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1
Introduction
In RAN2#82 [1], the following agreement was made regarding signalling UE mobility information to the network:

	Agreements
1
The UE shall provide mobility information to the network at RRC connection setup. The details (granularity, …) are FFS.


Afterwards, RAN2#83bis [2] made the following further agreements about UE mobility information signalled at the connection setup: 
Agreements
1a
The UE reports an indicator of availability of visited cell history

1b
The UE reports the mobility state estimated by MSE if MSE was configured

2
The network may retrieve the visited cell history upon receiving the indication (1a)

3
The visited cell history comprises cells visited while the UE was IDLE

FFS whether the visited cell history comprises cells visited while the UE was CONNECTED

4
The visited cell history comprises time of stay and physical cell IDs of the visited cells 

FFS what the granularity of the time information is

FFS how many cells the history information should cover and whether the NW can request the number it would like to be reported. 

In this paper we further analyze details of how to realize these decisions and what level of information should be indicated to network. 
2
Discussion

As can be seen from the previous meeting’s minutes, there are still several open questions regarding how the mobility information is sent:
· In which message is the current UE MSE state and the availability indication of UE history information indicated to eNB?

· In which message is the mobility information sent and what is the exact content of the message?

· Details of the UE history information message?

· What happens when UE changes PLMN or RAT?

In the following sections, we analyze each of these aspects.

2.1
Details of sending the mobility information message
As per RAN2#83bis decisions, UE should send the “mobility history indication”, i.e. MSE state and the indication of mobility history information to eNB.

Since the UE has 3 possible MSE states (i.e. normal, medium and high), signalling the UE MSE state does not require many bits to be transmitted – 2 bits should be sufficient for transmission the MSE state, but the ASN.1 extension mechanism will also cost at least 1 bit. In the discussion in RAN2#82 it was concluded that mobility related information is preferably received by the NW as early as possible prior sending RRC connection reconfiguration in order to avoid multiple reconfigurations. But even two bits can be vulnerable in the RRCConnectionRequest and so it would be preferable to avoid extra bits in that message.
Proposal 1: Do not provide mobility related information in the RRCConnectionRequest.
Other possibilities for sending the indication messages include the RRCConnectionSetupComplete or the separate UE information providing procedures, e.g. UEInformationRequest or UEAssistanceInformation procedures. We should also understand whether it would be desirable to send mobility related information in two parts as agreed in RAN2#83bis, i.e. MSE related information first and then NW may request additional mobility information if seen necessary. 
The amount of bits needed for mobility information depends on details of signalled information but would anyway be tens of bits. Since MSE is optional to activate and the NW may not want any extra signalling without explicit request/indication it would be desirable to be able to configure whether the information is required to be sent. Hence, we propose that it should be possible for NW to control whether UE sends the mobility history information indication:
Proposal 2: MSE/Mobility information is not sent to NW without implicit/explicit request/configuration from NW

From UE point of view collecting any mobility information could be done in at least two ways:

1) UE collects mobility information always regardless whether collection is configured or not
2) NW configures UE to start collecting the information e.g. at connection release

From signalling point of view 1) would seem the simplest as UE would then always “store” mobility information and report it on the request from NW, so there would be no need for NW to enable configuring of collection of information for UE.
Proposal 3: UE supporting collection of mobility information collects mobility information always without explicit configuration.
Assuming proposal 3 is acceptable it seems that UE could always report mobility information, but even then NW should know whether the UE has the information to be able to retrieve it from UE (e.g. similarly as with UEInformationRequest for RLF reporting).

It seems that if UE has MSE information UE would also have any related detailed mobility information as UE needs those to calculate MSE properly. On the other hand, if NW has not configured MSE for RRC_IDLE mode, the UE might not have MSE information available, so UE needs to be able to indicate whether it has available mobility information.

Proposal 4: UE indicating MSE availability will also have additional more detailed mobility information available.

Proposal 5: UE having collected mobility information shall be able to indicate to NW it has additional mobility information available. 
2.1.1
ASN.1 details of MSE and Mobility history information availability indications
One possibility is to send all mobility related information with explicit request/response procedure e.g. UEInformationRequest (or even completely new messages) or then one could send e.g. MSE even earlier e.g. in RRConnectionSetupComplete message and detailed mobility information later with separate procedure (e.g. UEInformationRequest). So at least we have these options:
A. In RRCConnectionSetupComplete, UE indicates availability of mobility related information. NW would request detailed any mobility information with separate procedure.
B. In RRCConnectionSetupComplete, UE indicates availability of mobility related information and MSE if available: NW then requests detailed mobility information with separate procedure. 
C. Sending mobility related information later i.e. after first RRCConnectionReconfiguration.

