.g. AMF) using non-access stratum (NAS signaling). According to section 8.2.6.15 (Requested DRX parameters) in TS 24.501 v17.4.1: “If the UE wants to use or change the UE specific DRX parameters, the UE shall include the Requested DRX parameters IE in the REGISTRATION REQUEST message.”

[bookmark: _Hlk87296441]The AMF provides to the NG-RAN node the Core Network Assistance Information to assist the NG-RAN node's decision whether the UE can be sent to RRC_INACTIVE, and to assist UE configuration and paging in RRC_INACTIVE. The Core Network Assistance Information includes the UE specific DRX, an indication if the UE is configured with Mobile Initiated Connection Only (MICO) mode by the AMF, the Expected UE Behaviour, and the NR Paging eDRX Information. The UE registration area is taken into account by the NG-RAN node when configuring the RNA. The UE specific DRX and UE Identity Index value are used by the NG-RAN node for RAN paging. The NG-RAN node takes into account the NR Paging eDRX Information to configure the RAN Paging when the NR UE is in RRC_INACTIVE. When sending XnAP RAN Paging to neighbour NG-RAN node(s), the NR Paging eDRX Information for RRC_IDLE and for RRC_INACTIVE may be included. 


[bookmark: _Toc134770147]gNB is aware of UE specific DRX/eDRX values which it would have received from AMF in the Core Network Assistance Information.



The use case for LPHA is primarily for IIOT/factory/warehouse scenario where the devices to save power may be using eDRX or long DRX cycle. Further, their eDRX cycle may also be aligned; i.e., the devices wake up at the same time. In order to ensure that the PRS is always available when UE wakes up after eDRX and for the NW to be able to save NW energy, it should be for LMF to retrieve the DRX/eDRX cycle and adopt the PRS config (periodicity accordingly).



 

[bookmark: _Toc134770236]Send LS to RAN3 to request for NRPPa/OAM signaling support for cell/UE specific DRX/eDRX configurations.

2.3	 RRC Idle mode positioning
In LTE, for NB-IoT RRC Idle mode positioning is already supported. The UE may receive AD in connected mode and can go to RRC Idle mode and perform the positioning measurements. The UE may also receive AD via broadcast. The UE would transit to connected mode to provide the positioning measurements. 

The same principle can be also applied to NR. The power saving is achieved by means of not being in RRC Connected mode for positioning. Further, the assistance data can also be obtained using posSIB.

When it comes to measurement reporting; our view is that even if UE was in RRC Inactive the Inactive mode data transfer may not work because of data volume threshold as positioning measurements are quite big. Hence, in terms of latency and power saving it may in fact be beneficial to transit to connected mode.

Further, the positioning measurement report should be sent only after security mode procedure is completed. Msg5 would not be suitable as it is before security mode procedure.


[bookmark: _Toc134770148]In RRC Idle mode UE can obtain AD using posSIB and can perform measurement in RRC idle mode to save UE power.

[bookmark: _Toc134770149]Positioning Measurement reporting in RRC Inactive would be inefficient as it may need subsequent transmission implying longer duration and prolonged battery consumption. RRC Connected mode can be efficient. Further the report should be sent after security mode procedure.

[bookmark: _Toc134770237]The idle mode measurement is sent in RRC Connected mode after the security mode procedure.


Conclusion
In the previous sections we made the following observations: 
Observation 1	Using preconfigured option would require UE to make frequent updates as it selects different preconfigured SRS configuration. Hence, these updates will cause the UE battery to drain.
To improve positioning accuracy and minimize interference, it is essential that the UE TA is aligned. A Positioning UE is capable of deriving TOA or UE Rx-Tx. A Positioning UE can perform such measurement
Observation 2	As compared to RRC Connected mode, the RRC Inactive mode would require over provisioning of RPs as it lacks the spatial directivity and power control.
Observation 3	If validity timer is introduced to release the resources, then it is not essential as NW can page the UE and release using Msg4 (RRC Release)
Observation 4	Solution where UEs wake up at the same occasion can help to align PRS and eDRX. Otherwise, it would imply that PRS needs to be transmitted all the time.
Observation 5	gNB is aware of UE specific DRX/eDRX values which it would have received from AMF in the Core Network Assistance Information.
Observation 6	In RRC Idle mode UE can obtain AD using posSIB and can perform measurement in RRC idle mode to save UE power.
Observation 7	Positioning Measurement reporting in RRC Inactive would be inefficient as it may need subsequent transmission implying longer duration and prolonged battery consumption. RRC Connected mode can be efficient. Further the report should be sent after security mode procedure.


Based on the discussion in the previous sections we propose the following:
Proposal 1	The purpose “at the initiation of UL positioning procedure when an event is detected ” is added for the agreement “SRS configuration request can be indicated via Msg3/MsgA transmission”.
Proposal 2	RAN2 to no longer pursue below
a.	Pre-configuration of one or multiple SRS for positioning configurations
b.	SRS for positioning activation/request procedure(s
Proposal 3	RAN2 to ask RAN1 the need of SRS validity timer
Proposal 4	UE establishes TA validity based upon positioning time of arrival estimation.
Proposal 5	Cell resources and Sequence ID co-ordination is done for UL-SRS Tx among cells which are part of the validity area.
Proposal 6	The solution should not require the gNB to monitor multiple SRS configuration simultaneously for a UE
Proposal 7	Send LS to RAN3/RAN1 requesting to analyse if over provisioning of RPs are required to support this feature.
Proposal 8	Cell specific wake up occasion for LPHA users can be configured so that PRS can be aligned with the LPHA users wake up occasion.
Proposal 9	Send an LS to RAN4 for gNB to configure suitable Paging time window to complete the PRS measurement in one PTW.
Proposal 10	Send LS to RAN3 to request for NRPPa/OAM signaling support for cell/UE specific DRX/eDRX configurations.
Proposal 11	The idle mode measurement is sent in RRC Connected mode after the security mode procedure.
 





[bookmark: _In-sequence_SDU_delivery]References
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