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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the last RAN4 meeting a WF on RRM requirements for positioning enhancement was approved [1]. The approved WF has identified several open issues related to the positioning measurement requirements in RRC inactive state. 
In this paper the open issues identified in the WF are further analyzed. 
1. General Issues
1.1 Impact of Other Signals on PRS measurement in RRC inactive state
The following was agreed according to the approved WF [1]. Therefore, X is the only open issue:
· Longer PRS measurement period is expected when there is collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state. 
· Collision/overlap between other DL signals/channels and PRS resources in RRC_INACTIVE state occurs when:
· Any other DL signals/channel occurs within the PRS resource or 
· Any other signals/channel occurs within X symbols before the PRS resource or
· Any other signals/channel occurs within X symbols after the PRS resource.
· X=FFS.
Most of the DL signals/channels are received by the UE in the serving cell. But PRS are measured on the PFL. Depending on the LMF configuration, the PFL can be any of the following:
1. PLF is the same carrier configured as the serving carrier frequency depending on the LMF configuration. 
2. PLF is one of the inter-frequency carrier frequencies configured for mobility measurements
3. PLF is one of the inter-frequency carrier frequencies configured for CA/DC measurements
4. PLF is none of the carrier frequencies configured for mobility or CA/DC measurements. 
[bookmark: _Hlk95485968]In the first scenario above the UE will have to switch between the PRS resource and the initial BWP if the PRS is not within the initial BWP within the same carrier frequency. In this case the RF tuning is within the same carrier. But in other scenarios (# 2-4) the UE will have to switch from the serving carrier to another carrier frequency. To ensure that the UE receives DL signals/channels other than PRS, no RF switching should take place during the time when DL signals/channels are transmitted or configured. In other words, X should be equal to the RF switching time. 
In scenarios # 2-4, the RF tuning time should be the same as specified for measurement gaps i.e. 0.5 ms and 0.25 ms for FR1 and FR2 are respectively. In scenario #1, the RF switching time may be bit shorter as it is within the same carrier. This is also not exactly the BWP switching rather changing the RF frequency or in other words the RF tuning. However, we suggest same/generic values of X are used for FR1 and FR2 to cover all the cases. The proposed values of X in symbols are shown in table 1:
Table 1: X number of symbols before or after the PRS resource
	FR
	SCS
	X number of symbols

