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1	Introduction
One of the objectives of WI of “New WID on SON/MDT support for NR” [1] is about the mobility history information:
· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840) [RAN2, RAN3 may be needed depending on RAN2 progress]
In RAN2#107bis meeting, some companies provide their views about this topic, but there is no time to discuss the details. So in order to generally summary all the views, an Email discussion is triggered after the meeting:
[107#85][NR/MDT] Mobility history (CATT)
	Intended outcome: report
	Deadline: Thursday 07/11/2019
In this email discussion, we’d like to discuss whether the LTE solution could all be reused as baseline in NR, and whether some enhancements could be applied. 2 phases are given during the email discussion.
Phase1 Discussion:
Companies are invited to comment on the questions for Mobility History and Mobility State info. As an outcome of phase 1 discussion, a draft email summary which captures views from the companies on each question will be provided as a baseline for phase 2 discussion.
Deadline for Phase1 comments:  November 5th
Phase2 Discussion:
Based on the email summary of Phase1, Companies can comment on the summary.
Deadline for Phase2 comments:  November 7th

2	Discussions
2.1 Background
In LTE, the mobility performance of UE could be enhanced by analysing the parameters of Mobility History and State. And the optimum parameters for Handover Preparation procedures could be set based on the Mobility History and State information. 
In LTE, the mobility history information is stored in UE, covering the RRC_CONNECTED and RRC_IDLE states. A UE can store the mobility history information of maximum of 16 most recently visited cells or time spent outside E-UTRA. The most recently visited cell is stored first in the list. Upon change of cell, consisting of PCell in RRC_CONNECTED or serving cell in RRC_IDLE, to another E-UTRA or inter-RAT cell or when entering out of service, the UE History Information includes the cell identity and the timeSpent of the entry as the time spent in the previous PCell/serving cell. Upon entering E-UTRA (in RRC_CONNECTED or RRC_IDLE) while previously out of service and/or using another RAT, the UE History Information includes the timeSpent of the entry as the time spent outside E-UTRA only, which approximated to the closet second. 
In LTE, the UE mobility state just prior to UE going into RRC_CONNECTED state. The UE indicates the value of medium and high when being in Medium-mobility and High-mobility states respectively. Otherwise the UE indicates the value normal.
The Mobility History and State Reporting functionality as part of the network mobility enhancements was reflected in the following three procedures in LTE.
(1) Reception of the RRCConnectionSetup by the UE
In this procedure, Mobility History and State reporting is introduced during RRC_IDLE to RRC_CONNECTED transition to allow network to estimate the UE mobility. The UE includes the mobilityState and set it to the mobility state of the UE just prior to entering RRC_CONNECTED state. And if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport, the UE includes the mobilityHistoryAvali. And the RRCConnectionSetupComplete message is used to confirm the successful completion of an RRC connection establishment.
	RRCConnectionSetupComplete-v1250-IEs ::= SEQUENCE {
	mobilityState-r12					ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r12			ENUMERATED {true}							OPTIONAL,
	logMeasAvailableMBSFN-r12			ENUMERATED {true}							OPTIONAL,
	nonCriticalExtension				RRCConnectionSetupComplete-v1320-IEs		OPTIONAL
}



 (2) Reception of the RRCConnectionResume by the UE
In this procedure, if resuming an RRC connection from a suspended RRC connection, the UE includes the mobilityState and set it to the mobility state of the UE just prior to entering RRC_CONNECTED state. And if the UE supports storage of mobility history information and the UE has mobility history information available in VarMobilityHistoryReport, the UE includes mobilityHistoryAvail. And the RRCConnectionResumeComplete message is used to confirm the successful completion of an RRC connection resumption.
	RRCConnectionResumeComplete-r13-IEs ::= SEQUENCE {
	selectedPLMN-Identity-r13				INTEGER (1..maxPLMN-r11)					OPTIONAL,
	dedicatedInfoNAS-r13					DedicatedInfoNAS							OPTIONAL,
	rlf-InfoAvailable-r13					ENUMERATED {true}							OPTIONAL,
	logMeasAvailable-r13					ENUMERATED {true}							OPTIONAL,
	connEstFailInfoAvailable-r13			ENUMERATED {true}							OPTIONAL,
	mobilityState-r13						ENUMERATED {normal, medium, high, spare}	OPTIONAL,
	mobilityHistoryAvail-r13				ENUMERATED {true}							OPTIONAL,
	logMeasAvailableMBSFN-r13				ENUMERATED {true}							OPTIONAL,
	lateNonCriticalExtension				OCTET STRING								OPTIONAL,
	nonCriticalExtension					RRCConnectionResumeComplete-v1530-IEs		OPTIONAL
}


