[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG-RAN WG4 Meeting # 101-bis-e	R4-2201165
Electronic Meeting, January 17-25, 2022

Agenda item:	6.21.2.3
Source: 	OPPO
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Title: 	Discussion on PRS measurements in RRC-INACTIVE state 
Document for:	Discussion
Introduction
RAN4 #101-e meeting discussed PRS measurements in RRC-INACTIVE state and a lot of conclusions were achieved [1]. This paper will provide our considerations on the remaining issues.
Discussion
	Issue 2-1-1 The type of measurement requirements to be defined in RRC_INACTIVE state. 
Open issue: 
· Option 1: (Qualcomm, vivo, Huawei, Nokia, Intel)
· UE requirements for UE Rx-Tx time difference measurements in RRC-INACTIVE state should be specified by RAN4. 
· Option 1a: (vivo, Huawei, Qualcomm)
· Use the framework or formula of Rel-16 UE Rx-Tx time difference measurement period as a baseline to derive the inactive state UE Rx-Tx time difference measurement period. 
· Option 2: (vivo)
· RRM requirements for gNB Rx-Tx time difference measurements in RRC-INACTIVE state are specified. 
· Option 3: (Ericsson, CATT, Intel, OPPO)
· RAN4 to wait for further agreements in RAN1 and RAN2 (if any) regarding Rx-Tx time difference measurement applicability in RRC inactive state. 
RAN1 assumes that 
· SRS for positioning for UEs in RRC_INACTIVE state is configured using the SRS-PosResourceSet IE
RAN2 agreement:
· Proposal 6: SRS for positioning in RRC_INACTIVE state can be configured through the following ways: 
· RRCRelease with SuspendConfig (13/13)
· SDT DL RRC message, i.e. Msg B / Msg 4 of RA-SDT (9/13)
· WA: pre-configure positioning SRS in RRC_CONNECTED (9/13)
· FFS detailed signalling for these approaches.
· Proposal 8: Support SP SRSp for positioning in RRC_INACTIVE state. (12/13)
· Proposal 9: SP Positioning SRS Activation/Deactivation MAC CE is reused for triggering SRSp transmission in RRC_INACTIVE. (12/12) 
Proposal 10: AP SRSp is not supported for positioning in RRC_INACTIVE state. (11/13)


Regarding the feasibility of UE Rx-Tx time difference measurements, agreements on the SRS transmission in RRC-INACTIVE state from RAN1/2 are expected. Based on the agreements above, SRS for positioning in RRC-INACTIVE state is supported in RAN1/2. Therefore, RAN4 should specify UE requirements and the framework of Rel-16 UE Rx-Tx time difference can be used as a baseline. From gNB side, only accuracy requirements are defined in Rel-16 and can also apply to RRC-INACTIVE state. So, RRM requirements for gNB Rx-Tx time difference measurements in RRC-INACTIVE state can be excluded.
Proposal 1: Specify requirements for UE Rx-Tx time difference based on the framework of Rel-16 UE Rx-Tx time difference.
	Issue 2-2-4 The requirements applicability in RRC_INACTIVE state regarding PRS periodicity. 
Open issue: 
· Option 1: (Ericsson)
· To save UE power consumption define RSTD and PRS-RSRP measurement requirements in RRC_INACTIVE state for TPRS ≥ 160 ms. 
· Option 2: (Nokia, Huawei)
· No need to restrict TPRS in the spec because of requirements
· Option 3: (Intel, CATT, Qualcomm, OPPO)
· FFS


Whether to restrict PRS periodicity when defining requirements in RRC-INACTIVE state is up to the UE measurement assumption. Assumed UE could measure at most one PRS sample in each DRX cycle, i.e. using max(PRS periodicity, DRX cycle) as the basic measurement interval, then short PRS periodicity will no longer hinder UE power consumption. On the one hand, it was agreed in RAN4 that DRX cycle will be considered in the positioning measurement delay, UE can obtain power saving gains by longer DRX cycle and there is no need to restrict PRS periodicity. On the other hand, RAN1 already concluded that PRS configuration is independent of the RRC state. Restricting PRS periodicity will leave a hole in the spec when short PRS periodicity is configured.
Proposal 2: Not restrict PRS periodicity for defining requirements in RRC-INACTIVE state.

Generally, the framework or formulas below for Rel-16 measurement period in RRC-CONNECTED state is agreed to be used as the baseline to define the measurement period in RRC-INACTIVE state. However, some factors and impacts on measurement period are identified and how to handle them needs further study. 
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	Issue 2-4-1 Number of samples used for measurement requirements in RRC_INACTIVE state
Agreements: 
· At least support 4 PRS samples in RRC_INACTIVE state. 
· FFS: Whether to support the reduced number of samples in RRC_INACTIVE state.
· FFS: Whether to define two sets of PRS measurement period in RRC_INACTIVE state. 


