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[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on the WID and the agreements achieved in past meetings, the following topics will be analyzed and discussed in this contribution.
· SRS configuration with validity area
· Validity for SRS configuration
· Maintenance of validity-area specific TA timer
· The over listening issue of gNBs
· Alignment between PRS and (e)DRX
Discussion
2.1 SRS configuration with validity area
#Issue 1: Validity for SRS configuration
In RAN2#121-bis, it was agreed that SRS validity area configuration contains a list of cells. But how to release the SRS needs to be further discussed.
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.


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 1. SRS validity area.
Shown as figure 1, the UE is a transport vehicle in an industrial park, and it moves through the industrial park. With the LPHAP requirement, the UE is configured with an SRS which is valid in the shaded cells. After configuring the SRS to the UE, the UE may initiate positioning procedure using the SRS at any time and any location. To avoid UL interfere, the NW should reserve the SRS for the UE within the validity area. However, after configuring the SRS to UE, there is no mechanism for NW to release the SRS configuration at present. If the UE moves out of the validity area and will not use the SRS for a long time, the SRS is still occupied by the UE. 
To recover the UL resource timely and improve the flexibility of network resource allocation, mechanism to release the SRS is needed. There are two way forwards:
a) Release by validity time;
b) Explicit release by the network via signalling.
When the network wants to release the SRS configuration, it may have no idea which cell the UE is camping on. And there may be no SDT connection between UE and the network. Hence, b) may need the network paging the UE into RRC_CONNECTED state, which is against with the energy saving objective of LPHAP. In comparison, a) is a simpler method. Once the validity time expired, both UE and the network will release the SRS configuration.
Observation 1: To recover the UL resource timely and improve the flexibility of network resource allocation, the mechanism to release the SRS is needed. Compare with explicit release by network, control by validity time is a simpler way to release the SRS configuration. 
In RAN2#122, the validity-area specific TA timer was introduced. Some companies would like to use the validity-area specific TA timer to release the SRS resource, i.e., when the area-specific TA timer expires, the UE release the SRS configuration. However, if the validity-area specific TA timer is used, the validity judgement mechanism for SRS configuration will be very complex with the following reasons.
Agreements:
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Define an SRS for positioning validity-area specific TA timer (e.g., with larger values) for a UE in RRC_INACTIVE state.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]- The UE starts/restarts the area-specific TA timer when it receives the TA command.
- The UE stops the SRS transmission when the area-specific TA timer expires.
- The UE stops the area-specific TA timer when it reselects to a cell out of the SRS validity area.
- Other stop/restart conditions can be discussed.
When the UE receives the TA command, the UE restarts the area-specific TA timer. The UE can use the SRS for a longer duration. From the network perspective, the time of the SRS resource reserved for the UE need to be extended. Not only the serving cell but also all the cells in the validity area need to get this information. Hence, the issue of how the other cells get the information of extended validity time needs to be solved.


Figure 2. Area-specific TA timer is used as the validity timer.
Besides, since the SRS resource is reserved for the UE, when UE reselects out and reselects back to the validity area, the reserved SRS can be used by the UE in principle. However, the UE will stop the area-specific TA timer when it reselects to a cell out of the SRS validity area, which means that the SRS is no longer valid after the UE reselects out of the SRS validity area. Hence, when UE reselects back to the validity area, the UE needs to request a new SRS. But the network may not know the UE reselects out of the validity area, it will reserve the SRS for the UE until the area-specific TA timer expires. This will result in resource waste.
Observation 2: The area-specific TA timer is not suitable for controlling the validation of the SRS configuration with the following reasons.
· Upon receives the TA command, UE starts/restarts the timer. All the cells within the validity area also need to extend the validity time for the SRS, Xn or NRPPa needs to be enhanced.
· UE stops the timer when it reselects out of the SRS validity area. The UE cannot use the SRS when it reselects back to the validity area, but the network may reserve the SRS for the UE until the timer expires. This will result in waste of resource.
Proposal 1: Exclude the method of using area-specific TA timer to release the SRS configuration.
A simpler way to control the validation of SRS configuration is to introduce a separate validity time. The relationship between the new validity time and the area-specific TA timer should be:
· The validity time is used to control how long the SRS resource is reserved for the UE within the validity area. Before the validity time expires, the UE can use the SRS for positioning. Otherwise, the UE will release the SRS resource.
· [bookmark: OLE_LINK9][bookmark: OLE_LINK10]The area-specific TA timer is used to control transmission of SRS. The UE can transmit the SRS only when the area-specific TA timer is running. If the area-specific TA timer expires, the UE needs to obtain TA before transmitting the SRS, but not releases the SRS configuration.
Proposal 2: Introduce a separate validity time to control how long the SRS resource is reserved for the UE within the validity area.
Proposal 3: When the new validity time expires, the UE releases the SRS resource.
The SRS configuration valid in area needs to be coordinated between gNBs and/or LMF. Obviously, the validity time of the SRS need to be determined together. Then, the validity time can be configured to UE together with the SRS configuration via RRCRelease message. 

