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1. Introduction
In the RAN #98 meeting, a new WID on Expanded and Improved NR positioning has been made. Specifically, the objectives on the LPHAP has been finalized to further pursue the power efficiency of NR positioning, as indicated as follows (RAN2 work is highlighted in yellow): 
· Specify enhancements for enabling LPHAP use-case 6 as defined in TS22.104 including:
· Extending eDRX cycle beyond 10.24s in RRC_INACTIVE state towards meeting the battery life requirement for LPHAP [RAN2, RAN3, RAN4]
· Positioning-specific enhancement for eDRX cycle beyond 10.24s to be defined as part of Rel-18 WI on expanded and improved NR positioning.
· Note: Work on this objective should be coordinated with that in Rel-18 WI on eRedCap. Towards this, the feature of extending eDRX cycle beyond 10.24s should be defined as part of Rel-18 WI on eRedCap.
· NOTE: Inputs from RAN1 as necessary may be facilitated via LSs
· For UL and DL+UL positioning for UEs in RRC_INACTIVE state, specify SRS configuration enhancements based on SRS positioning validity area to avoid frequent RRC connection for SRS (re)configuration [RAN2, RAN1, RAN3]
· 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.
· Pre-configuration of one or multiple SRS for positioning configurations [RAN2, RAN3].
· SRS for positioning activation/request procedure(s) [RAN2, RAN1].
· Specify solutions for DL PRS measurements for a UE in RRC_IDLE state and reporting of the measurements in RRC_CONNECTED state [RAN2].
· Specify solutions for alignment between eDRX and PRS configurations [RAN2].
· Specify corresponding new core requirements, as well as identifying and specifying the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].




















Subsequently, in the last RAN2#121 meeting, agreements regarding LPHAP have been achieved as follows:


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.






In this paper, we would like to further address our views on the LPHAP WI objectives.
2. Discussion
2.1 Alignment between eDRX and PRS configurations
In the R18 SI phase, RAN2 agrees to specify solutions for alignment between eDRX and PRS configurations since such alignment could save the UE power for performing the PRS measurement during the DRX ‘off’ period. However, the DRX configuration consisting of PF, PO, paging search space comes from the serving gNB while the DL-PRS configuration such as dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-ResourceSlotOffset, dl-PRS-ResourceTimeGap, etc, comes from the LMF not only collecting the configuration from the serving gNB but also from the anchor TRPs. As can be easily found, the alignment between eDRX and PRS configuration should be done between serving gNB, LMF and anchor gNBs.
Observation 1: alignment between eDRX and PRS configurations should be done between serving gNB, LMF and anchor gNBs since the DRX configuration comes from the serving gNB and the DL-PRS configuration comes from the LMF not only collecting the configuration from the serving gNB but also from the anchor TRPs.
Obviously, there exist two approaches of implementation of the alignment: to align the DRX with the fix DL-PRS timing allocation and to align the DL-PRS timing allocation with the fix DRX. 
To align the DRX with the fix DL-PRS timing pattern, the serving gNB needs to obtain the knowledge of other anchor gNBs’ DL-PRS timing pattern. Note that, conventionally, the LMF sends the anchor TRPs’ DL-PRS configuration towards the UE by taking advantage of the LPP ProvideAssistanceData msg, and hence such configuration is transparent to the serving gNB. So enhancement such as letting the LMF also forward the anchor TRPs’ DL-PRS configuration via the NRPPa protocol towards the serving gNB could be made. However, DRX may not be easily changed according to the TRPs DL-PRS configuration, since the DRX applies to all UEs under the coverage of one serving gNB. For instance, suppose there are two UEs sharing the same paging monitoring timing occasion, such as the same PF and PO but with different ue-Identity as the paging ID; if the DL-PRS transmitted from one particular TRP is configured towards the UE1, and the network would like to align the DRX with the fixed DL-PRS window, the UE2 needs to change its DRX setting also, as illustrated in the following figure:


Figure 1: DRX setting of UE2 will be influenced by the DL-PRS configuration of UE1
Observation 2: if aligning the DRX with the fix DL-PRS timing pattern is applied, all UEs sharing the same DRX setting with the UE with the DL-PRS configuration will be impacted in terms of the DRX setting. 
On the other hand, if to align the DL-PRS timing allocation with the fix DRX, the anchor TRPs need to be informed of the serving gNB’s DRX information. This could be done when the LMF sends a NRPPa msg such as the NRPPa TRP INFORMATION REQUEST msg towards anchor gNBs. From our point of view, this approach is preferred, since the TRP could flexibly add additional/ change DL-PRS on the suitable timing occasions if necessary.
Proposal 1: RAN2 to agree to align the DL-PRS timing pattern with the fixed DRX. 