 (3) Reception of the UEInformationRequest message 


Figure 1 UE information procedure
Figure 1 illustrates the UE information procedure which is used by E-UTRAN to request the UE to report information in LTE. Upon receiving the UEInformationRequest, if mobilityHistoryReportReq is set to true, The UE includes the mobilityHistoryReport and set it to include entries from VarMobilityHistoryReport and the mobilityHistoryReport an entry for the current cell, possibly after removing the oldest entry if required, which set visitedCellId to the global cell identity of the current cell and set field timeSpent to the time spent in the current cell. And the UEInformationResponse message is used by the UE to transfer the information requested by the E-UTRAN.
Information in UEInformationRequest message:
	UEInformationRequest-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReportReq-r12		ENUMERATED {true}				OPTIONAL,	-- Need ON
	nonCriticalExtension				UEInformationRequest-v1530-IEs	OPTIONAL
}


Information in UEInformationResponse message:
	UEInformationResponse-v1250-IEs ::= SEQUENCE {
	mobilityHistoryReport-r12			MobilityHistoryReport-r12			OPTIONAL,
	nonCriticalExtension				UEInformationResponse-v1530-IEs		OPTIONAL
}
MobilityHistoryReport-r12 ::=	VisitedCellInfoList-r12


Information in VisitedCellInfoList IE:
	VisitedCellInfoList-r12::=	SEQUENCE (SIZE (1..maxCellHistory-r12)) OF VisitedCellInfo
VisitedEUTRACellInfo ::=		SEQUENCE {
	visitedCellId-r12					CHOICE {
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]		cellGlobalId-r12						CellGlobalIdEUTRA,
		pci-arfcn-r12							SEQUENCE {
			physCellId-r12							PhysCellId,
			carrierFreq-r12							ARFCN-ValueEUTRA-r9
		}
	}																OPTIONAL,
	timeSpent-r12						INTEGER (0..4095),
	...
}



2.2 Questions
2.2.1 Questions about Mobility History Information
In NR, the objective about the mobility history information and mobility state is included in the WI of “New WID on SON/MDT support for NR” [1]. If using LTE as baseline, the basic content about mobility history information in NR may include:
· UE records the VisitedCellInfoList which includes cell specific information(cellGlobalId / frequency+PCI) and time spend information;
· UE sends the available indicator in RRCSetupComplete/RRCResumeComplete message;
· Network retrieves the mobility history information by UEInformationRequest/UEInformationResponse messages (Note these two messages are not introduced in TS38.331 yet). 
Question 1-1: Whether to use LTE as baseline for NR mobility history information [2][3][4][5][6]?
	Company name
	Yes/No
	Comments

	Ericsson
	Yes
	LTE should be the baseline. 

	CATT
	Yes
	

	QUALCOMM
	Yes
	Take LTE as the baseline 

	ZTE
	Yes
	

	LG
	Yes
	

	Nokia
	Yes
	LTE should be the baseline for NR mobility history information

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question1-1, all companies support reusing LTE as baseline for NR mobility history information.
Proposal 1-1: Reuse LTE solution as the baseline for NR mobility history information.

