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1. Introduction
The Rel-18 SID [1] for LPHAP positioning is achieved as follows:
	· Improved accuracy, integrity, and power efficiency:
· 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 this contribution, we discuss some technical enhancements about LPHAP positioning from RAN2 perspective.
2. Discussion
2.1. Identification of LPHAP UE
LPHAP (Low Power High Accuracy Positioning) service aims to perform high accuracy positioning while saving UE’s power. According to TS22.104 [2], the service is especially applied in warehousing, logistics processes, autonomous driving systems, fleet management and flexible adaptation in production. The special kind of UE needs to dedicatedly perform these kind of services with very low power consumption can be called LPHAP UE, and the typical LPHAP UE includes tools or workpieces of autonomous driving systems, production machinery and assembly cells in the factory, smart meter or smart wearable devices, etc. In order to reduce power consumption, network may need to relax some configuration for LPHAP UE, for example, reduce the configured number of TRPs/PFLs/PRS resources or configure concise measurement report (larger measurement report period or less requested report samples, etc.). In the consequence, it is necessary for the network to know whether the UE is a LPHAP UE. Basically, there are 2 solutions of LPHAP UE identification:
· Direct-to-LMF solution
· UE capability indicates it is a LPHAP UE, and is directly sent to LMF via LPP message. LMF identifies the LPHAP UE via the UE capability.
· Direct-to-gNB solution
· UE capability signaling indicates it is a LPHAP UE, and is directly sent to serving gNB via RRC message. Serving gNB identifies the LPHAP UE via the UE capability.
LMF surely needs to know the UE’s attribute to relax positioning configurations properly, as all the PRS configuration transmitted to UE is determined by LMF; Moreover, it is also useful for serving gNB to acquire LPHAP UE’s capability, for example, release/resume LPHAP UE for state transition, configure suitable paging cycle or SRS/PRS configuration for LPHAP UEs in RRC_INACTIVE, etc. Therefore, the direct-to-LMF solution and/or direct-to-gNB solution should be supported, based on the specific enhancements.
In addition, the content of LPHAP capability raised some discussion in the email discussion. LPHAP UE can just simply indicate to NW the kind of capability like “I am a LPHAP UE”, then network will consider a series of relaxed positioning configurations; LPHAP UE can also indicate every UE capability corresponding to every new features similar as legacy UEs.
Proposal 1: Support LPHAP UE to send its capability directly to LMF and/or gNB for identification, based on the specific enhancements. FFS that one capability is enough, or separate capabilities of separate features are needed.
2.2.  DL/DL+UL positioning enhancement for LPHAP
In RRC_INACTIVE/RRC_IDLE state, UE’s legacy action includes monitoring a paging cycle and a PO (paging occasion) in which a paging DCI and corresponding PDSCH may contain, and/or receiving SSBs of serving cell and neighbor cell for RRM measurement. In addition for DL/DL+UL positioning, UE can be configured to receive PRS and make measurements in RRC_INACTIVE/RRC_IDLE. Each time when any of these UE action happens, UE will transit from sleep mode to active mode, which will cause additional ramp-up/ramp-down power. The relative power of receiving/transmitting signals/channels and state transition is specified in 38.840 [3] section 8.1:
Table 18: UE power consumption model for FR1
	Power State
	Characteristics
	Relative Power 

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	1 
(Optional: 0.5)

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	20

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	45

	PDCCH-only
	No PDSCH and same-slot scheduling; this includes time for PDCCH decoding and any micro-sleep within the slot. 
	100

	SSB or 
CSI-RS proc.
	SSB can be used for fine time-frequency sync. and RSRP measurement of the serving/camping cell. TRS is the considered CSI-RS for sync. FFS the power scaling for processing other configurations of CSI-RS.
	100

	PDCCH + PDSCH
	PDCCH + PDSCH. ACK/NACK in long PUCCH is modeled by UL power state. 
	300 

	UL
	Long PUCCH or PUSCH. 
	250 (0 dBm)
700 (23 dBm)



Table 19: UE power consumption during the state transistion
	Sleep type
	Additional transition energy:
(Relative power x  ms) 
	Total transition time 

	Deep sleep 
	450 
	20 ms 

	Light sleep 
	100 
	6 ms 

	Micro sleep 
	0 
	0 ms* 

	*	Immediate transition is assumed for power saving study purpose from or to a non-sleep state


