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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], focusing on a limited list of RAN1-centric objectives. Then, it was updated to include more objectives in RAN1#91e [2]. During the last meetings, there were some agreement made for the positioning for UEs in RRC_INACTIVE state and on-demand PRS as below [3][4]:
	Agreement:
From RAN1 perspective, it is feasible to support transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning under certain validation criteria
· FFS: Type(s) of SRS for positioning (i.e., periodic, semi-persistent, aperiodic)
· FFS: Details of validation criteria which may also be discussed in RAN2
· Send LS to RAN2 informing them of this agreement
Agreement:
Open loop power control defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.
Agreement:
Spatial relation defined in Rel.16 for transmission of SRS for positioning by RRC_CONNECTED UEs is applicable for RRC_INACTIVE UEs.
Conclusion:
It is up to RAN2 to define TA procedures for SRS for positioning transmission by RRC_INACTIVE UEs.
Agreement:
· The following lists of on-demand DL-PRS parameters are discussed/prepared by RAN1 and provided as input to RAN2:
· List#1: List of parameters for UE-initiated on-demand DL PRS request
· List#2: List of parameters for LMF-initiated on-demand DL PRS request
· For the following lists of on-demand DL-PRS parameters, send an LS to RAN2 to check whether RAN2 would like RAN1 to send the list of parameters and request feedback as early as possible:
· List #3: List of parameters for UE-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
· List #4: List of parameters for LMF-initiated on-demand DL PRS request associated with pre-configured set of on-demand DL PRS configurations
Agreement:
At least the following list of on-demand DL PRS parameters is supported for UE-initiated and LMF-initiated on-demand DL PRS requests
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
Conclude on remaining parameters at RAN1#106-bis-e
Agreement:
· Send LS to RAN2 with the outcome of RAN1 discussion on types of SRS for positioning to be supported by UEs in RRC_INACTIVE state
· From RAN1 perspective, support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible
· It is up to RAN2 to confirm support of semi-persistent SRS for positioning by RRC_INACTIVE UEs and determine necessary signalling details
Agreement:
· For RRC_INACTIVE UEs, SRS for positioning bandwidth, SCS and CP type are configured by RRC and can be different from that of initial UL BWP configured by the system information
Agreement:
· For OLPC of SRS for positioning transmission by RRC_INACTIVE UEs,
· Reuse validity criteria for pathloss measurement defined for RRC_CONNECTED UEs in Rel.16
· FFS: UE fallback behavior (i.e. whether to reuse fallback to pathloss measurement by RRC_INACTIVE UE for the cell, from which the SS/PBCH is received to obtain MIB, is not accurate) 
· For spatial relation of SRS for positioning transmission by RRC_INACTIVE UEs,
· FFS: Whether to define validity criteria or reuse validity criteria for OLPC pathloss measurement to determine whether spatial relation with configured RS is valid
Agreement:
· The following list of parameters is supported for UE-initiated and LMF initiated on-demand DL PRS request
· Start/end time of DL PRS transmission
· DL PRS resource repetition factor
· Number of DL PRS resource symbols per DL PRS resource 
· DL-PRS CombSizeN
· Number of DL PRS frequency layers
· ON/OFF indicator (for LMF initiated request only)
· FFS values for requested on-demand DL PRS parameters and whether parameters are resource-specific, TRP-specific, or PFL-specific
Agreement:
· From RAN1 perspective, in RRC_INACTIVE state, reception of DL PRS has lower priority than other DL signals/channels (SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT)
· FFS how to determine conflicts in DL PRS and other DL signals/channels reception by UE
· FFS how to handle retuning time for the case when DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP
· Send LS to RAN4 (cc RAN2) and ask if there is any feedback


In this contribution, we continue to discuss some RAN1 remaining issues of the positioning for UEs in RRC_INACTIVE state and on-demand PRS. 