The first factor is the number of PRS samples. Last meeting agreed to support least 4 PRS samples and further study whether reduced number of PRS samples can be supported. Although reducing the number of samples is discussed in Rel-17, better side conditions or worse accuracy requirements are expected and the impacts are still not clear yet. When the conditions and performance impacts for reduced number of samples are clear, it is easy to extend PRS measurements in RRC-INACTIVE state to reduced samples, if necessary. 
Proposal 3: Not support reduced number of PRS samples in RRC-INACTIVE state.
	Issue 2-4-4 DRX cycle consideration for measurement requirements in RRC_INACTIVE state
Agreement: 
· DRX cycle should be considered in the positioning measurement delay requirements in RRC_INACTIVE state. 
Issue 2-4-5 Tavailable_PRS,i calculation for measurement requirements in RRC_INACTIVE state
Open issue: 
· Option 1: (CMCC, CATT, Nokia, vivo, OPPO)
· Tavailable could be the least common multiple between TPRS and DRX cycle.
· Option 1a: (CATT)
· The calculation of TPRS,i with muting in R16 can be reused. 
· Option 1b: (Nokia)
· FFS if option 1 is still valid in case of longer DRX cycles
· Option 2: (Huawei)
· Introduce PRS processing window (as RAN1 agreed for MG-less PRS measurement in connected state) for PRS measurement in inactive state. UE is only required to measure PRS resource occasions within the window. 
· Tavailable,i for inactive state measurement is defined based on the LCM of Tprs,i, measurement window periodicity and DRX cycle. 
· Option 3: (Intel, Qualcomm, Ericsson)
· FFS


Regarding how to take DRX cycle into accounted, we support option 1 to use the least common multiple between TPRS and DRX cycle as Tavailable. Option 1a is to clarify the meaning of TPRS,i and we are also fine to it. For option 2, we think the processing window is up to RAN1 and we are open to consider PRS window periodicity if introduced.  
Proposal 4: Tavailable could be the least common multiple between TPRS and DRX cycle, where is TPRS calculated by the same method in Rel-16.
If proposal 4 is agreed, LMF should know the DRX cycle used by UE and infer the positioning latency accordingly. A LS to RAN2/3 asking for new signaling to indicate DRX cycle is needed.
Proposal 5: Send a LS to RAN2/3 asking for new signalling to indicate DRX cycle to LMF.
Since the conclusions on PRS processing capability in RRC-INACTIVE state are not reached in RAN1, how to  should not be discussed in this meeting.  
	Issue 2-4-7 Kcarrier consideration for measurement requirements in RRC_INACTIVE state
Open issue: 
FFS on Kcarrier: 
· Option 1: 
· Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for positioning measurements, mobility measurements and CA measurements.
· Option 1a: 
· Replace CSSF with Kcarrier for inactive state measurement requirements, Kcarriers is the total number of configured carriers for mobility measurements and CA measurements plus one positioning frequency layer.
· Other options are not precluded. 


In RRC-INACTIVE state, UE shall search for inter-frequency layers of higher priority only if Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and search all frequency layers configured by the network otherwise. Therefore, both Nlayer in clause 4.2.2.7 and Kcarrier in clause 4.2.2.4 will be impacted due to PRS measurements. Likes CSSF in RRC-CONNECTED state, positioning frequency layers should be accounted into Nlayer and Kcarrier. The main difference between option 1 and option 1a is how many layers are counted. We prefer option 1a, which is the same method for calculating CSSF, so that the framework of Rel-16 can be reused.
Proposal 6: Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer.
	Issue 2-4-2 Approach used for measurement requirements of multiple positioning frequency layers in RRC_INACTIVE state
Open issue: 
· Option 1: (CATT)
· Maximum-based approach is used. 
· Option 2: (vivo, Huawei, Nokia, OPPO)
· Summation-based approach is used. 
· Option 3: (Ericsson, Intel, Qualcomm)
· FFS


If only one positioning frequency layer is accounted into scaling factor Nlayer and Kcarrier, summation-based approach should be used for multiple positioning frequency layers.
Proposal 7: Support summation-based approach to calculate the total measurement period for multiple positioning frequency layers in RRC-INACTIVE state.
	Issue 2-4-8 Measurement requirements for long periodicity PRS in RRC_INACTIVE state
Open issue: 
· Option 1: (OPPO, Huawei, vivo)
· Discuss whether and how to prioritize measurements for long-periodicity PRS resources in RRC INACTIVE state. 
· Option 2: (Ericsson)
· Requirements are defined for long PRS resource periodicity (≥160 ms)
· Option 3: (Nokia, Intel, CATT, Qualcomm, Ericsson)
· FFS
· Option 4: (Huawei, vivo, CATT)
· Prioritizing measurements for long-periodicity PRS resources in RRC INACTIVE state is not necessary.


No matter the PRS resource periodicity is short or long, the measurement interval will be no less than 320ms if it is scaled by DRX cycle according to proposal 4. It is not necessary to prioritize long-periodicity PRS resource since all PRS resources will be categorized as long-periodicity based on the 320ms of long-periodicity criteria in Rel-16.
Proposal 8: Not prioritize measurements for long-periodicity PRS resources in RRC-INACTIVE state.

Conclusion
This paper analyses PRS measurements in RRC-INACTIVE state. Our proposals are:
Proposal 1: Specify requirements for UE Rx-Tx time difference based on the framework of Rel-16 UE Rx-Tx time difference.
Proposal 2: Not restrict PRS periodicity for defining requirements in RRC-INACTIVE state.
[bookmark: _GoBack]Proposal 3: Not support reduced number of PRS samples in RRC-INACTIVE state.
Proposal 4: Tavailable could be the least common multiple between TPRS and DRX cycle, where is TPRS calculated by the same method in Rel-16.
Proposal 5: Send a LS to RAN2/3 asking for new signalling to indicate DRX cycle to LMF.
Proposal 6: Replace CSSF with Kcarrier and Nlayer for RRC-INACTIVE state measurement requirements, only one positioning frequency layer is accounted into Kcarrier and Nlayer.
Proposal 7: Support summation-based approach to calculate the total measurement period for multiple positioning frequency layers in RRC-INACTIVE state.
Proposal 8: Not prioritize measurements for long-periodicity PRS resources in RRC-INACTIVE state.
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