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Introduction
In March, RAN#91 approved the positioning enhancement WI update [1] with the following objective.
	· [bookmark: _Hlk67643273]Specify methods, measurements, signalling and procedures to support positioning for UEs in RRC_ INACTIVE state, for UE-based and UE-assisted positioning solutions, including [RAN2, RAN1, RAN3,RAN4]:
· DL NR positioning methods and RAT-independent positioning methods 
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Reporting of positioning measurement or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE state
Note: this work will be coordinated with the SDT WI. 
· As 2nd priority:
· UL and DL+UL NR positioning methods
· Support of gNB positioning measurements for UEs in RRC_INACTIVE state



We believe that the enhancement for DL positioning methods in RRC_INACTIVE should be discussed in RAN2, and there is currently nothing that RAN1 is expected to handle. However for the UL part, in the TR RAN1 made the recommendation, and RAN2 confirmed the recommendation, but due to limited time, the enhancement was not well discussed in detail.
We think supporting UL and DL+UL positioning methods in RRC_INACTIVE state without imparity with DL is crucial for operators that already deployed the methods for RRC_CONNECTED state in Rel-16. In this way, the same positioning methods can be enhanced and used in Rel-17 for RRC_INACTIVE state, which targets lower power consumption and thus long battery life. As a result, it avoids either replacing the existing methods, or using different positioning methods for RRC_CONNECTED and RRC_INACTIVE.
Observation 1: Support of UL and DL+UL positioning methods in RRC_INACTIVE state is important to the completion of the feature of INACTIVE state positioning.

Power model for INACTIVE state UL positioning
A typical UE power model for UL positioning in INACTIVE state can be shown in Figure 1, composed of ramping up, SSB sync, maintaining synchronization, SRS Tx, ramping down, and the remaining time is deep sleep.
[image: ]
[bookmark: _Ref71378155]Figure 1 UE power state transit in INACTIVE UL positioning (Sync + SRS Tx)
In our understanding, the use cases calling for INACTIVE state positioning should not target low latency requirement, so that the SRS periodicity can be up to the level of seconds. This gives an opportunity for aligning with SRS transmission with the paging occasion for the UE, where the UE power model is shown in Figure 2.
[image: ]
[bookmark: _Ref71379316]Figure 2 UE power state transit in INACTIVE UL positioning (Sync + SRS Tx + Paging)

To key to the UE power saving in INACTIVE state is reducing the UE wake-up time, so that a single wake-up event can be composed of multiple localized sub-events including Sync, SRS Tx, and paging reception, if needed, and the wave-up events will only last for less than 10 msec, excluding the ramp-up/down period.
In addition, if UE procedure and protocol stack during wake-up can be simplified, it will give the opportunity to have an even deeper sleep mode to further reduce the UE power consumption during the sleep time, as the PSS state shown in TR 45.820 [5]. The power consumption of PSS state can be  as shown in Table 1.

[bookmark: _GoBack][image: ]
Figure 3 (Figure 5.4-1 of [5]) Example of events affecting energy consumption for IP packet exchange.
[bookmark: _Ref71379265]Table 1 (Table 5.4-1 of [5]) Key input parameters for energy consumption analysis
	(1) Battery capacity
(Wh)
	(2) Battery power during Tx
(mW)
	(3) Battery power for Rx
(mW)
	(4) Battery power when Idle but not in PSS (mW)
	(5) Battery power in Power Save State (PSS)
(mW)
	(6) Time between end of IP packet carrying "report" and start of IP packet carrying "ack" on radio (ms)
	(7) Number of reports per day

	5
	
	
	
	[0,015]
	1000
	

	For each report (refer to Figure 5.4-1):

	(8) Rx time from PSS exit to re-entry into PSS
 (ms)
	(9) Idle time from PSS exit to re-entry into PSS 
(ms)
	(10) Tx time from PSS exit to re-entry into PSS
 (ms)
	(11) Time from last Rx or Tx activity to entry into PSS1
(ms)
	
	
	

	
	
	
	20000
	
	
	



Observation 2: Low power UL positioning is characterized by periodic wake-up events, where each wake-up event lasting less than 10 msec is composed of multiple localized sub-events, including sync, SRS Tx, and optionally paging, excluding ramp-up and ramp-down time.
Observation 3: A simple wake-up event with reduced procedure and protocol stack processing can give rise to the opportunity of an even deeper sleep mode.