It can be seen that the state transition power (from active mode to sleep mode, or from sleep mode to active mode) is the highest among all the UE actions. If DL/DL+UL positioning service triggers at RRC_INACTIVE/RRC_IDLE and UE has to receive periodic PRS, it will lead to huge ramp-up/ramp-down power consumption when UE frequently transits from deep sleep/light sleep to active state in order to receive each PRS instance. Therefore, reducing the number of state transition in PRS reception is one of a key enhancement for the purpose of DL positioning power saving. In general, there are several ways for reducing the number of state transition when receiving PRS in RRC_INACTIVE or RRC_IDLE.
2.2.1.  Simplified PRS configuration
The most straightforward way is to reduce the number of PRS resource or reduce the receive power of a single PRS resource in RRC_INACTIVE/RRC_IDLE for LPHAP UE. This can be achieved by LMF to configure concise PRS configuration, For example the PRS frequency layer for LPHAP UE is limited to 1, the PRS symbol is limited to 1, or the configured TRP number is reduced, etc. The prerequisite is that LMF needs to know this is a LPHAP UE. Note that this doesn’t mean LMF is aware of LPHAP UE’s RRC state, because it is assumed that LPHAP UE is always in RRC_INACTIVE/RRC_IDLE state.
Therefore, the specification impact of this solution might be that adding new candidate values in the assistance data.
Proposal 2: Support LMF to provide low capability PRS configuration to LPHAP UE.
2.2.2.  PRS is configured close to SSBs
In the previous discussion, some companies mentioned a similar solution that the PRS should be aligned with DRX cycle. However in RRC_INACTIVE/RRC_IDLE, only paging cycle, PO and PF are specified and configured, there is no explicit DRX on and DRX off rule as that in RRC_CONNECTED. During the PO period, the UE can be assumed as in DRX on state, however during the time when the UE is not in a PO but in the RC_INACTIVE period, UE still needs to receive SSB and possibly the SIB. That is to say, even if UE is restricted to receive PRS only in the PO, UE still needs to receive SSB that are not in the PO, which can not save much UE power since UE wakes up to receive SSB will anyway cause transition power. Therefore, RAN2 should consider this and design enhancements between PRS and PO, or PRS with SSB in RRC_INACTIVE state.
Observation 1: There is no explicit DRX on and RDX off rule in RRC_INACTIVE/RRC_IDLE. Even if UE is restricted to receive PRS only in the PO, UE still needs to receive SSB that are not in the PO, which can not save much UE power since UE wakes up to receive SSB will anyway cause much transition power.
PRS and SSB are both periodical and can be received during RRC_INACTIVE/RRC_IDLE state. As can be seen in the figure 1, if the time offset between a PRS and a SSB is within 6 ms, UE will be in micro sleep and doesn’t consume ramp-up/ramp-down power according to Table 19 in 38.840. Therefore, one way is to configure PRS to be close with SSB’s time position to reduce state transition power.
[image: figure 1]
Figure 1. Example of PRS and SSB power consumption when different sleep mode applies
The issue is how to align PRS configuration and SSB configuration in time domain. PRS is configured by each TRP and gathered by LMF, in the meanwhile, the time domain position of SSB is determined per frequency band, different TRPs/cells having different frequency bands own the different SSB time position, and this is gathered by gNB. So when each TRP configures PRS based on LMF’s request, the TRP can configure the PRS periodicity and/or slot/symbol offset to be close with its SSB time position. Therefore, the specification impact is that, LMF sends explicit request to TRPs for configuring PRS to align with SSB, then TRPs returns the configured PRS configuration to LMF. In addition, from our point of view this is the enhancement that RAN2 and/or RAN3 should take care of, with the signaling procedures involved.
Proposal 3: Support RAN2 to study PRS configuration to align with SSBs. 
2.2.3.  PRS reception is limited in a time period
Periodic PRSs come from multiple TRPs and may be distributed in different slots with long interval during RRC_INACTIVE/IDLE. From the above analysis, the more individual PRS instances exist, the higher ramp-up/ramp-down power generates. Another way to reduce the number of state transition is to configure PRS reception only in a limited time period within the duration of RRC_INACTIVE/IDLE. Like figure 2 indicates, this time period, also can call it PRS reception window, restricts the number of PRS instances so that the total power of receiving PRS can be decreased.
[image: ]
Figure 2. Example of PRS reception window in RRC_INACTIVE/RRC_IDLE
RAN4#104e[4] meeting has also achieved the following agreement:
	GtW Agreement:
Requirements for PRS measurement in INACTIVE apply provided that all PRS resources within a PFL are configured within up to [2] separate windows within [Tavailable], where each window is up to [5 or 10] ms.
FFS on the location of windows.
FFS on whether there is impact on signalling


