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1	Introduction
Inactive mode positioning was specified in Rel-17. Rel-18 WID provides the below objective

· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

In RAN2#119e, the following was agreed:
[bookmark: _Hlk115120277]Agreements:
Proposal 1: RAN2 shall restrict the use case for any LPHAP discussions in RAN2 to Tracking of workpiece (in- and outdoor) in assembly area and warehouse (Use case # 6 in Table A.7.2-1 in TS 22.104).
RAN2 to consider at least the ‘Low Power Periodic and Triggered 5GC-MT-LR Procedures’ in TS 23.273.  Other procedures are not excluded from discussion.
RAN2 shall wait for RAN1 conclusions from evaluations on UE power consumption with respect to baseline functionality and whether enhancements are needed.  RAN2 will study potential areas for higher layer enhancements that may result in reduction of UE power consumption.


In RAN2#119bis-e, the following was agreed:

Agreement:

RAN2 do not introduce a new device type for positioning only.
Proposal 2: RAN2 agree that support of MT-SDT in Rel-18 positioning is treated as low priority in SI. (14/15)
Proposal 3 (modified): RAN2 agree to study enhancements on SRS configuration (12/15). Further study the following candidate enhancements on SRS configuration, including the possible interference and changes of spatial relations problems.
-	a) Validity area mechanism; (12/13)
-	b) SRS update mechanism; (10/13)
-	c) Pre-configure multiple SRS, which could include broadcast transmission of configurations with UE-specific determination along with the network of a configuration; (9/13)
FFS if item c would require network nodes to measure multiple SRS configurations for the same UE simultaneously.
LS to RAN1 to ask them about interference issues with SRS configurations across multiple cells and about the validity of SRS parameters.


[bookmark: _Ref178064866]2	Discussion
In this paper we discuss that to ensure UL-SRS based positioning method works in a decent way, several optimizations must be performed and there can be NW complexities especially in terms of how reception points are configured.
2.1	Complexities: Multi-Cell UL-SRS Interference, Capacity Loss & TA, Reception Point Coordination

If UE roams in multiple cells transmitting UL-SRS, it is bound to cause interference in other cells as shown below the increase in interference (lower SINR; Figure 2).
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Figure 1: With Interference OFF
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Figure 2: With Interference ON: SINR degrades, positioning accuracy degrades
· Simulation model Indoor factory, 'TR38901_5G_INF_SH’, 50 m ISD, 18 TRP


If in serving cell; resources were configured in PRB1 it would imply in other cells the UE UL-SRS transmission will interfere to other UE which also uses PRB1. To avoid this, it has been mentioned to reserve resource or to have pool of UL-SRS resources. However, this would lead to capacity loss. Implicitly for above example, PRB1 in other cells would not be used or would be blocked.

[bookmark: _Toc118446632]To minimize Interference, UL-SRS Resource pool have to be maintained and this would   lead to capacity loss.

Another source of interference would be the sequence ID. UL-SRS signals are generated using sequence ID and cell-ID. If UE is allowed to transmit UL-SRS while roaming in multiple cells; this would imply the UL-SRS resource pool should also reserve the sequence ID.

[bookmark: _Toc118446633]UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.

It has been suggested that UE will receive TA update based upon RACH procedure. If UE RSRP fluctuates by certain margin or TA timer expires; UE will have to perform RACH procedure and obtain TA. However, TA obtained from RACH procedure (Preamble) is not accurate as compared to UL-SRS based TA. A UE which is unsynchronized and transmit with an offset would cause interference to other UEs and at the same time the RTOA measurements performed by base station would have timing errors as UE’s UL-SRS Tx timing may not be aligned. The objective of the study item however is high accuracy. As seen below using wrong TA leads to accuracy degradation.
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[bookmark: _Toc118446634]Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy.


