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1	Introduction
The objectives of WI NR_pos_enh include accuracy improvement in WID [1]:
· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]
In this contribution, we provide observations and analysis on the positioning latency during handover, and give a potential solution to reduce the latency caused by handover.
[bookmark: _Toc497230266][bookmark: _Toc497230267][bookmark: _Ref60754681]2	Discussion
2.1 The challenges due to handover in NR
RRC reconfiguration to perform reconfiguration with sync includes re-establishment of RLC and PDCP [3].According to the existing PDCP entity re-establishment mechanism in clause 5.1.2 in TS 38.323[2]:
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]Observation 1: When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall: 
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs [2];
Observation 2: When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
 - for SRBs, discard all stored PDCP SDUs and PDCP PDUs [2];
Thus, all RRC messages during handover will be discarded. As we know, LPP message are carried in ULInformationTransfer on SRB1 or SRB2, so all LPP message carried in ULInformationTransfer will be discarded during the handover.
The handover in NR happens more frequently than in 4G network assuming the same coverage KPIs because the cell of NR is smaller than 4G. If the LPP message (LPP LPI) from UE to LMF is lost because SRB is discarded during the handover, the challenge of losing LPP message during handover will be faced a lot in NR network.
Observation 3: All LPP message carried in ULInformationTransfer are discarded during the handover because of the exisiting mechanism of PDCP entity re-establishment.
The existing mechanism is shown in the annex for your reference.
2.2 The challenges of lost LPP during handover
According to the existing procedure of RAT-Dependent and RAT-Indepent positioning methods, what will happen if the LPP message is lost?
- When UE plans to send LPP Request Assistance Data for periodic assistance data but it is lost during the handover:
LMF won’t take any actions since it doesn’t receive LPP Request. AS will inform upper layers about the possible failure to deliver the information contained in the concerned ULInformationTransfer messages. This also introduces latency. UE won’t take actions until upper layer sends the request again or LCS fails finally which is up to implementation in UE.
- When UE plans to send LPP Provide Location Information but it is lost during the handover:
LMF won’t take any actions since it doesn’t receive LPP PLI, and UE won’t take actions as well until this LCS failes. 

[image: ]
It seems there is a challenge of latency if the LPP messages from UE to LMF are lost during the handover. So do the messages from LMF to UE. 
Observation 4: This is a challeng of latency if the LPP messages from UE to LMF or from LMF to UE are lost during the handover, not only for RAT-Independent but also for DL RAT-Dependent positioning methods.
Latency will be reduced if we take some actions to avoid this kind of lost during handover, especially when handover happens a lot in NR network. If there is a mechanism to make sure LPP message won't be lost during handover, then the latency which is caused by message lost during the handover will be reduced.
Proposal 1: Latency can be reduced if there is a mechanism to make sure LPP messages won’t be lost during the handover.
2.4 How to reduce the latency during handover
There is a candidate solution for UE to perform some actions upon reception of the RRCReconfiguration to face the challenge above. The actions on ulInformationTransfer message which carries LPP can learn from the existing mechnism on ueAssistanceInformation message, considering they are both in DCCH.
UL-DCCH-MessageType ::=         CHOICE {
    c1                              CHOICE {
        measurementReport               MeasurementReport,
        rrcReconfigurationComplete      RRCReconfigurationComplete,
        rrcSetupComplete                RRCSetupComplete,
        rrcReestablishmentComplete      RRCReestablishmentComplete,
        rrcResumeComplete               RRCResumeComplete,
        securityModeComplete            SecurityModeComplete,
        securityModeFailure             SecurityModeFailure,
        ulInformationTransfer           ULInformationTransfer,
        locationMeasurementIndication   LocationMeasurementIndication,
        ueCapabilityInformation         UECapabilityInformation,
        counterCheckResponse            CounterCheckResponse,
        ueAssistanceInformation         UEAssistanceInformation,
        failureInformation              FailureInformation,
        ulInformationTransferMRDC       ULInformationTransferMRDC,
        scgFailureInformation           SCGFailureInformation,
        scgFailureInformationEUTRA      SCGFailureInformationEUTRA
    },

How the existing mechanism to solve the UEAssistanceInformation message lost during handover? 
Here is the existing procedure on UEAssistanceInformation message. UEAssistanceInformation message which are sent during last 1 second will be retransmitted in the target cell. So the same mechanism may happen to ulInformationTransfer message with little specification update.
Below please find the RRC protocols on UEAssistanceInformation message for your reference in TS 38.331[3].
[bookmark: _Toc60776760][bookmark: _Toc68014700]5.3.5.3	Reception of an RRCReconfiguration by the UE
The UE shall perform the following actions upon reception of the RRCReconfiguration, or upon execution of the conditional reconfiguration (CHO or CPC):