In the WID on SON/MDT support for NR [1], one of the objectives is to support UE mobility history information in different states:
· Specification of mobility history information stored by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED UEs, taking LTE mobility history information as a baseline (see TR 38.840)
Many companies have mentioned this enhancement [3][5][6]. The mobility history information of RRC_CONNECTED and RRC_IDLE states is already supported in LTE. For RRC_INACTIVE state in NR, UE behaviour is similar to the RRC_IDLE state which can also perform system information reading, cell reselection, etc. Therefore the UE recording of mobility history information should be the same for both RRC_IDLE state and RRC_INACTIVE state.
Question 1-2: Whether to store the mobility history information by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states?
	Company name
	Yes/No
	Comments

	Ericsson
	Yes
	The only delta in NR compared to LTE is RRC_Inactive and it should be included in mobility history information. 

	CATT
	Yes
	

	QUALCOMM
	Yes
	Store mobility history information by UE for RRC_IDLE, RRC_CONNECTED and RRC_INACTIVE

	ZTE
	Yes
	UE recording of mobility history information should be the same for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states.

	LG
	Yes
	

	Nokia
	
	In our view the storage of UE mobility information in RRC_CONNECTED is nice to have, but the UE can only store PCI/ARFCN. Note that in case BWPs, several PCI/ARFCN can point to the same cell, which complicates the functionality.
[bookmark: _Toc5707312][CATT] According to the description in B.2 “Multiple SSBs in a carrier” in TS38.300, it’s clear that each cell is identified by a PCI/ARFCN. For UE in connected mode, UE can be configured to use the initial BWP resources from other cell, but UE does not know which resources are the initial BWP resources from other cell, this is invisible to UE. What UE knows is that the network configured a large dedicated BWP for it. So it’s invalid that several PCI/ARFCN can point to the same cell. In other words, only one PCI/ARFCN or CGI is associated with a cell. So we can follow the same way to record the CGI or PCI/ARFCN for UE in connected mode. Hope it can solve your concern.

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question1-2, based on the feedback from companies, we conclude the following:
All companies support storing the mobility history information by UE for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states, and then one company think for RRC_CONNECTED only PCI/ARFCN is used because of BWPs.

Question 1-2a: If question1-2 is confirmed, whether the record should be distinguished among RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states? 
	Company name
	Yes/No
	Comments

	Ericsson
	No
	The record should be similar. 

	CATT
	No
	

	QULCOMM
	No
	No, the record should be the same.

	ZTE
	No
	As commented in Q 1-2, the record shall be the same.

	LG
	No
	

	Nokia
	Yes
	It will have to differentiate in some cases. See answer to 1-2a

	Huawei, HiSilicon
	No
	


<Placeholder for a summary>
For Question1-2a, based on the feedback from companies, we conclude the following:
· Most companies think the record does not need to be distinguished among RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states;
· 1 company think for RRC_CONNECTED only PCI/ARFCN is used because of BWPs.

In R15, eLTE introduce RRC_INACTIVE state, but in the section of mobility history information, RRC_INACTIVE state is not applied.
Question 1-2b: For LTE mobility history information, shall we supply the UE action in the text for RRC_INACTIVE state in TS36.331 as well? 
	Company name
	Yes/No
	Comments

	Ericsson
	 No
	We need to focus on NR standardization first for mobility history information. If time permits, we can consider eLTE as well.

	CATT
	Yes
	LTE already supported RRC_INACTIVE mode and supported to report the mobility history info in resume complete message. If not supply the UE action for RRC_INACTIVE, the mobility history will have no continuity, and then the whole reported content maybe useless. So to report the unbroken history info, it is proposed to supply the UE action in RRC_INACTIVE.

	QUALCOMM
	No
	Agree with Ericsson. 

	ZTE
	
	It’s fine to update the corresponding text to include RRC_INACTIVE mode. But  no enhancements will be considered for eLTE at current stage, we will first focus on NR.

	LG
	No
	Agree with Ericsson.

	Nokia
	No
	Agree with Ericsson

	Huawei, HiSilicon
	
	We are interested in RRC_Inactive state for LTE connected to 5GC, and we might discuss it after we complete MHI for NR.