#Issue 2: Maintenance of validity-area specific TA timer
In RAN2#122, some stop/(re)start conditions were agreed and other conditions can be further discussed. 
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]In Rel-17, when UE receives RRCResume or RRCSetup in response of RRCResumeRequest, the UE will instruct the MAC entity to stop the inactivePosSRS-TimeAlignmentTimer. These stop conditions are also applicable for the validity-area specific TA timer. Because when RRCResume or RRCSetup is received in response of RRCResumeRequest, the UE will enter RRC_CONNECTED state. There is no need for UE to keep the validity-area specific TA timer in connected state.
[bookmark: OLE_LINK11][bookmark: OLE_LINK15]Additionally, in Rel-17, when UE receive the srs-PosRRC-Inactive in RRCRelease, it will instruct MAC to start the inactivePosSRS-TimeAlignmentTimer. This start condition is also applicable for the validity-area specific TA timer. Because when UE receives the SRS configuration with validity area in RRCRelease, the UE has a valid UL timing at that time, the UE get permission of transmitting the SRS.
	[bookmark: _Toc139044991]5.3.3.4	Reception of the RRCSetup by the UE
The UE shall perform the following actions upon reception of the RRCSetup:
1>	if the RRCSetup is received in response to an RRCReestablishmentRequest; or
1>	if the RRCSetup is received in response to an RRCResumeRequest or RRCResumeRequest1:
2>	if srs-PosRRC-InactiveConfig is configured:
[bookmark: OLE_LINK14][bookmark: OLE_LINK18]3>	instruct the MAC entity to stop the inactivePosSRS-TimeAlignmentTimer, if it is running;

[bookmark: _Toc60776835][bookmark: _Toc139045097]5.3.13.4	Reception of the RRCResume by the UE
The UE shall:
1>	if srs-PosRRC-InactiveConfig is configured:
2>	instruct the MAC entity to stop inactivePosSRS-TimeAlignmentTimer, if it is running;

	5.3.8.3	Reception of the RRCRelease by the UE
The UE shall:
1>	if the RRCRelease includes suspendConfig:
2>	if srs-PosRRC-Inactive is configured:
3>	apply the configuration and instruct MAC to start the inactivePosSRS-TimeAlignmentTimer;


In summary, these stop/(re)start conditions for validity-area specific TA timer should be supported.
[bookmark: OLE_LINK22][bookmark: OLE_LINK24]Proposal 4: Support the following stop/(re)start conditions for validity-area specific TA timer.
· The UE stops the validity-area specific TA timer when RRCResume or RRCSetup is received in response of RRCResumeRequest.
· The UE starts the validity-area specific TA timer when receives the RRCRelease contains SRS configuration with validity area.

#Issue 3: The over listening issue of gNBs
With the SRS configuration with validity area, the UE can transmit the SRS directly without sending event report to the network. Although there is a periodic positioning requirement in use case 6 (the positioning interval is “15s to 30s”), the network doesn’t know the exact positioning time. Additionally, the validity area may contain a large amount of TRPs. For one positioning event of an UE, most of these TRPs are out of the positioning/measurement coverage where the measurement of this target UE is not required. All the TRPs keep listening to these SRSs will bring large power consumption.
From our perspective, this issue is solvable. One way forward is the UE send an indication to the network before transmitting SRS. The network starts listening SRS only after receiving the indication.
Proposal 5: Introduce an indication for UE to indicate the network start listening to the SRS.
In scope of validity area, the SRS is dedicated for the UE, and all the cells should keep the correspondence relationship between UE and SRS configuration. Under this premise, it is possible for the network to identify the identity of UE by detecting the SRS.
Observation 3: Because the configured SRS is UE-specific, it is possible for the network to identify the UE identity by detecting SRS.
Hence, the indication for UE to indicate the network start listen the SRS can be non UE-related information, i.e. the indication can be common to all the UE. The feature-specific RACH introduced in Rel-17 can be used. The indication for UE to indicate the network start listen the SRS can be a positioning dedicate preamble.
	additionalRACH-ConfigList
List of feature or feature combination-specific RACH configurations, i.e. the RACH configurations configured in addition to the one configured by rach-ConfigCommon and by msgA-ConfigCommon. The network associates all possible preambles of an additional RACH configuration to one or more feature(s) or feature combination(s). The network does not configure this list to have more than 16 entries. If both rach-ConfigCommon and msgA-ConfigCommon are configured for a specific FeatureCombination, the network always provides them in the same additionalRACH-Config.