[bookmark: RRC]2>	if reconfigurationWithSync was included in masterCellGroup or secondaryCellGroup; and
2>	if the UE initiated transmission of a UEAssistanceInformation message for the corresponding cell group during the last 1 second, and the UE is still configured to provide the concerned UE assistance information for the corresponding cell group:
3>	initiate transmission of a UEAssistanceInformation message for the corresponding cell group in accordance with clause 5.7.4.3 to provide the concerned UE assistance information;
3>	start or restart the prohibit timer (if exists) associated with the concerned UE assistance information with the timer value set to the value in corresponding configuration;
UE retransmists UEAssistanceInformation message for the corresponding cell group during the last 1 second to avoid the message lost during handover.
Proposal 2: UE can follow the existing mechanism to retransmisit ulInformationTransfer message for the corresponding target cell during the handover to reduce the latency so the LPP messages won’t be sent/receive correctly.
3	Conclusion
Based on the discussions in section 2, the following observations and proposals have been made:
Observation 1: When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall: 
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs [2];
Observation 2: When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
 - for SRBs, discard all stored PDCP SDUs and PDCP PDUs [2];
Observation 3: All LPP message carried in ULInformationTransfer are discarded during the handover because of the exisiting mechanism of PDCP entity re-establishment.
Observation 4: This is a challeng of latency if the LPP messages from UE to LMF or from LMF to UE are lost during the handover, not only for RAT-Independent but also for DL RAT-Dependent positioning methods.
Proposal 1: Latency can be reduced if there is a mechanism to make sure LPP messages won’t be lost during the handover. 
Proposal 2: UE can follow the existing mechanism to retransmisit ulInformationTransfer message for the corresponding target cell during the handover to reduce the latency so the LPP messages won’t be sent/receive correctly.
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[bookmark: _GoBack]5	Annex
LPP message which is NAS message is carried in ULInformationTransfer by SRB. 
--------------------------------Start of TS 38.331----------------------------------------------------------------------------------------
[bookmark: _Toc60777134][bookmark: _Toc68015074]–	ULInformationTransfer
The ULInformationTransfer message is used for the uplink transfer of NAS or non-3GPP dedicated information.
Signalling radio bearer: SRB2 or SRB1 (only if SRB2 not established yet). If SRB2 is suspended, the UE does not send this message until SRB2 is resumed
RLC-SAP: AM
Logical channel: DCCH
--------------------------------Next of TS 38.331---------------------------------------------------------------------------


Figure 5.3.5.1-1: RRC reconfiguration, successful
RRC reconfiguration to perform reconfiguration with sync includes, but is not limited to, the following cases:
-	reconfiguration with sync and security key refresh, involving RA to the PCell/PSCell, MAC reset, refresh of security and re-establishment of RLC and PDCP triggered by explicit L2 indicators;
-	reconfiguration with sync but without security key refresh, involving RA to the PCell/PSCell, MAC reset and RLC re-establishment and PDCP data recovery (for AM DRB) triggered by explicit L2 indicators.
-	reconfiguration with sync for DAPS and security key refresh, involving RA to the target PCell, establishment of target MAC, and
-	for non-DAPS bearer: refresh of security and re-establishment of RLC and PDCP triggered by explicit L2 indicators;
-	for DAPS bearer: establishment of RLC for the target PCell, refresh of security and reconfiguration of PDCP to add the ciphering function, the integrity protection function and ROHC function of the target PCell;
-	for SRB: refresh of security and establishment of RLC and PDCP for the target PCell;
-	reconfiguration with sync for DAPS but without security key refresh, involving RA to the target PCell, establishment of target MAC, and:
-	for non-DAPS bearer: RLC re-establishment and PDCP data recovery (for AM DRB) triggered by explicit L2 indicators.
-	for DAPS bearer: establishment of RLC for target PCell, reconfiguration of PDCP to add the ciphering function, the integrity protection function and ROHC function of the target PCell;
-	for SRB: establishment of RLC and PDCP for the target PCell.
--------------------------------End of TS 38.331------------------------------------------------------------------------------------------

--------------------------------Start of TS 38.323--------------------------------------------------------------------------------------
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc52581953]5.1.2	PDCP entity re-establishment
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-	for UM DRBs and AM DRBs, reset the ROHC protocol for uplink and start with an IR state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs and AM DRBs, reset the EHC protocol for uplink if drb-ContinueEHC-UL is not configured in TS 38.331 [3];
-	for UM DRBs and SRBs, set TX_NEXT to the initial value;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;

When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
[bookmark: Signet15]-	process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the clause 5.2.2.1;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
----------------- End of TS 38.323---------------------------------------------------------------------------------------------------------
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