<Placeholder for a summary>
For Question1-2b, based on the feedback from companies, we conclude the following:
· Most companies think supply the UE action in the text for RRC_INACTIVE state in TS36.331 is not necessary;
· 1 company think if not supply the UE action for RRC_INACTIVE, the mobility history will have no continuity.
Based on the summary from Question1-2, Question1-2a and Question1-2b, we propose the following:
Proposal 1-2: In NR, UE can store the mobility history information for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states and there is no need to differentiate the records among different RRC states.
Proposal 1-2a: The enhancement for mobility history information should focus on NR, any enhancement for mobility history information for eLTE should be down-prioritised.
[bookmark: OLE_LINK11][bookmark: OLE_LINK10]In LTE, the mobility history information collected by UE is propagated to the other RAN node after information retrieval by one RAN node. In NR, this may also be supported it by propagating the UE collected mobility history information to the other RAN node by means of handover preparation procedure and Retrieve UE context procedure. 
If RRC_INACTIVE state could be applied for mobility history information, the related UE context could be stored in the network and could also be propagated between the RAN nodes.
Question 1-3: Whether the history information reported by UE can be stored at RAN side for RRC_INACTIVE and propagated to the other RAN node [5]?
	Company name
	Yes/No
	Comments

	Ericsson
	Partially agree
	We support the exchange of UE mobility history information between nodes based on the HO preparation but not by adding this information to UE context but just based on UE reporting part. 

	CATT
	Yes
	But this could be considered as NW implementation, similar as LTE does.

	QUALCOMM
	Yes
	When UE history information is retrieved by a RAN node and UE is sent back to RRC_INACTIVE after that, the UE mobility history information  should be stored by RAN and exchanged between RAN nodes , so that when UE resumes next time,  the serving RAN node can optimize UE specific RNA configuration based on UE history information.

	ZTE
	
	Share the same view as Ericsson, history information can be propagated to the other RAN node by means of handover preparation procedure, but not by UE  context retrieve procedure, as the other RAN node can get the up-to-date history information from the UE via report, while the old one stored at RAN side may be out of date.

	LG
	Yes
	We think LTE behaviour is sufficient, i.e. the history information is propagated to the target gNB only when UE in RRC_CONNECTED is handed over. When UE in RRC_INACTIVE resumes the RRC connection, the UE will report the mobility history for 16 most recently visited cells and the gNB doesn’t need to retrieve the mobility history from other gNB.

	Nokia
	Yes
	This mean that UE mobility history is stored with UE context while UE is in RRC_INACTIVE.

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question1-3, based on the feedback from companies, we conclude the following:
Most companies think the history information reported by UE can be stored at RAN side for RRC_INACTIVE and propagated to the other RAN node. And then 2 companies further suggest not adding the UE mobility history to UE context.
Proposal 1-3: In NR, the network can store the history information reported by UE at RAN side for RRC_INACTIVE and propagate it to the other RAN nodes during HO preparation procedure.
In NR, the UE history information IE in RAN3 specification of TS38.413 contains information about cells that a UE has been served by active state prior to the target cell, and the last visited cell may include either NG-RAN/E-UTRAN/URTAN/GERAN cell.
Since the history transmission among the network nodes could consider the history information received from UE, it is reasonable to also enable UE to record history information of more than one RAT in NR, which may include both E-UTRA cells and NR cells. For the UE variable of VisitedCellInfoList:
· [bookmark: OLE_LINK18][bookmark: OLE_LINK19]When UE leaving an NR cell, an entry could be added to include the NR cell information and the time spent in the cell; 
· When UE leaving an E-UTRA cell, an entry could be added to include the E-UTRA cell information and the time spent in the cell; 
· When UE entering an E-UTRA cell or a NR cell from out of service, an entry could be added to only include the time spent for out of service without any cell information.
Question 1-4: Whether to enhance Visited Cell Information List in NR to record the information of both LTE cells and NR cells? 
	Company name
	Yes/No
	Comments

	Ericsson
	Yes
	Visited Cell Information List should log both NR and LTE cells since we support DC in release 15. 