Further, there will be problem in terms of configuring the TRPs for the multi-SRS validity area; several RAN nodes will be listening to UE UL SRS when UE moves in multiple cells with UL-SRS Tx. This calls for overprovisioning of TRPs and consumption of network resources. Since NW does not know where UE will pop up, this will lead to extra processing and signalling cost that will impact several RAN3 interfaces: XnAP, NRPPA and F1AP


[bookmark: _Toc118446635]As UE may pop up anywhere in the configured multiple cell area with UL-SRS Tx, it is not possible to know in which gNBs/TRPs the UE would finally resume in within the configured multiple UL SRS Tx area. Hence, over-provisioning of TRPs may have to be done where some of the TRPs must keep on listening even when nothing is heard. This leads to extra processing and signalling costs.

[bookmark: _Toc118446618]Capture in TR.
· [bookmark: _Toc118446619]To minimize Interference, UL-SRS Resource pool would have to be maintained and this leads to capacity loss. IIOT requires solution which can be scaled.
· [bookmark: _Toc118446620]UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.
· [bookmark: _Toc118446621]Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy
· [bookmark: _Toc118446622]Over-provisioning of TRPs may have to be done where some of the TRPs must keep on listening even when nothing is heard.


2.2	Potential Solutions
2.2.1	Co-ordinated Sequence ID based UL-SRS Transmission
RAN2 is currently discussing to study validity area of UL-SRS transmission. A validity area is defined based upon a geographical area (consisting of one or more than one cell) where the UL-SRS transmission can be considered to be valid. RAN2 has also asked RAN1 to check the feasibility from RAN1 perspective if that is possible.

In a controlled environment (factory, IIOT); there may be many low power devices requiring positioning and many densely deployed listening devices.

When there are several listening devices; it may be difficult for LMF to co-ordinate with all the devices via NRPPa to listen to certain UL SRS transmission especially when the UE is in RRC Inactive mode and can pop up anywhere in the validity area. There may involve massive amount of signaling to co-ordinate; for example, for scenario shown in below Figure where the UE in inactive mode may move in the cell. 




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.

If LMF has to pre-configure and prepare the listening nodes; there may be massive signaling involved.

Apart from overhead, another issue is of interference which happens 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. Several listening nodes may have to be configured as UE may pop up anywhere in the valid area. The network may also have to over dimension the listening nodes.  Further, if there is any RSRP fluctuation, the UE could have already released the uplink resources. The listening node may not be aware that UE will has already stopped this causes another overhead on the network side.

Rather than providing the NRPPa signaling to configure to listen about when UE will transmit, one solution is to enable these listening devices (reception points or RPs) to be able to identify which UE’s UL SRS is received by detecting and measuring the UL SRS (blind decoding). These listening devices can then report to the LMF the measurement report for a certain UE that is in inactive state. The listening device may also include the detected Rx power corresponding UL SRS transmission to LMF. LMF, serving gNB or listening gNB may decide if the UE in inactive mode is causing interference. In such case, the LMF would notify AMF to page to that UE so the UE will come to connected mode and the UL SRS configuration will be reconfigured.

In order to make this work, UE specific UL SRS based transmission would be needed so that RPs can identify which UE is transmitting without much co-ordination needed from LMF.

In current specifications, the UL SRS transmission is based on the below sequence ID  and is not UE ID specific.  The current definition from 3GPP TS 38.211 V16.6.0 is given below: 

“The SRS sequence identity  is given by the higher layer parameter sequenceId in the SRS-Config IE, in which case , or the [SRS-for-positioning] IE, in which case . The quantity  is the OFDM symbol number within the SRS resource.”

One possible way is that each UE is assigned non-overlapping sequence ID (unique sequence ID) and LMF informs which sequence IDs are currently active. Thus, the listening node try to decode the sequence ID and perform the measurement.

[bookmark: _Toc118446636]UL-SRS transmission across multiple cells would cause NW overhead and interference. In order to resolve these issues, it may be desired that each UE has UE specific reference signal and listening nodes are able to identify which UE has transmitted without requiring dynamic NRPPa signaling. Hence, some co-ordination and UE specific UL-SRS transmission is desired.

