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1 [bookmark: _Ref40390915][bookmark: _Ref189046994]Introduction
In this contribution, we discuss motivation and provide some observations regarding on-demand PRS and reception of SRS in RRC_INACTIVE. 
2 [bookmark: _Ref7792543][bookmark: _Ref7598514] Discussion 
2.1 SRS in RRC_INACTIVE
SRS types for RRC_INACTIVE

The SRS for positioning can be configured with periodic, semi-persistent, and aperiodic behaviour. However, aperiodic and semi-persistent rely on DCI and  MAC-CE for transmission respectively. Clearly, aperiodic triggers should not be supported with UEs in RRC_INACTIVE, since the UE does not notify the NG-RAN and has no means of receiving and acknowledging the DCI containing the SRS request during RRC_INACTIVE. 

[bookmark: _Toc84016607]SRS for positioning aperiodic transmission is not supported in RRC_INACTIVE state

Similarly, the use of semi-persistent SRS supposes an activation and release mechanism between serving gNB and UE. For activation, the network could use the RRC release procedure to include an SP-SRS activation order.  To suspend the SRS transmission, it could be via paging the UE and going back to RRC connected state, or wait for a UE-initiated reconnection attempt.  This is a convoluted design and both of these procedures are identical to the way the periodic SRS is configured and there is therefore no gain in supporting a semi-persistent type. 

[bookmark: _Toc84016608]SRS for positioning semi-persistent transmission is not supported in RRC_INACTIVE state


 
Configuration of the SRS in RRC_INACTIVE
RAN2 has discussed that SRS may be configured in RRC_INACTIVE via a configuration sent during the RRC release message. The configuration of periodic SRS can be made more efficient if the SRS for positioning to be used in RRC_INACTIVE is already configured RRC_CONNECTED. If the UE declares the capability, the network could then “move” the SRS resource configured from connected mode to RRC INACTIVE by including one or more SRS resources or resource set ID(s) in the RRC release messages and procedure.  

[bookmark: _Toc84016609]The UE can be configured with SRS in RRC_INACTIVE by listing in the RRC release message  the applicable SRS resource sets / resource IDs currently configured SRS in RRC_CONNECTED to be kept in RRC_INACTIVE

Should The UE have limited capabilities in terms of SRS for RRC_INACTIVE, the network could then expect the UE to use  “fallback parameters” when the UE reuses a SRS configuration from RRC_CONNECTED  into RRC_INACTIVE. For example, the UE could be expected to be using a smaller bandwidth than configured in connected mode. 
[bookmark: _Toc84016610]When the  UE SRS has been originally configured in connected mode, the bandwith parameters can be configured to fallback to a predetermined value if the configured bandwidth when the UE moves to RRC_INACTIVE.
0. [bookmark: _Toc84016611]The predetermined value could be indicated via capability signalling
0. [bookmark: _Toc84016612]FFS: additional parameters beside bandwidth
 

Validation criteria
SRS parameters for spatial relation, path loss and configuration of timing advance have a limited validity time, during which they are usable by a mobile UE. For example, a UE can move out of coverage from the Rx beam used to receive the SRS, or the path loss between the UE and TRP may change due to the UE changing in position.  From the RAN1 perspective, a solution to loss of spatial relation RS is to configure the UE to sweep its SRS.  RAN2 can additionally design procedures to initiate reconfiguration of the SRS when the RS for spatial relation or path loss is lost or when the TA alignment with the serving cell is lost.  However, such procedures may be too time consuming if the UE position changes too rapidly.   

[bookmark: _Toc84016624]Procedure with validation of the SRS configuration parameters are part of RAN2 responsibility
[bookmark: _Toc84016625]SRS Beam sweeping is supported by the SRS configuration framework in RRC_INACTIVE. 

[bookmark: _Toc84016613]Do not discuss further the SRS parameters validation aspects in RAN1. 

2.2 Parameters for on-demand PRS
The following was agreed during RAN1#106e:
	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



 
During RAN1#106-e, it was agreed to support on-demand PRS request to include the DL PRS information.  QCL is normally assigned by the gNB based on measurement reports provided by the UE. Since the network is always aware of the best information to decide what QCL information to provide the UE regarding a DL PRS, the need for the request to include QCL can be questioned. 

[bookmark: _Toc84016626]DL PRS QCL information can be derived by the gNB without assistance from the UE
[bookmark: _Toc84016614]DL PRS QCL information is removed from the list of on-demand PRS parameters. 
 
Regarding the use of further parameters in the on-demand request, it should be understood that the more detail the PRS request becomes, the more complex it will be for the network to satisfy requests for a large number of UEs. It is already agreed to process requests with bandwidth and periodicity.  Other parameters could be considered but scalability has to be taken into account. For example, the repetition factor can be derived by the network based on existing power measurement and considering eventual low-latency requirements for other UEs. Similarly, comb factor/offset is best suited to be configured by the network which knows the frequency planning of the deployment. The network plans DL PRS to cover all UEs in the positioning area and  may not be able to tune the PRS configuration just for one UE. Preparing a UE specific PRS also requires a lot of NRPPa signaling (note that RAN3 has defined the NRPPa PRS Configuration Exchange procedure as a non-UE specific procedure) and it is not guaranteed that gNB would be able to fulfil all the requests for PRS (re)-configuration from several UEs. 