2. Discussion
Positioning for UE in RRC_INACTIVE state 
[bookmark: _Hlk60832568]In the latest RAN1 meeting, it was agreed that it is beneficial to support SRS for positioning by UEs in RRC _INACTIVE state from RAN1 point of view. Accordingly, a LS with this agreement was sent to RAN2. Regarding this RAN1 agreement, there are two FFS parts needed further discussion.
 There were different views on what type(s) of SRS for positioning is supported by UEs in RRC_INACTIVE state. Some companies suggested to only support periodic or periodic plus semi-persistent SRS for positioning. The main motivation is that the solution is simple, thereby avoiding the complicated design for aperiodic SRS triggering in RRC_INACTIVE state. On the other hand, some other companies had concern on the higher power consumption of periodic SRS transmission for positioning and thought it is conflicted with the motivation of low power consumption to introduce SRS for positioning in RRC_INACTIVE state. Therefore, these companies suggested to support aperiodic SRS for positioning in RRC_INACTIVE state.
Meanwhile, RAN2#115-e meeting made the following agreement for this issue [5]
	Agreement:
gNB can configure the UE with periodic SRS (assuming periodic SRS is supported in RRC_INACTIVE) by RRCRelease with suspendConfig at least when periodic event is configured for deferred MT-LR.  Other cases can be further discussed.


RAN1#106ibs meeting also agreed that support of semi-persistent SRS for positioning by RRC_INACTIVE UEs is feasible from RAN1 perspective. The remaining issue is whether the aperiodic SRS is supported or not for this case. 
From technical point of view, each type of SRS for positioning in RRC_INACTIVE state has its own benefit in some case(s) and also has its own disadvantage(s). Based our evaluation, UL or DL+UL positioning method based on SRS will consume more power than DL positioning method in typical use cases. Even aperiodic SRS for positioning cannot offer low power consumption. Thus, the complexity issue should be the key factor from UE perspective. Following this principle, we have the following proposals.
Proposal 1: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, aperiodic SRS for positioning is not supported in Rel-17.
RAN1 has agreed that for RRC_INACTIVE UEs, the reception of some other DL channels/signals (e.g., SSB, SIB1, CORESET0, MSG2/MSGB, paging, DL SDT) is prioritized. During the discussion, there was proposal from some companies that there should be some guard period for UE to retune between the reception of PRS and the reception of DL initial BWP. From the perspective of UE implementation, when the DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP, there should be an interval for UE to do a retune. Thus, we support to have a guard period/transient period for this case:
Proposal 2: When the DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP, Rel-17 supports a guard/transient period for UE to return between the reception of PRS and the reception of other DL signals/channels.
· The value of guard/transient period is defined by RAN4
There is another remaining issue on how to determine the collision of PRS and other signals. For the reception of PRS, the measurement window depends on the configuration of PRS, nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty. If the gap between this measurement window and other DL signals/channels is less than the above-mentioned guard/transient period, the collision occurs.
Proposal 3: When the DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP, the collision occurs once the gap between this measurement window and other DL signals/channels is less than the above-mentioned guard/transient period.
· The above measurement window depends on the configuration of PRS, nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
On-demand PRS
In RAN1#106-e meeting, three parameters ere agreed as below [3]:
1.	 DL PRS Periodicity
2.	 DL PRS resource bandwidth
3.	 DL PRS QCL information
In addition, more parameters are agreed in RAN1#106bis-e meeting:
1. Start/end time of DL PRS transmission
2.    DL PRS resource repetition factor
3.    Number of DL PRS resource symbols per DL PRS resource 
4.    DL-PRS CombSizeN
5.    Number of DL PRS frequency layers
6.    ON/OFF indicator (for LMF initiated request only)
There were some other parameters for further discussion and decision as below:
· Beam directions
· DL PRS resource time gap
· Number of DL PRS resources per DL PRS resource set
· DL-PRS start PRB
· Number of TRPs
· MG-less PRS processing indicator
Among the above parameters, we don’t see the clear motivation/benefit for the following two parameters. It seems no impact on the positioning latency or accuracy:
· DL PRS resource time gap
· DL-PRS start PRB
Regarding “number of DL PRS resources per DL PRS resource set”, the intention is not clear:
· If the intention is to suggest more repetition of the same beam(s), it can be achieved by the parameters of Periodicity (which was agreed) and/or repetition factor
· If the intention is to suggest more or less beams for transmission, it seems not work since how many beams can be used depends on the TRP capability. Moreover, “beam directions” can provide more accurate information of the angles for the DL PRS transmissions.