AMF can allocate a unique ID per UE from current sequence ID (1 to 65535) to each gNB. gNB will use this ID to assign to the UE for UL SRS (or UL PRS) sequence generation. AMF can maintain the mapping of UE TMSI and the sequence ID. Considering that for IIOT environment there are not more than 65535 UEs; these ID may already suffice. Further, the IDs can be made cell bound (validity area bound).  That is, as long as UE is in a cell/validity area the ID is valid and UE always uses that ID to generate the UL SRS so the listening nodes can identify. When the UE does cell reselection (selects another cell which is not in validity area), it will then go to connected mode and notify that to gNB/AMF so that the ID is freed.

[bookmark: _Toc118446623]Sequence ID co-ordination and allocation is done such that each UE UL-SRS in a validity area uniquely identifies the UE.

2.2.2	Configuring PDCCH Monitoring

To solve the TA mis-alignment issue; a solution where NW can push the TA would be needed. This can be supported by means of MT-SDT procedure or configuring occasional PDCCH monitoring after UL-SRS transmission.



	Figure X: Configuring PDCCH Monitoring after UL-SRS Transmission


[bookmark: _Toc118446624]Occasional PDCCH monitoring is configured to provide accurate TA to improve positioning accuracy.
[bookmark: _Toc118446625]Send an LS to RAN3 asking on NW overhead and signalling impacts issue and if it is feasible to transmit UL-SRS in multi-cell during Inactive.
· [bookmark: _Toc118446626]For UL-SRS multi-cell (in a validity area), can we assume the listening TRPs would always be same? Does NW need to over-provision (configure several TRPs where some of them simply must listen even when nothing is heard”?

[bookmark: _Toc118446627]Capture the Observation 1 to 4 in the TR as shown in the Annex (Text Proposal for TR).



2.3	Conclusion on UL-SRS Inactive Mode Tx
UL SRS configuration for inactive depends upon several factors such as TA validity timer, RSRP thresholds, TA value and UL power to use for UL SRS Tx. It is beneficial if these configurations are provided as close as possible when UE is released to Inactive from connected mode. If configuration is provided well in advance, it may not be accurate as UE spatial relation or RSRP etc. may have changed.

UL SRS configuration is valid for a serving cell. In connected mode the NW is aware of UE’s situation: there are dedicated mode procedures and there is closed loop power control to minimize interference. Hence, even when UE drifts to neighbor cell the positioning may continue as NW may reconfigure the necessary parameters including TA, spatial relations, Tx Power etc. In RRC Inactive mode, it is unclear as how this would be maintained. 

Several new solutions have to be adopted and considering pros/cons we observe below:

[bookmark: _Toc118446637]UL-SRS validity across multiple cells is not scalable. Several new enhancements and complicated solutions must be introduced which will not only increase NW complexity but also UE. 
[bookmark: _Toc118446628]SRS configuration in RRC Inactive mode is not valid in multiple cell.

2.4	Enhanced Power Saving mechanisms
MICO state or no paging monitoring etc. requires SA2 involvement. There is not much from RAN2 perspective one may do. This should be discussed in SA2. We should note that we are positioning group and not UE power saving group. If any specific power saving such as RRM relaxation etc. needs to be discussed, then it should be separated from Positioning WI.

[bookmark: _Toc118446638]Positioning WI may not have specific competence in saving UE power. This should be discussed in relevant power saving WI and in SA groups; for example, for granting UE with eDRX, No paging monitoring or MICO state

[bookmark: _Toc118446629]Non-Positioning procedure related (e.g., communication related; MICO states, RRM relaxation, eDRX cycle) power saving enhancement is not discussed in Positioning WI.
2.5	RRC Idle mode positioning
In LTE, for NB-IoT RRC Idle mod 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 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.

[bookmark: _Toc118446639]In RRC Idle mode UE can obtain AD using posSIB and can perform measurement in RRC idle mode to save UE power.
[bookmark: _Toc118446630]Send an LS to RAN1 to define RSTD measurements for RRC idle mode.

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.

[bookmark: _Toc118446640]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.