[bookmark: _Toc84016627]As DL PRS is shared between multiple UEs, on-demand PRS with UE-specific PRS signal for each served UE is not scalable when the number of UEs is large. 
[bookmark: _Toc84016628]The DL PRS on-demand signalling defined by RAN3 is cell specific

Some optimization based on UE feedback is however possible. PRS might need to be transmitted in a beamformed fashion to compensate the higher path loss at higher carrier frequencies. The PRS transmission to all beam sweeping directions results is an unnecessary transmission of PRSs. Thus, a solution is required to identify a mechanism to optimize the PRS transmission with regards to improving network efficiency and exploit the possibility to turn off PRS transmission of unused beams/TRPs to reduce the  overall PRS overhead and reduce the measurement burden on the UE by focusing the measurements on useful signals. 
[bookmark: _Toc84016629]The network and the UE both benefit from knowing which of the configured PRSs are producing meaningful UE measurements. 

The following should be noted when considering the change of parameters based on on-demand requests:
·  PRS is a shared commodity with a potentially large amount of UEs. Convergence of parameters settings for at least a large subset of UEs is necessary for the system to be workable. 
· PRS is deployed across gNBs, requiring careful planning. Changes to one cell’s PRS settings will have consequences to its neighbours. 
· The gNBs can benefit from turning on or off PRS based on the positioning activity for energy-efficiency. We can remark that similar behaviour has been adopted for CSI-RS beamforming 
· it can also be a latency saver if the gNB spends time and processing power receiving only useful PRS parameters, instead of a plethora of ”semi-significant” ones.

Based on these facts, our view is that on-demand operation should favor choosing between configurations, rather than tuning every parameter separately.  Activity reports from LMF to gNB are beneficial to optimize power usage and processing power both form the UE and gNB side. Figure 1 shows the procedure between the UE, gNB and LMF to enable the gNB to optimize the PRS transmission based on activity reports from the LMF:
[image: ]
Figure 1: On-Demand PRS transmission
· Step1: The PRS measurement report are sent by the UE to the LMF over LPP. Such report can contain the PRS resources and the RSRP measurement information from the (best) available TRPs/cells on each frequency layer.
· Step2: The LMF can prepare an aggregated statistics from several UEs on PRS beam utilization to determine the on-demand PRS 
· Step3: the LMF sends to gNB a NRPPa request (up to RAN3) to help gNB to adapt/optimize PRS beam transmission
· Step 4 and 5: gNB determines what action to take and sends RESPONSE via NRPPa to LMF, to indicate the updated PRS configuration.

Since multiple PRS resource sets are configured to a gNB/TRP, then for each PRS resource known by LMF in the PRS measurement report, the corresponding PRS Resource Set ID should also be included in the NRPPa request message. In this way, the gNB/TRP receiving the NRPPa request knows which PRS Resource Set ID a given PRS resource in the PRS measurement report is corresponding to. Furthermore, the PRS beam utilization report can provide an overview on how each PRS resource ID is utilized: its average RSRP/RSRQ, how many users have detected this beam, if it is of good quality or not, the best beams detected by all the UEs, etc. This PRS resources overview can help gNB proceeding with the adequate beam optimization.

[bookmark: _Toc84016615]The PRS request message to gNB should include:
0. [bookmark: _Toc84016616]
0. [bookmark: _Toc84016617]The list of PRS resources set that can be configured by the TRPs hosted in the NG-RAN node.
0. [bookmark: _Toc84016618]The resource ID for each resource set
0. [bookmark: _Toc84016619]For each PRS resource ID:
4. [bookmark: _Toc84016620]The number of UEs that have detected RSRP values with good quality
4. [bookmark: _Toc84016621]Their average RSRP/RSRQ


[bookmark: _Toc84016622]Send an LS to RAN3 to provide a PRS activity Report via NRPPa to optimize DL-PRS transmission.



Conclusion
In the previous sections we made the following observations: 
Observation 1	Procedure with validation of the SRS configuration parameters are part of RAN2 responsibility
Observation 2	SRS Beam sweeping is supported by the SRS configuration framework in RRC_INACTIVE.
Observation 3	DL PRS QCL information can be derived by the gNB without assistance from the UE
Observation 4	As DL PRS is shared between multiple UEs, on-demand PRS with UE-specific PRS signal for each served UE is not scalable when the number of UEs is large.
Observation 5	The DL PRS on-demand signalling defined by RAN3 is cell specific
Observation 6	The network and the UE both benefit from knowing which of the configured PRSs are producing meaningful UE measurements.
[bookmark: _In-sequence_SDU_delivery] Based on the discussion in the previous sections we propose the following:
Proposal 1	SRS for positioning aperiodic transmission is not supported in RRC_INACTIVE state
Proposal 2	SRS for positioning semi-persistent transmission is not supported in RRC_INACTIVE state
Proposal 3	The UE can be configured with SRS in RRC_INACTIVE by listing in the RRC release message  the applicable SRS resource sets / resource IDs currently configured SRS in RRC_CONNECTED to be kept in RRC_INACTIVE
Proposal 4	When the  UE SRS has been originally configured in connected mode, the bandwith parameters can be configured to fallback to a predetermined value if the configured bandwidth when the UE moves to RRC_INACTIVE.
.	The predetermined value could be indicated via capability signalling
i.	FFS: additional parameters beside bandwidth
Proposal 5	Do not discuss further the SRS parameters validation aspects in RAN1.
Proposal 6	DL PRS QCL information is removed from the list of on-demand PRS parameters.
Proposal 7	The PRS request message to gNB should include:
.
a.	The list of PRS resources set that can be configured by the TRPs hosted in the NG-RAN node.
b.	The resource ID for each resource set
c.	For each PRS resource ID:
i.	The number of UEs that have detected RSRP values with good quality
ii.	Their average RSRP/RSRQ
Proposal 8	Send an LS to RAN3 to provide a PRS activity Report via NRPPa to optimize DL-PRS transmission.
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