To avoid instant reconfiguration procedures, we think that the option C is not probably best procedure, so it is not studied further in this paper. 
On high level realizing option A) ASN.1 could look like this for RRCConnectionSetupComplete:
RRCConnectionSetupComplete-v12xx-IEs ::= SEQUENCE {


mobilityInfoAvailable-r12

ENUMERATED {true}



OPTIONAL,

nonCriticalExtension


SEQUENCE {}





OPTIONAL

}

For option B) ASN.1 could look like this for RRCConnectionSetupComplete:

RRCConnectionSetupComplete-v12xx-IEs ::= SEQUENCE {


mobilityInfoAvailable-r12

SEQUENCE {



mse-State-r12



ENUMERATED {normal, medium, high, spare1}


OPTIONAL



}



















OPTIONAL,


nonCriticalExtension


SEQUENCE {}





OPTIONAL

}

From procedural point of view differences of A) and B) are:

A. With A), NW needs to always request additional mobility information but the message size in RRCConnectionSetupComplete is minimized.

B. With B), if knowing the UE MSE state is sufficient, the network has no need for requesting additional information. However, the size of RRCConnectionSetupComplete is slightly larger than with A). 
Fundamentally, we see option B) as realizing the RAN2#83bis agreements: The downside of the message size is not very big, and the MSE information could already be sufficient for the network.
Proposal 6: RAN2 to agree on option B) for ASN.1 signalling of mobility information
2.1.2
ASN.1 details of NW request for the UE mobility history information
For requesting additional mobility information NW needs to request it e.g. via UE information request procedure where one can implement ASN.1 e.g. in following exemplary way:
UEInformationRequest-v12xx-IEs ::= SEQUENCE {


mobilityInfoReq-r12




ENUMERATED {true}




OPTIONAL,
-- Need ON


nonCriticalExtension



SEQUENCE {}






OPTIONAL
-- Need OP

}

But before deciding on contents of actual report RAN2 needs to consider what information is actually required to get sufficient information about UE mobility, considering also that during mobility history collection the UE may have also had out-of-coverage periods. Since the PCI and “times of stay” have already been agreed to be included, we focus following studies whether something additional would be needed, e.g.:

· Carrier Frequency of reported PCI: Generally in RRC reporting always corresponding carrier frequency is also reported (e. g. RLF report, normal measurement reporting). This is to map cells to correct frequency and avoid PCI confusion between frequencies.

· CGI: If PCI confusion is possible, differentiating cells of a carrier having same PCI then CGI would be required as well. But since mobility information as such does not need to know exact cell information it seems that CGI is not that critical and probably best leave out to avoid extra signaling overhead.

Proposal 7: For each cell in the UE mobility history, PCI, carrier frequency and “time of stay” shall be included in the UE mobility information report.
With above proposal, an example ASN.1 is provided below. (Note that we assume UEInformationResponse-message is used to carry the mobility information and there is no inter-RAT cell change reporting):

UEInformationResponse-v12xx-IEs ::= SEQUENCE {


mobilityInfoReport-r12



MobilityInfoReport-r12


OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

MobilityInfoReport-r12 ::=



SEQUENCE (SIZE (1..maxCells)) OF MobilityInfo-r12
MobilityInfo-r12 ::=



SEQUENCE {



physCellId-r12






PhysCellId,



carrierFreq-r12






ARFCN-ValueEUTRA,



timeOfStay-r12






Integer(1..FFS)
}
As can be seen then there are various additional things that one needs complete before making any final ASN.1 decisions:

2.1.3
Granularity of time information
As reselections cannot happen more often than once a second it is rather clear that no finer granularity is required. Even coarser granularity could be considered if sufficient, to minimize the overhead, but 1s seems a reasonable way forward.
Proposal 8: No finer granularity for time information than 1 seconds is required. 