Proposal 6: The indication for UE to indicate the network start listening to the SRS can be a dedicate preamble for positioning feature.
The following procedure can be taken as baseline.


Figure 3. Stage 2 positioning procedure
1. The network provides SRS configuration with validity area to UE via RRCRelease message. Upon receiving the RRCRelease message, the UE stores the SRS configuration and moves into RRC_INACTIVE state.
2. When the UE detects a positioning event, the UE send the dedicate preamble for positioning feature to the network.
3. After sending the dedicate preamble to the network, the UE start transmitting the SRS. After receiving the dedicate preamble, the gNB start listening SRS. The network determines the UE identity by detecting SRS.
4. After determines the UE identity, the receiving gNB send Measurement request to the LMF, containing the UE identity or the SRS configuration.
5. The LMF determine the neighbour cells which need to perform measurement on the SRS, and send measurement request to these cells.
6. The LMF send ACK to the receiving gNB.
7. All the cells which are configured with measurement perform measurement on the SRS.
8. All the cells which are configured with measurement send measurement response to the LMF.
Proposal 7: Take the stage 2 procedure for the validity area mechanism in R2-230xxxx as baseline.
2.2 Alignment between PRS and (e)DRX
In RAN2#120 it was agreed that there are two directions of DRX/PRS alignments: (a) PRS alignment with fixed DRX; (b) DRX alignment with fixed PRS. In this section, the issue will be discussed start from the characteristics of PRS and DRX.
Characteristic of PRS configuration:
At present, the PRS is requested by the LMF and allocated by the RAN. And the PRS is configured to UE via system information or via LPP information. The PRS is not configuration for a certain UE, i.e., the PRS configuration is non-UE associated.
Characteristic of DRX configuration:
UE in RRC_IDLE and RRC_INACTIVE state monitors one paging occasion (PO) per DRX cycle. UE needs to determine the DRX cycle, PF and PO in order. Three kinds of paging cycle can be configured to UE, i.e., default cycle broadcast in SI, UE-specific configured via NAS signalling and UE-specific cycle configured via RRC signalling. All of these three DRX cycles are valued in rf32, rf64, rf128 and rf256 [3] [5]. UE in RRC_INACTIVE state will determine the DRX cycle, i.e. the parameter T, by the shortest one in these three cycles, if configured. 
The PF and PO for paging determined by the following formulae [4]:
	SFN for the PF is determined by:
(SFN + PF_offset) mod T = (T div N)*(UE_ID mod N)
Index (i_s), indicating the index of the PO is determined by:
i_s = floor (UE_ID/N) mod Ns


It can be seen that, even there are large number of UE_ID, after mod N, the value will in scope of (0, 1, …, N-1). And floor (UE_ID/N) mod Ns will in scope of (0, 1, …, Ns-1). Hence, all the potential SFN which can be calculated as PF can be determined by the cell level parameters PF_offset, N and minimum DRX cycle (i.e., rf32). Within these potential PFs, the potential POs can be determined by the cell level parameters N and Ns.
For a certain UE with UE_ID x, its PF and PO must be a subset of these potential PF and PO. That is, these potential PF and PO contains the monitoring time of all UEs in the cell.


Figure 4. PF and PO
Observation 4: The potential PF and PO of a cell can be determined by the cell level parameters, e.g. PF_offset, N and minimum DRX cycle (i.e., rf32), these potential PF and PO contain all the monitoring time of all the UEs in the cell.
Analyze on potential solutions:
[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Considering the PRS is cell level configuration, but the POs for different UEs are various, when there are many UEs, align the PRS with the POs of each UE is complex. However, the potential PF and PO of the cell only occurs on some certain times, and have a periodic pattern. It is possible to make alignment between the PRS and these potential PF and PO. Because these potential PF and PO can cover all the monitoring time of the UEs in the cell, the PRS/DRX alignment requirement for all the UE can be met.