	CATT
	Yes
	

	QUALCOMM
	No
	As we indicated in response of Question 1-2b, we prefer to first focus on mobility information on NR and eLTE is de-prioritized. Recording mobility history information in different RAT is target for optimization of eLTE. We think it should also be de-prioritized.    

	ZTE
	Yes
	The enhancement may have some benefit for UE speed deriving in the early stage that the coverage of NR cell is not continuous.

	LG
	Yes
	In the early days of NR deployment, UE would camp on an LTE cell frequently, so the mobility history including LTE cell would be useful in UE speed estimation.

	Nokia
	Yes
	Logging two RATs make sense for early deployments

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question1-4, based on the feedback from companies, we conclude the following:
· Most companies agree to enhance Visited Cell Information List in NR to record the information of both LTE cells and NR cells;
· 1 company think recording mobility history information in different RAT is target for optimization of eLTE and it is de-prioritized.
Proposal 1-4: Enhance Visited Cell Information List in NR to record the information of both LTE cells and NR cells.

In NR, a cell can use different amounts of beams according to the difference of frequency and services. A UE in RRC_CONNECTED state shall derive cell measurement results by measuring one or multiple beams per cell as configured by the network.
If the UE history information introduces beam related information, the network could accurately determine the location and speed of the UE. During Handover decision phase, the network could select the best cell and the appropriate beams faster and more accurately with the assistance information of beams, and the success rate of the handover process could be improved and the delay could be reduced as well. 
Question 1-5: Whether to introduce the beam level records for NR cell in mobility history information? 
	Company name
	Yes/No
	Comments

	Ericsson
	No
	We do not see great value for logging beam level record in mobility history information since it would not provide a complete picture of network coverage as the UE report is based upon its active time and speed in the network. UE would miss the beams in DRX OFF state. The UE performs measurements in idle and inactive state oly during ON cycles of the DRX configuration. If the DRX configuration is such that the OFF cycle is very long i.e., few seconds, then a UE might miss on all the beam transitions it would have reported if it was measuring with a smaller OFF cycle.
 

	CATT
	Yes
	Introduce the beam level records could reflect the range of activity of the beams used per cell by the UE, so it is benefit to specify the UE path in detail even some beams maybe missed because of e.g. DRX off.

	QUALCOMM
	No
	Agree with Ericsson

	ZTE
	
	The use case is not obvious to us, and the details requires more investigation. Perhaps can be discussed in next release.

	LG
	Yes
	The beam level reporting already has been agreed for other MDT functions, e.g. logged MDT and RLF reporting. If UE record and reports the beam level information, e.g. time spent in each SSB, the NW could find out the moving route of the UE more precisely and estimate more accurate UE speed.

	Nokia
	No
	The recording of Beam related information would require too much storage in the UE.

	Huawei, HiSilicon
	No
	We do not see a strong need to include beam measurements reaults in MHI.


<Placeholder for a summary>
For Question1-5, based on the feedback from companies, we conclude the following:
· 2 companies agree to introduce the beam level records for NR cell in mobility history information;
· 5 companies do not see great value for logging beam level record or think it requires too much storage.
Proposal 1-5: In NR, beam level records will not be introduced in mobility history information.

In case of dual connectivity, the UE knows the change of PSCell [6], but the SN is not aware of the coverage in the MN. Hence, the SN will need to know the PSCell changes in order to be able to estimate the UE mobility state.
The information on cell changes in the SN RAT could also be of use for the MN in order to optimize the SN choice. One example could be where a high mobility UE is moving between small high frequency PSCells. Based on information on the PSCell changes and the estimated UE mobility state, the MN can realize that the SN choice is not the best, and change to an SN with lower frequency cells. Information on PSCell changes can also help the MN to understand the coverage of the SN and based on this enable faster DC setup after resume.
[bookmark: _Toc21010815]The same information could be reported to the SN. One option is that the mobility history information is forwarded from the MN to the SN, or another option is that the information could be reported directly to the SN.
Question 1-6: Whether to enhance the mobility history information to include the PSCell changes info in MR-DC scenario [2][6]?
	Company name
	Yes/No
	Comments

	Ericsson
	 Yes
	The information on cell changes in the SN RAT could also be of use for the MN in order to optimize the SN choice. One example could be where a high mobility UE is moving between small high frequency PScells. Based on information on the PSCell changes and the estimated UE mobility state, the MN can realize that the SN choice is not the best, and change to an SN with lower frequency cells. Information on PSCell changes can also help the MN to understand the coverage of the SN and based on this enable faster DC setup after resume.