SRS transmission in RRC_INACTIVE
Like configured grant type 1 in RRC_INACTIVE as currently discussed in small data transmission (SDT) work item, UE transmission of SRS in RRC_INACTIVE should also address the following issues first.
Transmission timing advance
SRS power control
Bandwidth part configuration
TA aspects
RAN2 made the following agreement on CG-SDT in RAN2#113 [3].
Agreements
1. CG-SDT resource configuration is provided to UEs in RRC_Connected only within the RRCRelease message, i.e. no need to also include it in RRCReconfiguration message 
2. CG-PUSCH resources can be separately configured for NUL and SUL.  FFS if we allow them at the same time.  This depends on the alignments CRs for Rel-16. 
3. RRCRelease message is used to reconfigure or release the CG-SDT resources while UE is in RRC_INACTIVE
4. For CG-SDT the subsequent data transmission can use the CG resource or DG (i.e dynamic grant addressed to UE’s C-RNTI). Details on C-RNTI, can be the same as the previous C-RNTI or may be configured explicitly by the network can be discussed in stage 3
5. TAT-SDT is started upon receiving the TAT-SDT configuration from gNB, i.e. RRCrelease message, and can be (re)started upon reception of TA command. 
6. From RAN2 point of view, assume similar to PUR, that we introduce a TA validation mechanism for SDT based on RSRP change, i.e.  RSRP-based threshold(s) are configured.  Ask RAN1 to confirm.  FFS on how to handle CG configuration when TA expires or when is invalid due to RSRP threshold.  Details of the TA validation procedure can be further discussed.
7. As a baseline assumption, it’s a network configuration issue whether to support multiple CG-SDT configurations per carrier in RRC_INACTIVE (i.e. we will not restrict network configuration for now).  
8. FFS Discuss further in stage 3 how to specify the agreement that CG-SDT resources are only valid in one cell (i.e. cell in which RRCRelease is received)
9. UE releases CG-SDT resources when TAT expires in RRC_Inactive state

Generally, for CG-SDT, the TA timer will be provided to the UE in the RRCRelease message. The CG-SDT can only be used when the TA timer is running, and will be released when the TA timer expires. The TA command can be received during CG-SDT transmission. In addition, a mechanism of TA validation mechanism based on RSRP was also agreed in RAN2 and asked RAN1 to confirm.
We believe that those mechanism can be reused for SRS transmission in INACTIVE state, and from RAN1 perspective, the initial TA command can be either reused from RRC_CONNECTED or provided in the RRCRelease message.
Observation 4: RAN2 work on TA maintenance for CG-SDT can be the starting point for SRS transmission in RRC_INACTIVE.
Proposal 1:  At least support the following TA maintenance for SRS transmission in RRC_INACTIVE reused from SDT.
The TA value can be either the one in RRC_CONNECTED or provided in RRCRelease.
The TA timer for SRS transmission is provided in RRCRelease.
The TA validation is based on RSRP.

Power control
Rel-15 SRS supports open-loop and closed-loop power control mechanism based on the reference signal from the serving cell only. Rel-16 positioning SRS supports open-loop power control mechanism based on the reference signal from both the serving cell and the non-serving cell. Given that the SRS transmission in RRC_INACTIVE is tasked to balance the UE power saving and positioning service availability, we do not see a strong need to consider SRS power control based on the reference signal from the non-serving cell. However, since RAN4 already defined the UE RRM requirement in RRC_INACTIVE mobility, it does not harm to introduce the power control feature if no additional UE RRM requirement is added.
Proposal 2: At least support the following power control mechanism for SRS transmission in RRC_INACTIVE based on Rel-16 feature.
Open loop power control based on 
· Reference signal from the serving cell
· Reference signal from the non-serving cell if the RRM requirement for RRC_INACTIVE state can be reused