Thus, at most one between “beam directions” and “number of DL PRS resources per DL PRS resource set” is needed for on-demand PRS.
For MG-less PRS processing indicator, this information seem only beneficial for gNB, rather than LMF, since LMF is not aware of the active data transmission of UE. 
Based on the above discussions, we have the following proposal:
Proposal 4: For Rel-17 on-demand PRS,
· Not support DL PRS resource time gap
· Not support DL-PRS start PRB 
· At most support one of 
· beam directions
· number of DL PRS resources per DL PRS resource set 
· Not support MG-less PRS processing indicator
· FFS: any request triggered by UE to gNB via RRC signaling
Another open issue is whether parameters are resource-specific, TRP-specific, or PFL-specific. In theory, we can allow UE to request the values of these parameters in a finer granularity, e.g., resource-specific, in order to get the most flexibility. However, it doesn’t provide gains at the cost of larger signaling overhead.
Another way is to follow the same IE level of LPP signaling in the current spec. That is to say, if a parameter is configured by LPP as resource-specific, the parameter for on-demand PRS is also resource-specific.
The third way is that all the parameters are PFL-specific. This approach is the most simple and sufficient for most typical cases. Thus, it is our first preference. 
Proposal 5: Regarding whether on-demand DL PRS parameters are resource-specific, TRP-specific, or PFL-specific, down-select one of the following alternatives:
· Alt.1: follow the same IE level of LPP signaling in the current spec
· if a parameter is configured by LPP as resource-specific, the parameter for on-demand PRS is also resource-specific.
· if a parameter is configured by LPP as PFL-specific, the parameter for on-demand PRS is also PFL-specific.
· Alt.2: all the parameters for on-demand PRS are PFL-specific
· Alt.2 is our first preference

3. Conclusion
In this contribution, we presented our views on the positioning for UEs in RRC_INACTIVE state and on-demand PRS from RAN1 perspective. Based on the discussion, the following proposals were made:
Proposal 1: For transmission of SRS for positioning by UEs in RRC _INACTIVE state for UL and DL+UL positioning, aperiodic SRS for positioning is not supported in Rel-17.
Proposal 2: When the DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP, Rel-17 supports a guard/transient period for UE to return between the reception of PRS and the reception of other DL signals/channels.
· The value of guard/transient period is defined by RAN4
Proposal 3: When the DL PRS and other DL signals/channels are allocated in different BW and/or have the same or different SCS as initial DL BWP, the collision occurs once the gap between this measurement window and other DL signals/channels is less than the above-mentioned guard/transient period.
· The above measurement window depends on the configuration of PRS, nr-DL-PRS-ExpectedRSTD and nr-DL-PRS-ExpectedRSTD-Uncertainty.
Proposal 4: For Rel-17 on-demand PRS,
· Not support DL PRS resource time gap
· Not support DL-PRS start PRB 
· At most support one of 
· beam directions
· number of DL PRS resources per DL PRS resource set 
· Not support MG-less PRS processing indicator
· FFS: any request triggered by UE to gNB via RRC signaling
Proposal 5: Regarding whether on-demand DL PRS parameters are resource-specific, TRP-specific, or PFL-specific, down-select one of the following alternatives:
· Alt.1: follow the same IE level of LPP signaling in the current spec
· if a parameter is configured by LPP as resource-specific, the parameter for on-demand PRS is also resource-specific.
· if a parameter is configured by LPP as PFL-specific, the parameter for on-demand PRS is also PFL-specific.
· Alt.2: all the parameters for on-demand PRS are PFL-specific
· Alt.2 is our first preference
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