	CATT
	Yes
	

	QUALCOMM
	No
	The intention of PSCell mobility history information is for PSCell change optimization purpose, this CONNECTED mode PSCell change information is known by MN, it can be collected by NW and forwarded to SN.

	ZTE
	
	We can see some benefits, bu the details require more investigations. Can be considered in next release.

	LG
	No
	We prefer NW based solution. I.e. the mobility history information is forwarded from MN to SN, if needed.

	Nokia
	No
	UE history should not replace Logged MDT

	Huawei, HiSilicon
	Yes
	The information of Pcell changes can help network better understand the coverage of the SN.


<Placeholder for a summary>
For Question1-6, based on the feedback from companies, we conclude the following:
· 3 companies agree to enhance the mobility history information to include the PSCell changes info in MR-DC scenario;
· 4 companies think collecting PSCell mobility history information could be done by the network or could be considered in next release.

If your answer for Question 1-6 is “yes”, the next question is that what the UE behaviour is if PSCell changes info is collected by UE. Maybe both MN and SN want to know the PSCell changes info.
· the MN to know the PSCell changes in addition to the PCell changes 
· the SN to know the PSCell changes;
Method1: The UE collects mobility history information on PSCell changes and reports to the MN in MR-DC scenario;
Method2: The UE reports the mobility history information including PSCell and PCell changes directly to the SN;
Method3: Information of one PSCell is placed within the information of the PCell, i.e. the UE records the relation between PCell and PSCell and sends to the MN, and then MN sends the information to SN.
Question 1-6a: Which UE behaviour is more desirable if PSCell changes info is collected in UE history information?
	Company name
	Method 1)/2)/3) or other solutions
	Comments

	Ericsson
	Method 2 + clarification for MN report content
	[bookmark: _Toc21009882][bookmark: _Toc21009897][bookmark: _Ref21010025][bookmark: _Toc21010809][bookmark: _Toc21010824][bookmark: _Toc21012369]It is beneficial for the MN to know the PSCell changes in addition the PCell changes. For simplicity, we propose that the same information is reported to the SN. One option that has been discussed is that the mobility history information is forwarded from the MN to the SN, but since this requires that the MN requests the UE history information from the UE, the SN might not get the information when desired. Therefore, we think that the information should be reported directly to the SN.
We should also clarify that MN would also receive the Pcell and PScell changes. 

	CATT
	Method1
	It is better that all the history be maintained in MN and the records in UE should be reported to the MN in complete messages first. If SN exists, the MN could then forward the related info to the SN when SN addition or SN change. There is no need to exchange the history info between SNs, all the info could be send from the MN to the SN.

	QUALCOMM
	
	See answer to question 1-6

	LG
	
	See answer to question 1-6.

	Huawei, HiSilicon
	Method 3
	We think that Method 2 and Method 3 may be merged into one method. From network point of view, Pscell is anyway related to a Pcell, so “Pcell change and Pscell change” plus “the relation between Pcell and Pscell” should be beneficial.


<Placeholder for a summary>
For Question1-6a, based on the feedback from companies, we conclude the following:
· 3 companies agree to enhance the mobility history information to include the PSCell changes info in MR-DC scenario;
· 4 companies think collecting PSCell mobility history information could be done by the network or could be considered in next release.
Proposal 1-6: Whether to introduce PSCell change info in mobility history information needs futher study.