	FR1
	15 kHz
	7

	
	30 kHz
	14

	
	60 kHz
	28

	FR2
	60 kHz
	14

	
	120 kHz
	28


2. PRS measurement requirements 
2.1 Reduced number of samples for PRS measurement requirements
Following was agreed regarding reduced number of samples for PRS measurement requirements in RRC inactive state [1]:
Whether to support the reduced number of samples in RRC_INACTIVE state
· Option 1: (CATT, CMCC, vivo, Nokia, Ericsson)
· Yes. 
· Option 2: (Intel, Huawei, Qualcomm, OPPO)
· upon UE capability
Most aspects related to PRS measurement requirements with reduced number of samples in RRC connected state were agreed in the last meeting except the conditions on the need for AGC symbol [2]. Therefore, there is no reason to exclude the PRS measurement requirements with reduced number of samples in RRC inactive state. In RRC inactive state the PRS measurement requirements are also beneficial as they will lead to shorter measurement period. The side conditions under which the reduced number of samples in RRC inactive state apply should be the same as agreed in RRC connected state [2].
The following was agreed in the last meeting for RRC connected state [2]:
· The PRS measurement requirements with reduced number of samples shall apply only for UE which supports PRS measurement with reduced number of samples.
[bookmark: _Hlk95486815]This means the PRS measurement requirements are applicable only for UE which supports PRS measurements with reduced number of samples is UE capability. Therefore, same should apply for PRS measurement requirements with reduced number of samples in RRC inactive state.
2.2 PRS measurement period requirements
Most issues related to PRS measurement period requirements in RRC inactive state was agreed except following issues are still open and therefore analyzed further [1]:
A. Tavailable_PRS,i calculation:
· Option 1: (CATT, CMCC, OPPO, Ericsson)
· Tavailable_PRS,i could be the least common multiple between TPRS and DRX cycle.
· Option 2: (Huawei)
· Tavailable_PRS,i for Inactive state measurement is defined as the LCM of Tprs, measurement window periodicity and DRX cycle.
According to PRS measurement procedure defined in clause 5.1.6.5 in TS 38.214 v17.0.0, the PRS processing window (PPW) is not applicable for PRS measurements in RRC inactive state. It is used only for PRS measurements without gaps in RRC connected state:
The UE in RRC_INACTIVE mode, subject to UE capability, is expected to process DL PRS outside and inside of the initial DL BWP. The UE may be configured with the same or different numerology and CP for PRS resources than those of the initial DL BWP for DL PRS processing outside of the initial DL BWP. The UE may be configured with the same numerology and CP for PRS resources as those of the initial DL BWP for DL PRS processing inside of the initial DL BWP.
Therefore, Tavailable_PRS,i should be the least common multiple between TPRS and DRX cycle.
B. Teffect,i calculation:
· Option 1: (CATT, Huawei, Ericsson, OPPO, Nokia, vivo)
· The same approach as R16 can be used. 
· Option 2: (Intel, OPPO, Qualcomm)
· Postponed until conclusions on PRS processing capability in RRC INACTIVE state are reached in RAN1. 
The DL PRS processing capabilities in RRC inactive state was agreed by RAN1. According to the RAN1 feature list in [3] this feature (27-6) has the following 3 components which are identified to those for DL PRS Processing Capability outside MG (feature 27-3-3) [3]. 