Figure 5. Alignment between DRX and PRS
For the candidate solutions, PRS alignment with fixed DRX and DRX alignment with fixed PRS. 
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]During positioning procedure, UE need to monitor serval neighbour cells’ PRS. It is hard to coordinate the DRX parameters, e.g. cycle, PF_offset, firstPDCCH-MonitoringOccasionOfPO, to cover all the PRS. In contrast, adjust these PRS to fall within the DRX is more easily. Additionally, the DRX configuration may relate to some other business requirement, that it is not suitable for adjustment.
Obviously, make PRS align to fixed DRX is a better choice.
Proposal 8: Support PRS align to fixed DRX. The fixed DRX refer to all the potential PF and PO of the cell, which can be determined by the cell level parameters, e.g. PF_offset, N and minimum DRX cycle.
Considering the PRS needs to align to the DRX of neighbour cells, the DRX parameters of neighbour cells are needed, e.g. PF_offset. There are two candidate solutions: 
· Negotiate between gNBs: After obtaining neighbour cells’ DRX parameters via Xn message, the serving cell generate PRS configuration.
· Negotiate between gNBs and LMF: gNB and/or AMF send the DRX parameters to LMF. The PRS configuration is coordinated and recommended by LMF and final configured by RAN.
These two solutions are in scope of RAN3, we would better send an LS to RAN3 to trigger the discussion.
[bookmark: OLE_LINK21][bookmark: OLE_LINK23]Proposal 9: There are some impacts on RAN3 to support PRS align to fixed DRX. Send RAN2 agreement to RAN3 to trigger the discussion.
1.1. 
1.2. 
Conclusion
According to the analysis in section 2, the following observations and proposals are provided:
SRS configuration with validity area
#Issue 1: Validity for SRS configuration
Observation 1: To recover the UL resource timely and improve the flexibility of network resource allocation, the mechanism to release the SRS is needed. Compare with explicit release by network, control by validity time is a simpler way to release the SRS configuration. 
Observation 2: The area-specific TA timer is not suitable for controlling the validation of the SRS configuration with the following reasons.
· Upon receives the TA command, UE starts/restarts the timer. All the cells within the validity area also need to extend the validity time for the SRS, Xn or NRPPa needs to be enhanced.
· UE stops the timer when it reselects out of the SRS validity area. The UE cannot use the SRS when it reselects back to the validity area, but the network may reserve the SRS for the UE until the timer expires. This will result in waste of resource.
Proposal 1: Exclude the method of using area-specific TA timer to release the SRS configuration.
Proposal 2: Introduce a separate validity time to control how long the SRS resource is reserved for the UE within the validity area.
Proposal 3: When the new validity time expires, the UE releases the SRS resource.
#Issue 2: Maintenance of validity-area specific TA timer
Proposal 4: Support the following stop/(re)start conditions for validity-area specific TA timer.
· The UE stops the validity-area specific TA timer when RRCResume or RRCSetup is received in response of RRCResumeRequest.
· The UE starts the validity-area specific TA timer when receives the RRCRelease contains SRS configuration with validity area.
#Issue 3: The over listening issue of gNBs
Proposal 5: Introduce an indication for UE to indicate the network start listening to the SRS.
Observation 3: Because the configured SRS is UE-specific, it is possible for the network to identify the UE identity by detecting SRS.
Proposal 6: The indication for UE to indicate the network start listening to the SRS can be a dedicate preamble for positioning feature.
Proposal 7: Take the stage 2 procedure for the validity area mechanism in R2-230xxxx as baseline.

Alignment between PRS and (e)DRX
Observation 4: The potential PF and PO of a cell can be determined by the cell level parameters, e.g. PF_offset, N and minimum DRX cycle (i.e., rf32), these potential PF and PO contain all the monitoring time of all the UEs in the cell.
Proposal 8: Support PRS align to fixed DRX. The fixed DRX refer to all the potential PF and PO of the cell, which can be determined by the cell level parameters, e.g. PF_offset, N and minimum DRX cycle.
Proposal 9: There are some impacts on RAN3 to support PRS align to fixed DRX. Send RAN2 agreement to RAN3 to trigger the discussion.
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