Upon specifying the mobility history information, possible improvements should also be considered. One way to improve the mobility history information would be to include information aiding the network to understand UE movements and mobility patterns in a better way. For this, sensor information could be used, for example IMU sensor information. Other information, such as UE position could also be of interest to include in the mobility history information.
Question 1-7: Whether is it possible to include sensor information and location information in the mobility history information [2]?
	Company name
	Yes/No
	Comments

	Ericsson
	 Yes
	We support to include sensor information including IMU sensor and UE positioning since it would help the network to have more clear picture of UE geographical movement.

	CATT
	
	No strong view.

	QUALCOMM
	No
	We don’t see strong need to include sensor information in mobility history information. 

	ZTE
	
	No strong view, 

	LG
	No
	We cannot see the need to include sensor information.

	Nokia
	No
	We don’t see a strong need 

	Huawei, HiSilicon
	
	No strong view.


<Placeholder for a summary>
For Question1-7, based on the feedback from companies, we conclude the following:
· 1 company suggest to include sensor information and location information in the mobility history information;
· Other companies don’t see a strong need.
Proposal 1-7: In NR, sensor information and location information is not included in the mobility history information.

Question 1-8: If something is missing from the discussion, please add your concerns in the following part:
	Company name
	Comments

	Ericsson
	We should discuss the logging from Inactive to connected state transition. This was also discussed in the previous meeting by some companies and we think it would assist the network to decide which UE ‘s to configure again for Inactive state. Compared to proposal in Q 1-2a, it adds more value since the logging is same for Idle and Inactive state so no need to log the state itself. 

	
	

	
	


<Placeholder for a summary >
For Question1-8, 1 company suggest to discuss the logging from Inactive to connected state transition.
Proposal 1-8: Further discuss the logging from Inactive to connected state transition.

2.2.2 Questions about Mobility State
In LTE, upon switching to RRC_CONNECTED, UE can report the latest mobility state derived by MSE (Mobility State Estimation) as defined in TS36.304 section 5.2.4.3. The mobility state information is provided via RRCConnectionSetupComplete or RRCConenctionResumeComplete message. Then eNB can identify if the UE was in Normal-mobility state, Medium-mobility state or High-mobility state prior to entering RRC_CONNECTED [4].
And in NR, it is discussed in RAN2#102 meeting about the MSE mechanism and has the agreement below:
Agreement:
1 	Reuse the LTE mechanism of MSE (i.e. adjust Qhyst and Treselection for cell reselection) for both RRC_IDLE and inactive state.
	Note: it doesn’t exclude any enhancement based on R15 method and also other different method for MSE in future releases.
It can be concluded that the UE mobility state within MSE mechanism is the same between LTE and NR. Therefore it seems reasonable to use the same mobility state report solution as LTE does for baseline.
Question 2-1: Whether to use LTE mobility state report solution as baseline for NR [3][4][6]? 
	Company name
	Yes/No
	Comments

	Ericsson
	Yes
	We should reuse LTE baseline for mobility state. 

	CATT
	Yes
	

	QUALCOMM
	Yes
	Mobility state in RRC_IDLE and RRC_INACTIVE can take LTE RRC_IDLE mobility state report as baseline

	ZTE
	Yes
	

	LG
	Yes
	

	Nokia
	Yes
	UE history should not replace Logged MDT

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question2-1, all companies support reusing LTE mobility state report solution as baseline for NR.
Proposal 2-1: Reuse LTE mobility state report solution as baseline for NR.

A work assumption is raised in RAN2#107bis meeting:
2-5	RAN2 confirm that at least the available uncompensated barometric pressure measurement, UE speeds and UE orientation can be reported as sensor information.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2-6 Working assumption: the UE speed state info (i.e., just flag) if available is included in RLF report. The feasibility and the details depending the email discussion on mobility history.
RAN2 has confirmed that the UE speed could be included in sensor information in RLF report [2]. So before discussing the possibility of directly including the speed state info in RLF report, we should first confirm whether the UE mobility state could be covered by the UE speed report in sensor information in RLF report.
Question 2-2: Whether the UE mobility state requirement could be covered by UE speed info in the sensor information in RLF report? 
	Company name
	Yes/No
	Comments

	Ericsson
	 Yes
	see comments below 

	CATT
	Yes
	

	QUALCOMM
	No
	RAN2 just agreed what can be included in UE sensor information. We don’t think it can be directly applied to RLF reporting without online discussion.