1. DL PRS buffering capability
a)	Type 1 – sub-slot/symbol level buffering
b)	Type 2 – slot level buffering
2. Duration of DL PRS symbols N in units of ms a UE can process every T ms assuming maximum DL PRS bandwidth in MHz, which is supported and reported by UE
3. Max number of DL PRS resources that UE can process in a slot under it

There are few differences in the values of N and T in RRC inactive state and RRC connected state; but fundamental principle is the same. Therefore, Teffect,i in RRC inactive state can be based on Rel-16 approach. 
C. Definition of Kcarrier:
· Option 1: (vivo, Nokia, CATT, Ericsson, Intel)
· Replace CSSF with Kcarrier for inactive state PRS measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer. 
· Option 2: (Qualcomm)
· Depending on UE capability, the PRS measurement period length would be proportional to K=Kcarrier  + 1 or  K=1, where the latter would correspond to a UE that has a dedicated PRS processing engine. 
· Option 3: (OPPO, Huawei)
· Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer. 
In section 4.2.2.7, TS 38.133 Nlayer is defined as follows and includes only higher priority NR and E-UTRA layers: 
· Nlayers is the combined total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information and carriers configured for idle mode CA measurements.
But the scaling of PRS measurements should be done by a scaling factor which includes all the carriers configured for mobility and idle CA/DC measurements on idle mode.
In our view the CSSF should be replaced by one variable which is self explanatory and includes all the carriers. Therefore, we continue supporting option 1. 
Based on the above arguments the measurement period of any of the PRS positioning measurements, RSTD, PRS-RSRP, UE Rx-Tx time difference and  PRS-RSRPP, performed on PFL i in RRC inactive state can be expressed as follows:
 ,
Where:
·  is the total number of configured positioning frequency layers, NR inter-frequency carriers for mobility measurements, inter-RAT carriers for mobility measurements, NR inter-frequency carriers for CA measurements and inter-RAT carriers for CA measurements.
· , the least common multiple between  and .
· Other parameters are the same as in the existing requirements for RSTD, PRS-RSRP and UE Rx-Tx time difference in Rel-16.
3. PRS measurement requirement applicability 
3.1 PRS measurement requirements under RRC state transition
Following options are agreed regarding PRS measurement requirements under RRC state transition [1]:
· Option 1: (CATT, vivo, OPPO)
· RAN4 deprioritize the discussion for PRS measurement requirements when RRC state transition occurs during the measurement period and focus on the baseline requirements in RRC_INACTIVE state.
· Option 2: (Intel, Huawei, Ericsson, OPPO, Nokia)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, UE measurement requirements can be based on the behaviour below. 
· UE restarts the PRS measurement
· Option 3: (Qualcomm)
· If there is status transition (e.g. RRC_INACTIVE RRC_CONNECT) during the measurement period, 
· UE continue the PRS measurement
· The measurement period requirements will be extended
· FFS the behaviour for UE Rx-Tx when SRS configuration is affected by state transition. 