2.2 Positioning in RRC_Idle state
There exist three problems to be solved to perform positioning in RRC_Idle state. Firstly, how to configure the DL-PRS towards UE for performing DL-PRS measurement in the RRC_Idle state. Secondly, how to guarantee the positioning service continuity when UE moves from one particular cell to another. Thirdly, how to report the DL-PRS measurement result to the network.
We think that the solution for the first problem could be similar with the one of performing positioning in RRC_Inactive state, where the DL-PRS configuration to be applied in the RRC_Inactive state is sent towards the UE in the LPP msg when the UE is still in the RRC_Connected state. In addition, according to the TS 23.273. 6.7.3 Event Reporting in RRC INACTIVE state for DL Positioning, RAT Independent Positioning or No Positioning, at step 16 in clause 6.3.1, the LMF indicates to the UE that DL positioning, RAT Independent positioning or no positioning will be used for subsequent location reporting events when the UE is in RRC_INACTIVE state.
Proposal 2: RAN2 to agree that the DL-PRS configuration to be applied in the RRC_Idle state could be sent towards the UE in the LPP msg when the UE is still in the RRC_Connected state and the LMF indicates to the UE that DL positioning will be used for subsequent location reporting events when the UE in RRC_IDLE state.
In R17 positioning WI, the DL positioning for the RRC_Inactive state was specified. Especially, the UE will apply the SDT mechanism to report the DL-PRS measurement results towards the network via a LPP msg included in the UL NAS TRANSPORT message, according to the TS 23.273. section 6.7.3. However, SDT can be no longer used if some defined conditions are met, such as DL-RSRP being lower than a configured threshold, upon cell re-selection, expiry of the SDT failure detection timer, a MAC entity reaching a configured maximum PRACH preamble transmission threshold, etc. Upon unsuccessful completion of the SDT procedure, the UE transits to RRC_IDLE, and as a result, the UE cannot perform the DL positioning in the RRC_Inactive state. On the contrast, in the RRC_Idle state, the UE transits back to the RRC_Connected state to report the DL-PRS measurement result and therefore the continuity of the positioning could be kept from the UE mobility such as reselection from cell A to cell B. However, we need to confirm that DL-PRS configuration sent to UE in the RRC_Connected state could be valid in a large area.
Proposal 3: RAN2 to agree that the DL-PRS configuration to be applied in the RRC_Idle state could be valid in a large area, i.e., list of cells, to keep the continuity of the positioning service in the RRC_Idle state.
Finally, according to the current initial access procedure, following signaling msg needs to be transferred between the UE and the network, before the UE can send the ciphered and integrity protected location measurement results towards the network:
1. UE performs RACH procedure towards the network (2 UL and 2 DL msg).
2. UE sends the registration request towards the network, in which the 5G-GUTI ID is included (1 UL msg). 
3. The network triggers authentication request procedure towards the UE (1 UL +1 DL).
4. NAS and AS Security Mode activation procedure are triggered towards the UE ( 2UL + 2DL)
Indeed, the UE needs to experience 6 pieces of UL msg transmission and 5 DL msg reception before sending the location measurement results towards the network. But, according to [22.104 A 7.2], the representative use case #6 requires a long long-period positioning interval, i.e., 15s to 30s, which means that the UE only needs to transit to the RRC_Connected state to report the measurement results every 15~30 second. So, even if the UE needs to transit back to the RRC_Connected state to transmit the DL-PRS measurement result towards the network, we still think that cipheration and integrity protection should be enabled before sending the DL-PRS measurement result towards the network.
Proposal 4: RAN2 to agree to let UE be enabled for the cipheration and integrity protection before transmission of the DL-PRS measurement results.

2.3 Necessity of the SRS Configuration Update Request?
According to the TS 23.273, when a positioning event is detected by the UE in the RRC_inactive state, the UE should send an RRC Resume Request containing an UL NAS TRANSPORT msg that includes a supplementary services event report msg to a receiving gNB via small data transmission. Then the AMF will check the received msg, let the receiving gNB to configure a UL configuration including the SRS for the UE, and inform other gNBs of the SRS configuration to perform the SRS positioning measurement later. Finally, the UE will be notified of the UL configuration via the RRC Release with suspend msg, and then performs the SRS transmission accordingly in the RRC_inactive state. As could be found, the SRS to be transmitted is obtained from the camping gNB, right after the UE detects a new positioning event in the RRC_inactive state. The possibility of UE changing the SRS validity area in such cases is very low, as indicated in the following figure.