RAN4 has already agreed to add the PRS reception window in RRC_INACTIVE. From RAN2 perspective, There are up to 2 windows within Tavailable, the window length is 5 or 10 ms. As for the parameters of the start time of the window, there may exist several ways:
· Configure absolute time
· Configure time offset between the window start and the PO in one paging cycle
As RAN4 will decide the detail of location of windows, from RAN2 perspective, further issue is that whether the PRS reception window can be configured by LMF or the serving gNB, and the corresponding possible specification impact are listed as below:
· If the PRS reception window is configured by serving gNB like PPW configuration in RRC_CONNECTED state, UE may not be able to apply PRS reception window after cell re-selection occurs. This can be resolved by configure the PRS reception window per RNA rather than per cell. 
· The PRS reception window can also be configured by LMF for LPHAP UE, and this will always on until the end of positioning session. With this solution, LMF will have to acquire the paging cycle related configurations from gNB.
Observation 2: RAN4 has agreed to introduce PRS reception window in RRC_INACTIVE state.
Proposal 4: Support RAN2 to further study the configuration of PRS reception window in RRC_INACTIVE, especially on whether the PRS reception window should be configured by LMF or the serving gNB.
2.3.  UL/DL+UL positioning enhancement for LPHAP
In Rel-17, the following agreements are achieved:
	Agreement of RAN2#116-bis:
· The SRSp configuration is considered as invalid if TA is not valid.
· When cell reselection is performed and UE initiates RRC resume procedure to the cell which is different from the cell in which the SRSp is configured, the TA timer configuration for SRS should be released.
· The SRSp configuration is released when the UE sends RRCResumeRequest to a cell other than the cell where it is released to RRC_INACTIVE state.
Agreement of RAN2#117:
· TA timer configuration of SRS for positioning (SRSp) is invalidated upon any cell reselection (i.e. even if the UE does not initiate the RRC resume procedure) 


These agreements indicate that, the SRS configuration for RRC_INACTIVE is only restricted in the serving cell that the UE connects lastly. If inactive UE moves to another cell and cell re-selection is performed (like figure 3 indicates) while UE still needs positioning (which is very likely to happen in a large factory area as use case 6 indicates), UE has to transition to RRC_CONNECTED to receive new SRS configuration embedded in RRC reconfiguration every time UE performs cell re-selection. The frequent UE RRC state transition will lead to a huge power waste. Therefore, Rel-18 should further enhance the UE mobility of UL positioning in RRC_INACTIVE, in order to ensure the low power consumption. 
[image: ]
Figure 3. SRS mobility in RRC_INACTIVE
In general, this can be done through several options:
· Option 1: Multiple cell’s SRS configuration can be pre-configured by the serving gNB
· In this way, the multiple cell’s SRS configuration can be pre-configured by the last serving gNB that releases the UE into RRC_INACTIVE. Each SRS configuration can be associated with the cell ID, when UE re-selects to one cell, the corresponding SRS configuration of the cell should be adopted.
· Option 2: One SRS configuration is applied to multiple cells, i.e., validity area
· Similar as SL-PRS configuration with validity area, the SRS configuration is configured with a cell list, i.e., validity area by the last serving gNB that releases the UE into RRC_INACTIVE. UE will utilize the SRS configuration as long as the UE does not move out of the range of the cell list.
The two options share the same principle but with different ways of configuration. Therefore, we suggest RAN2 to consider the two options.
Proposal 5: For SRS configuration of LPHAP UE, support RAN2 to study the following options:
· Option 1: Multiple cell’s SRS configuration can be pre-configured by the serving gNB
· Option 2: One SRS configuration is applied to multiple cells, i.e., validity area

3. Conclusion
Observation 1: There is no explicit DRX on and RDX off rule in RRC_INACTIVE/RRC_IDLE. Even if UE is restricted to receive PRS only in the PO, UE still needs to receive SSB that are not in the PO, which can not save much UE power since UE wakes up to receive SSB will anyway cause much transition power.
Observation 2: RAN4 has agreed to introduce PRS reception window in RRC_INACTIVE state.
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Proposal 1: Support LPHAP UE to send its capability directly to LMF and/or gNB for identification, based on the specific enhancements. FFS that one capability is enough, or separate capabilities of separate features are needed.
Proposal 2: Support LMF to provide low capability PRS configuration to LPHAP UE.
Proposal 3: Support RAN2 to study PRS configuration to align with SSBs. 
Proposal 4: Support RAN2 to further study the configuration of PRS reception window in RRC_INACTIVE, especially on whether the PRS reception window should be configured by LMF or the serving gNB.
Proposal 5: For SRS configuration of LPHAP UE, support RAN2 to study the following options:
· Option 1: Multiple cell’s SRS configuration can be pre-configured by the serving gNB
· Option 2: One SRS configuration is applied to multiple cells, i.e., validity area
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