Several options related to PRS measurements under RRC state transition were discussed in the last meeting but there was no consensus. Firstly, the UE can be forced to move from RRC inactive state to RRC connected state while the UE is performing the PRS measurement. Therefore, the UE behaviour after the RRC state transition needs to be specified at least for transitioning from RRC inactive state to RRC connected state. 
According to the RAN2 procedures, the UE can transmit PRS measurement results to LMF for PRS measurements performed in RRC inactive state as well as in RRC connected state. PRS measurement requirements are defined or being defined by RAN4. Therefore, the applicability of the PRS measurement requirements under RRC state transition should also be defined by RAN4. This does not require any extra effort. Therefore, there is no reason to down prioritize the PRS measurement requirements under RRC state transition. 
We support option 2, which is more straight forward. 
But we can also support option 3. In this case we also agree not to explicity define the extended PRS measurement period due to the RRC state transition. However, for UE Rx-Tx time difference measurement the SRS are reconfigured after the RRC state transition. Therefore, UE must restart the UE Rx-Tx time difference measurement after the RRC state transition. But the UE can continue continure the RSTD, PRS-RSRP and PRS-RSRPO after the RRC state transition. In the latter case the PRS measurement can be extended. 
3.2 PRS measurement requirement applicability under cell change
The UE behaviour for RSTD, PRS-RSRP and PRS-RSRPP, if the cell reselection occurs during the PRS measurement period, was agreed [1]. The UE continues the RSTD, PRS-RSRP and PRS-RSRPP after the cell reselection. 
The UE behaviour for UE Rx-Tx time difference, if the cell reselection occurs during the PRS measurement period, is still open with the following 2 options [1].
· Option 1: (Ericsson)
· The UE shall restart the UE Rx-Tx measurement after the cell reselection
· Option 2: (Huawei)
· The UE shall stop the UE Rx-Tx measurement after the cell reselection
The UE behaviour for UE Rx-Tx time difference under the cell reselection should be similar to that under HO in RRC connected state. According to clause 9.9.4.5 in TS 38.133: 
· “The UE shall restart the UE Rx-Tx measurement after the cell reselection and after SRS reconfiguration on the target cell is complete.”
In both RRC inactive and connected states, the TA becomes invalid after the cell reselection and HO respectively. But the UE is configured with new SRS configuration in the new serving cell. The new SRS configuration is accompanied with new TA since any the allocation will be associated with the TA. Therefore, the UE can restart and should restart the UE Rx-Tx time difference measurement after the cell reselection.
3.3 PRS measurement requirements under cell change
The UE behaviour for UE Rx-Tx time difference, if the cell reselection occurs during the PRS measurement period, is still open with the following 2 options [1].
· Option 1: (Ericsson)
· The measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarrier and DRX cycles used among the old serving cell before the cell reselection and the new serving cell after the cell reselection.
· The UE upon initiating the cell selection for the selected PLMN, stops performing the PRS measurements and is not expected to meet the PRS measurement requirements.
· Option 2: (Huawei)
· Do not define exact requirements for the cell change case. 
· The UE behaviour upon initiating the cell selection for the selected PLMN is within RAN1/2 scope. 
As discussed in the previous meetingts, Kcarriers and DRX cycle may be different in the old and new serving cells. Therefore, the measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarriers and DRX cycles used among the old and new serving cells. Without this clarification the PRS measurement period may be interpreted in different ways and will leave ambiguity. 
Regarding the UE behaviour upon initiating the cell selection for the selected PLMN we agree this requires RAN2 agreements. However, section 4.2.2.2 in TS 38.133, defines requirements and UE behaviour when the UE initiates cell selection for the selected PLMN, if the the serving cell does not fulfil the cell selection criterion S and the UE does not find any new suitable cell after the searches:
If the UE has evaluated according to Table 4.2.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities.
If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 [1].
It is unclear whether the UE should continue performing the PRS measurements or stops the PRS measurements. In our view from RAN4 perspective, the UE should stop performing the PRS measurements when the UE initiates cell selection for the selected PLMN. In this case the UE should not be expected to meet the PRS measurement requirements. Whether the UE should resume the PRS measurements after the UE has performed the cell selection for the selected PLMN should be up to RAN2 to decide.
We therefore suggest sending LS to RAN2 to provide their feedback since this is an important issue which needs to be addressed. Draft of the LS is provided in section 4. 
3.4 PRS measurement requirements under DRX change
In the existing PRS measurement requirements (e.g. clause 9.9.2.5, TS 38.133) the following UE behaviour is defined if the MG pattern changes during the measurement period:
If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured either per UE request or not per UE request, the measurement period can be longer.
Obviously, as agreed the MG pattern will not be used for PRS measurement in RRC inactive state. However, the DRX cycle of the UE can be changed by the core network (i.e. UE specific DRX cycle) or by the serving gNB (i.e. the serving cell specific DRX cycle). The change in the DRX cycle will impact the measurement period. The UE can continue the ongoing measurement and the measurement period may be longer.
2. Summary
The following are the observations and proposals based on the analysis provided in this paper:
Applicability of PRS measurement requirements under PRS collisions:
· Observation #1: If PFL is the same as serving carrier then UE will have to switch between the PRS resource and the initial BWP if the PRS is not within the initial BWP.
· Observation #2: If PFL is different than the serving carrier then UE will have to switch between the serving carrier and the PFL for perfoming PRS measurements.
· Observation #3: To receive DL signals/channels other than PRS, no RF switching should take place during the time when DL signals/channels are transmitted or configured.
· Proposal #1: X should correspond to RF switching time for switching between initial BWP and PRS resource (if PFL is same as serving carrier) or between serving carrier and PFL (if PFL is different than serving carrier).
· Proposal #2: Define same value of X to cover all RF switching scenarios.
· Proposal #3: X should corresponds to 0.5 ms for FR1 and 0.25 ms for FR2, which can be expressed in symbols according to Table 1:
Table 1: X number of symbols before or after the PRS resource
	FR
	SCS
	X number of symbols