Bandwidth part configuration
Supporting positioning for UE in RRC_IDLE/INACTIVE could reduce UE power consumption, but this does not mean that we have to sacrifice positioning accuracy. From the perspective of IIoT use cases, the same requirement for positioning accuracy is also expected for positioning UE in RRC_INACTIVE as in RRC_CONNECTED. The bandwidth for positioning reference signal could be up to 100MHz (non-CA scenarios) to meet the positioning accuracy requirements (such as 0.2m@90% for IIOT use cases) in R17 [1] as UEs in RRC_CONNECTED and we expect the same thing for RRC_ INACTIVE.
Observation 5: Rel-17 targets the same requirement of positioning accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.
Since Rel-15 network has the choice to configure BWP#0 in SIB1 with a large BW or a small BW, the network should not be enforced to remove or reduce the ability of using a small BWP#0 for initial access in order to support high positioning accuracy for UEs in IDLE/INACTIVE. This is because the BWP#0 is essentially cell-specific and is common for all UEs involved in positioning and not involved in positioning. 
Therefore, for UE positioning in RRC_IDLE/INACTIVE with the same positioning accuracy as in RRC_CONNECTED, UE should be allowed in specifications to be configured with DL and UL positioning RS with larger bandwidth than BWP#0. 
Note that based on the discussion from SDT, there was an FFS aspect regarding whether the CG-SDT can have a different BWP [4].
Agreements:
1	CG-SDT resources can be configured at the same time on NUL and SUL 
2	Implicit release of CG-SDT resource is not supported
3	UE start a window after CG/DG transmission for CG-SDT.   FFS whether to design a new timer or to reuse an existing timer.

4	Support retransmission by dynamic grant for CG-SDT. 
5	Support multiple HARQ processes for uplink CG-SDT. 
6	CG resource availability delay is not considered as a criterion for CG validation.
7	UL carrier selection is performed before CG-SDT selection
8	FFS CG-SDT resource can be configured on BWPs other than initial BWP

Proposal 3: Support a separate positioning bandwidth configuration from that of BWP#0 configured by the system information for SRS transmission in RRC_INACTIVE. 

gNB handling of SRS resources
The SRS configuration is expected to be provided to the UE in the RRCRelease message with additional TA timer and possibility RSRP threshold for TA validation. From gNB perspective, the TA timer is aligned with that of the UE. For the cases when the TA timer expires at the gNB side, gNB should consider the SRS resource is released, and the update configuration should be provided to the LMF via POSITIONING INFORMATION UPDATE. The LMF can further indicate to the TRPs to stop measurement process via MEASUREMENT ABORT.
Proposal 4: When the SRS resource is released, e.g. due to TA timer expiry, gNB should inform the LMF that the SRS resource is no longer available.

Conclusion
In this contribution, we have the following proposals regarding DL AoD enhancement in Rel-17.
Observation 1: Support of UL and DL+UL positioning methods in RRC_INACTIVE state is important to the completion of the feature of INACTIVE state positioning.
Observation 2: Low power UL positioning is characterized by periodic wake-up events, where each wake-up event lasting less than 10 msec is composed of multiple localized sub-events, including sync, SRS Tx, and optionally paging, excluding ramp-up and ramp-down time.
Observation 3: A simple wake-up event with reduced procedure and protocol stack processing can give rise to the opportunity of an even deeper sleep mode.
Observation 4: RAN2 work on TA maintenance for CG-SDT can be the starting point for SRS transmission in RRC_INACTIVE.
Observation 5: Rel-17 targets the same requirement of positioning accuracy for positioning in RRC_IDLE/INACTIVE as in RRC_CONNECTED.

Proposal 1:  At least support the following TA maintenance for SRS transmission in RRC_INACTIVE reused from SDT.
The TA value can be either the one in RRC_CONNECTED or provided in RRCRelease.
The TA timer for SRS transmission is provided in RRCRelease.
The TA validation is based on RSRP.
Proposal 2: At least support the following power control mechanism for SRS transmission in RRC_INACTIVE based on Rel-16 feature.
Open loop power control based on 
· Reference signal from the serving cell
· Reference signal from the non-serving cell if the RRM requirement for RRC_INACTIVE state can be reused
Proposal 3: Support a separate positioning bandwidth configuration from that of BWP#0 configured by the system information for SRS transmission in RRC_INACTIVE. 
Proposal 4: When the SRS resource is released, e.g. due to TA timer expiry, gNB should inform the LMF that the SRS resource is no longer available.
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