2.3
Maximum required time of stay and number of cells that needs to be reported
The window over which UE evaluated MSE is 240seconds (4minutes) at maximum, which could also be a good baseline for maximum value for time of stay in a cell. As UE needs to have already this amount of memory associated to MSE procedures this seems to be valid maximum time period to be reported and requirement of remembering past cell changes.
Proposal 9: The maximum value for reported time of stay in a cell is 240 seconds. 
Proposal 10: UE shall be able to keep a record of cell changes within the latest 240 seconds.
Proposal 11: UE needs to be able to report at maximum 16 cells in the mobility information report.
From signaling overhead point of view there may be need to limit amount of signaling but from UE complexity point of view there should not be impacts if no more requirements are set than are currently done for MSE. 
2.4
UE behavior at RAT/ PLMN changes
Then one would need to define also UE behavior for handling mobility information in case of various cell change events as described in the following sections.
2.4.1
Collecting cell changes to/from other RATs
During IDLE mode, UE may also do inter-RAT cell changes. It is not clear how the UE should treat the mobility information in those cells, but  the simple choices are:
1) UE collects also inter-RAT cell changes

2) UE does not collect inter-RAT cell changes

As currently UE behavior for inter-RAT MSE is left for UE implementation it may not be simple for UE to include inter-RAT cells in the mobility information reporting. But as any extra information could be useful for the network to enable better usage of information, it would be good to be able to include this information in the report if complexity is not increased too much. 
Proposal 12: Inter-RAT cell history information would be reported in the UE mobility history information report if the complexity increase is not found too big 
2.4.2 
RRC state changes during “recording period”

In the existing systems networks may release UE RRC connection quite aggressively and as NW does not store UE mobility history in the UE context NW would lose the track of UE mobility between state changes. So it would be useful to collect this information also between state changes, but this could possibly mean from UE point of view additional complexity as currently there is no required behavior between state changes and MSE estimation. But it should also be acknowledged that such a behavior is not outruled by specifications according to our understanding. As the additional complexity should not be big in the UE anyway as even currently UE needs to be able to evaluate MSE state both in connected and idle states, it seems reasonable to collect cell changes also between IDLE and CONNECTED transitions. 
Proposal 13: Mobility history information is collected from cell changes in both IDLE and CONNECTED states, assuming UE complexity for doing it is not deemed too complex in RAN2
2.4.3
PLMN change

Similarly as for MDT, it is not desirable to send mobility history information for non-RPLMN cells to avoid providing information belonging to another operator. Since the UE will anyway report the MSE state, the network will anyway have some information of the UE mobility. 

Proposal 14:  UE only reports history information for cells belonging to its RPLMN
3
Conclusion

In this paper we analysed many open points of mobility information reporting and this lead us to following proposals:
Proposal 1: Do not provide mobility related information in the RRCConnectionRequest.
Proposal 2: MSE/Mobility information is not sent to NW without implicit/explicit request/configuration from NW

Proposal 3: UE supporting collection of mobility information collects mobility information always without explicit configuration.

Proposal 4: UE indicating MSE availability will also have additional more detailed mobility information available.

Proposal 5: UE having collected mobility information shall be able to indicate to NW it has additional mobility information available. 
From 2 different alternatives:

A. In RRCConnectionSetupComplete, UE indicates availability of mobility related information. NW would request detailed any mobility information with separate procedure.

B. In RRCConnectionSetupComplete, UE indicates availability of mobility related information and MSE if available: NW then requests detailed mobility information with separate procedure 

Proposal 6: RAN2 to agree on option B) for ASN.1 signalling of mobility information
Proposal 7: For each cell in the UE mobility history, PCI, carrier frequency and “time of stay” shall be included in the UE mobility information report.

Proposal 8: No finer granularity for time information than 1 seconds is required. 

Proposal 9: The maximum value for reported time of stay in a cell is 240 seconds. 

Proposal 10: UE shall be able to keep a record of cell changes within the latest 240 seconds.

Proposal 11: UE needs to be able to report at maximum 16 cells in the mobility information report.

Proposal 12: Inter-RAT cell history information would be reported in the UE mobility history information report if the complexity increase is not found too big 
Proposal 13: Mobility history information is collected from cell changes in both IDLE and CONNECTED states, assuming UE complexity for doing it is not deemed too complex in RAN2
Proposal 14:  UE only reports history information for cells belonging to its RPLMN
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