	FR1
	15 kHz
	7

	
	30 kHz
	14

	
	60 kHz
	28

	FR2
	60 kHz
	14

	
	120 kHz
	28


PRS measurement requirements with reduced number of samples:
· Observation #4: It was agreed that PRS measurement requirements with reduced number of samples are applicable only for UE which supports PRS measurements with reduced number of samples.
· Proposal #4: PRS measurement requirements with reduced number of samples are specified in RRC_INACTIVE and are applicable only for UE which supports PRS measurements with reduced number of samples.
· Proposal #5: PRS measurement requirements with reduced number of samples in RRC_INACTIVE are defined under the same side conditions as agreed for RRC CONNECTED state.
PRS measurement period requirements:
· Observation #5: PRS processing window (PPW) is not applicable for PRS measurements in RRC inactive state.
· Proposal #6: Tavailable_PRS,i should be the least common multiple between TPRS and DRX cycle.
· Observation #6: The 3 components of DL PRS processing capabilities in RRC inactive state are identified to those for DL PRS Processing Capability outside MG.
· Proposal #7: Teffect,i in RRC inactive state is based on Rel-16 approach.
· Observation #7: Nlayers defined in 38.133 is the combined total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information and carriers configured for idle mode CA measurements.
· Proposal #8: CSSF should be replaced with Kcarrier. Where Kcarriers is sum of NR inter-frequency and inter-RAT LTE carriers configured for mobility measurements, NR inter-frequency and inter-RAT LTE carriers configured for CA/DC measurements and one positioning frequency layer.
· Proposal #9: PRS measurement period in RRC_INACTIVE state is expressed as follows:
 ,
Where:
·  is the total number of configured positioning frequency layers, NR inter-frequency carriers for mobility measurements, inter-RAT carriers for mobility measurements, NR inter-frequency carriers for CA measurements and inter-RAT carriers for CA measurements.
· , the least common multiple between  and .
· Other parameters are the same as in the existing requirements for RSTD, PRS-RSRP and UE Rx-Tx time difference in Rel-16.
PRS measurement requirements under RRC state transition:
· Observation #8: UE configured with PRS measurements may change its RRC state any time.
· Observation #9: RAN2 procedures allow the UE to transmit PRS measurement results to LMF for PRS measurements performed in RRC inactive state as well as in RRC connected state.
· Observation #10: UE behavior related to PRS measurements under RRC state transition impacts the PRS measurement performance and requires RAN4 expertise.
· Observation #11: SRS are reconfigured after the RRC state transition.
· Proposal #10: The UE behaviour for PRS measurements under RRC state transition can be defined as follows:
· Option 1: 
· If the RRC state transition occurs from RRC_INACTIVE to RRC_CONNECTED state during the RSTD, PRS-RSRP, PRS-RSRPP or UE Rx-Tx time difference measurement period then the UE shall restart the corresponding measurement. 
· Option 2: 
· If the RRC state transition occurs from RRC_INACTIVE to RRC_CONNECTED state during the RSTD, PRS-RSRP or PRS-RSRPP measurement period then the UE shall continue the corresponding measurement. In this case the corresponding measurement period can be longer. 
· If the RRC state transition occurs from RRC_INACTIVE to RRC_CONNECTED state during the UE Rx-Tx time difference measurement period then the UE shall restart the UE Rx-Tx time difference measurement measurement. 
· We prefer Option 1; but Option 2 is also acceptable. 
PRS measurement applicability requirements under cell change:
· Observation #12: In both RRC inactive and connected states, the TA becomes invalid after the cell reselection and HO respectively. In both case the UE is configured with new SRS configuration including TA in new serving cell.
· Proposal #11: The UE shall restart the UE Rx-Tx measurement after the cell reselection. 
PRS measurement requirements under cell change:
· Observation #13: UE performing PRS measurements in RRC inactive state may perform cell reselection.
· Observation #14: The number of carriers configured for measurement (Kcarruer) and DRX cycle may be different in the old serving cell before the cell reselection and in the new serving cell after the cell reselection.
· Proposal #12: The measurement period for RSTD, PRS-RSRP and PRS-RSRPP, should be based on the longest of the Kcarriers and DRX cycles used among the old serving cell before the cell reselection and the new serving cell after the cell reselection.
· Observation #15: UE performing PRS measurements in RRC inactive state may initiate cell selection to the selected PLMN according to section 4.2.2.2 in TS 38.133.
· Proposal #13: Send LS to RAN2 to inquire about UE behaviour regarding PRS measurement if the UE initiates the cell selection for the selected PLMN.
PRS measurement requirements under DRX cycle change:
· Observation #16: DRX cycle can change during the PRS measurement period either based on the UE request or by the gNB autonomously. 
· Proposal #14: If during the PRS measurement period the DRX cycle is reconfigured then the PRS measurement period can be longer.
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4. Draft of LS to RAN2

Title:	LS on PRS measurements during cell selection 
Response to:	-
Release:	Rel-17
Work Item:	NR_pos_enh

Source:	TSG RAN WG4
To:	TSG RAN WG2
Cc:	

Contact Person:	
Name:	          Muhammad Kazmi
E-mail Address:	muhammad.kazmi@ericsson.com

1. Overall Description:
RAN4 is specifying PRS measurement requirements in RRC_INACTIVE state. 
According to the UE behaviour and measurement requirements defined in clause 4.2.2.2 of TS 38.133, the UE initiates cell selection for the selected PLMN provided that the serving cell does not fulfil the cell selection criterion S and the UE does not find any new suitable cell after the searches and measurements.
RAN4 kindly asks RAN2 to clarify the UE behaviour regarding the PRS measurements if the UE initiates cell selection for the selected PLMN during the PRS measurement period. 
2. Actions:
To RAN2
ACTION: 	RAN4 kindly asks RAN2 to clarify the UE behaviour regarding the PRS measurements if the UE initiates cell selection for the selected PLMN during the PRS measurement period. 
3. Date of Next TSG-RAN WG4 Meetings:	
TSG-RAN WG4 Meeting #103-e 	    May 16-27, 2022, Electronic Meeting
TSG-RAN WG4 Meeting #104	    August 22-26, 2022, Toulouse, France