Figure 2: the possibility of UE changing a SRS validity area after UE receives the RRC release including the UL configuration but before the SRS transmission is low
Observation 3: In the RRC_inactive state UL positioning mode, the SRS to be transmitted is obtained from the camping gNB, right after the UE detects a new positioning event in the RRC_inactive state. The possibility of UE leaving the SRS validity area in such cases is very low.
As a result, we doubt the usefulness of applying the SRS configuration update request in the scenario of UE leaving the configured SRS validity area. Also, note that if the new serving gNB does not support the SDT feature, i.e., RA-based SDT procedure is not supported, the UE, in such cases, should perform the whole RACH procedure to come into the RRC_Connected state to transmit the RRC SRS configuration update request msg towards the network, which is not power efficient for the LPHAP.
Observation 4: if the new serving gNB does not support the SDT feature, i.e., RA-based SDT procedure is not supported, the UE, in such cases, should perform the whole RACH procedure to come into the RRC_Connected state to transmit the RRC SRS configuration update request msg towards the network, which is power inefficient for the LPHAP.
In our opinion, some other solution should be pursed, e.g., allowing the UE to be silent (does not transmit the SRS) in such corner cases. Further discussion is needed. Hence, we propose RAN2 to agree that UE should not transmit the SRS configuration update request msg if the UE has been configured with the SRS configuration but leaved the SRS configuration area.
Proposal 5: RAN2 to agree that UE should not transmitt the SRS configuration update request msg if the UE has been configured with the SRS configuration but leaved the SRS configuration area.
On the other hand, regarding the scenario of initiation of the positioning procedure during RRC_INACTIVE if the location event is detected, we think that sending the event report towards the LMF is for the LMF to know that a location event is triggered at the UE and therefore, to activate the SRS positioning measurement, the neighbouring gNB should be informed of the SRS configuration of the UE via the non-UE associated Network Assistance Data procedure, besides sending a SRS configuration towards the UE, as indicated in the 6.7.4 section of the TS 23.273. Without the event report or another UL msg, say, the SRS configuration update msg, to be used, the UL positioning procedure cannot be accomplished. Furthermore, the core of the event report and the RRC SRS configuration update request msg is the same: they all require the UE to perform the UL transmission towards the network. In conclusion, we are not convinced by the reason why instead of the event report, the RRC SRS configuration update msg should be applied by the UE to inform the network of the demand of a UL positioning procedure.
Observation 5: sending the event report towards the LMF is for the LMF to know that a location event is triggered at the UE and therefore, to activate the SRS positioning measurement, the neighbouring gNB should be informed of the SRS configuration of the UE via the non-UE associated Network Assistance Data procedure, besides sending a SRS configuration towards the UE, as in indicated in the 6.7.4 section of the TS 23.273.
Observation 6: the core of the event report and the RRC SRS configuration update msg are the same: they all require the UE to perform the UL transmission towards the network.
Proposal 6:  RAN2 to agree that UE should not transmit the SRS configuration update request msg if a location event is detected at the UE.
3. Conclusion and proposals
RAN2 is kindly asked to discuss and adopt the following observations and proposals:
Proposal 1: RAN2 to agree to align the DL-PRS timing pattern with the fixed DRX. 
Proposal 2: RAN2 to agree that the DL-PRS configuration to be applied in the RRC_Idle state could be sent towards the UE in the LPP msg when the UE is still in the RRC_Connected state and the LMF indicates to the UE that DL positioning will be used for subsequent location reporting events when the UE in RRC_IDLE state.
Proposal 3: RAN2 to agree that the DL-PRS configuration to be applied in the RRC_Idle state could be valid in a large area, i.e., list of cells, to keep the continuity of the positioning service in the RRC_Idle state.
Proposal 4: RAN2 to agree to let UE be enabled for the cipheration and integrity protection before transmission of the DL-PRS measurement results.

Observation 3: In the RRC_inactive state UL positioning mode, the SRS to be transmitted is obtained from the camping gNB, right away after the UE detects a new positioning event in the RRC_inactive state. The possibility of UE leaving the SRS validity area in such cases is very low.
Observation 4: if the new serving gNB does not support the SDT feature, i.e., RA-based SDT procedure is not supported, the UE, in such cases, should perform the whole RACH procedure to come into the RRC_Connected state to transmit the RRC SRS configuration update request msg towards the network, which is not power efficient for the LPHAP.
Proposal 5: RAN2 to agree that UE should not transmitt the SRS configuration update msg if the UE has been configured with the SRS configuration but leaved the SRS configuration area.

Observation 5: sending the event report towards the LMF is for the LMF to know that a location event is triggered at the UE and therefore, to activate the SRS positioning measurement, the neighbouring gNB should be informed of the SRS configuration of the UE via the non-UE associated Network Assistance Data procedure, besides sending a SRS configuration towards the UE, as in indicated in the 6.7.4 section of the TS 23.273.
Observation 6: the core of the event report and the RRC SRS configuration update msg are the same: they all require the UE to perform the UL transmission towards the network.
Proposal 6:  RAN2 to agree that UE should not transmit the SRS configuration update request msg if a location event is detected at the UE.
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