	ZTE
	Yes
	If the sensor is advanced enough, the UE can derive the UE speed more precisely by itself than that by the network, e.g., based on the mobility history information from UE.

	LG
	
	The sensor information is not always available so the mobility state would be useful in some cases, but we are not sure the reporting of MSE in RLF report is essential.

	Nokia
	No
	Mobility state report can be sent also when there is no RLF Report.

	Huawei, HiSilicon
	Yes
	


<Placeholder for a summary>
For Question2-2, based on the feedback from companies, we conclude the following:
· 4 companies agreed the UE mobility state requirement could be covered by UE speed info in the sensor information in RLF report, if any;
· Other 3 companies think whether the UE sensor information could be RLF report needs to be discussed first, or the sensor information is not always available.
Proposal 2-2: Whether sensor information is included in RLF report or not should be discussed further.
If the answer of question 2-2 is “No”:
Question 2-3: Whether and how to include mobility state in RLF report?
	Company name
	Yes/No
	Comments

	Ericsson
	     Yes
	UE upon declaring RLF tries re-establishment and if the re-establishment fails, the UE goes to idle. Then the UE gets to know the mobility state related parameters and it can classify itself as low/medium/high speed UE. The UE can include this speed state value in the RLF report.

	QUALCOMM
	No
	The Radio Link Failure report contains information related to the latest connection failure experienced by the UE. It contains the measurement of serving cell and neighbour cells when RLF happens. The UE tries to perform re-establishment and the UE state is in RRC_CONNECTED before T311 expiries. Thus NR agreed MSE for IDLE/INACTIVE mode  is not applicable.
With regarding to the case that the UE goes to idle after re-establishment failure mentioned by Ericsson, we understand that the UE will include its mobility state in RRCSetupComplete as agreed before. Thus, it is redundant to also include it in RLF reporting.  

	Nokia
	No
	If mobility state is in the UE UL message, there is no need to include it in the RLF report. However, it could be added for X2/Xn RLF Report transfer. If this is included, the detailed content of mobility history need further investigation: if this is recent available Mobility History or Mobility History from the time of the failure. 


<Placeholder for a summary>
For Question2-3, based on the feedback from companies, we conclude the following:
· 1 company supports to introduce the mobility state in RLF report after UE goes to idle after re-establishment failure;
· Other companies do not support to introduce the mobility state in RLF report.
Proposal 2-3: Mobility state info is not included in RLF report for NR.

Question 2-4: If something is missing from the discussion, please add your concerns in the following part:
	Company name
	Comments

	
	

	
	

	
	


<Placeholder for a summary >

3	Summary
Based on the discussion in section 2, we conclude the followings:
<Placeholder for the summary>
Proposal 1-1: Reuse LTE solution as the baseline for NR mobility history information.
Proposal 1-2: In NR, UE can store the mobility history information for RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED states and there is no need to differentiate the records among different RRC states.
Proposal 1-2a: The enhancement for mobility history information should focus on NR, any enhancement for mobility history information for eLTE should be down-prioritised.
Proposal 1-3: In NR, the network can store the history information reported by UE at RAN side for RRC_INACTIVE and propagate it to the other RAN nodes during HO preparation procedure.
Proposal 1-4: Enhance Visited Cell Information List in NR to record the information of both LTE cells and NR cells.
Proposal 1-5: In NR, beam level records will not be introduced in mobility history information.
Proposal 1-6: Whether to introduce PSCell change info in mobility history information needs futher study.
Proposal 1-7: In NR, sensor information and location information is not included in the mobility history information.
Proposal 1-8: Further discuss the logging from Inactive to connected state transition.
Proposal 2-1: Reuse LTE mobility state report solution as baseline for NR.
Proposal 2-2: Whether sensor information is included in RLF report or not should be discussed further.
Proposal 2-3: Mobility state info is not included in RLF report for NR.
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