Conclusion
In the previous sections we made the following observations: 
Observation 1	To minimize Interference, UL-SRS Resource pool have to be maintained and this would   lead to capacity loss.
Observation 2	UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.
Observation 3	Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy.
Observation 4	As UE may pop up anywhere in the configured multiple cell area with UL-SRS Tx, it is not possible to know in which gNBs/TRPs the UE would finally resume in within the configured multiple UL SRS Tx area. Hence, over-provisioning of TRPs may have to be done where some of the TRPs must keep on listening even when nothing is heard. This leads to extra processing and signalling costs.
Observation 5	UL-SRS transmission across multiple cells would cause NW overhead and interference. In order to resolve these issues, it may be desired that each UE has UE specific reference signal and listening nodes are able to identify which UE has transmitted without requiring dynamic NRPPa signaling. Hence, some co-ordination and UE specific UL-SRS transmission is desired.
Observation 6	UL-SRS validity across multiple cells is not scalable. Several new enhancements and complicated solutions must be introduced which will not only increase NW complexity but also UE.
Observation 7	Positioning WI may not have specific competence in saving UE power. This should be discussed in relevant power saving WI and in SA groups; for example, for granting UE with eDRX, No paging monitoring or MICO state
Observation 8	In RRC Idle mode UE can obtain AD using posSIB and can perform measurement in RRC idle mode to save UE power.
Observation 9	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.
	UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.
	Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy
	To enable multi-cell SRS; NW may have to over-provision (configure several) TRPs where some of them must listen even when nothing is heard.
UL-SRS validity across multiple cells is not scalable. Several new enhancements and complicated solutions must be introduced which will not only increase NW complexity but also UE.
Hence, Multi-Cell UL-SRS in RRC Inactive mode is not recommended for normative work.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Capture in TR.
	To minimize Interference, UL-SRS Resource pool would have to be maintained and this leads to capacity loss. IIOT requires solution which can be scaled.
	UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.
	Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy
	Over-provisioning of TRPs may have to be done where some of the TRPs must keep on listening even when nothing is heard.
Proposal 2	Sequence ID co-ordination and allocation is done such that each UE UL-SRS in a validity area uniquely identifies the UE.
Proposal 3	Occasional PDCCH monitoring is configured to provide accurate TA to improve positioning accuracy.
Proposal 4	Send an LS to RAN3 asking on NW overhead and signalling impacts issue and if it is feasible to transmit UL-SRS in multi-cell during Inactive.
	For UL-SRS multi-cell (in a validity area), can we assume the listening TRPs would always be same? Does NW need to over-provision (configure several TRPs where some of them simply must listen even when nothing is heard”?
Proposal 5	Capture the Observation 1 to 4 in the TR as shown in the Annex (Text Proposal for TR).
Proposal 6	SRS configuration in RRC Inactive mode is not valid in multiple cell.
Proposal 7	Non-Positioning procedure related (e.g., communication related; MICO states, RRM relaxation, eDRX cycle) power saving enhancement is not discussed in Positioning WI.
Proposal 8	Send an LS to RAN1 to define RSTD measurements for RRC idle mode.
	To minimize interference, UL-SRS Resource pool have to be maintained and this would lead to capacity loss. IIOT requires solution which can be scaled.
 





[bookmark: _In-sequence_SDU_delivery]References
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Text Proposals for TR
Some observations for Multi-cell UL-SRS configuration are as below:

· [bookmark: _Toc115422101][bookmark: _Toc118446631]To minimize interference, UL-SRS Resource pool have to be maintained and this would lead to capacity loss. IIOT requires solution which can be scaled.
· [bookmark: _Toc118446641]UL-SRS Resource pool would not only require reserving time/frequency resource but also other resource such as sequence ID.
· [bookmark: _Toc118446642]Wrong TA leads to accuracy degradation. Preamble based TA update would lead to large positioning error. The objective however is High Accuracy
· [bookmark: _Toc118446643]To enable multi-cell SRS; NW may have to over-provision (configure several) TRPs where some of them must listen even when nothing is heard.

[bookmark: _Toc118446644]UL-SRS validity across multiple cells is not scalable. Several new enhancements and complicated solutions must be introduced which will not only increase NW complexity but also UE. 
[bookmark: _Toc118446645]Hence, Multi-Cell UL-SRS in RRC Inactive mode is not recommended for normative work.
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