3GPP TSG-RAN WG2 #99bis
R2-1710996
Prague, Czech Republic, 9 - 13 October 2017
Agenda Item:
9.9.2
Source:
Nokia, Nokia Shanghai Bell
Title:
Faster idle mode measurements
WID/SID:
LTE_euCA-Core - Release 15
Document for:
Discussion 

1
Introduction
One of the main objective of euCA WID [3] is:

	· Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:

· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),

· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),

· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)




In the previous RAN2#99 meeting, the following agreements were done related to delay reduction for SCell set-up [5]:

Agreements:

1
UE can be indicated an inter-frequency carrier to measure during the idle state. The inter-frequency measurement operation and requirement is FFS. How fast to report the measurement is FFS. The security issue of report is FFS.

2
It is FFS on whether configuring a SCell to be directly in active state at RRC reconfiguration. 
In this paper, we will discuss the open items related to Agreement #1 and provide results showing the impact on UE power consumption due to performing extra measurements in idle mode. In addition, we will show that there is can be a positive trade-off between power consumption and extra measurements, which improves end-user experience.
2
Fast small cell measurements
2.1 
Configuring inter-frequency measurements in IDLE

According to Agreement #1 from RAN2#99, UE can be indicated an inter-frequency carrier to measure during the idle state. This needs to be separated from the carriers UE searches/measures for cell selection or reselection. The advantage of this approach is that in case the traffic (either MO or MT) starts while UE is in idle, the UE would most likely be able to quickly offload its traffic to the latest small cell that was measured while in idle-mode. Furthermore, these additional idle mode measurements could be optional and (only) for the CA capable UEs in order to avoid imposing any further constraints for non-CA capable UEs or any low cost or low power consumption UEs.
The signalling of how the network can indicate UE what carrier(s) UE should measure could be done either through dedicated signalling (e.g. at RRCConnectionRelease) or through broadcast signalling (i.e. system information, e.g. new SIB2x or existing inter-frequency measurement SIB5). 
· In case of dedicated signalling, the indication of the carrier or small cell could be signalled for example e.g. in RRCConnectionRelease. This example is illustrated in the Figure 1.
· If SI is used, existing SIB5 seems a reasonable candidate: A new SIB would create overhead, and SIB5 is already dedicated to inter-frequency carrier information for reselection purposes. Therefore, it would be a logical place to use the information.
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Figure 1 Illustration on fast small cell access procedure
Signalling availability of inter-frequency carrier/SCell measurement information obtained during idle mode could also be arranged as part of connection establishment signalling (e.g. within RRCConnectionRequest via an establishment cause, or within RRCConnectionSetupComplete via a new indication). The measurement report could be sent as part of UE information procedure (UEInformationRequest and UEInformationResponse messaging) after the RRC connection has been established.
Proposal 1: The indication for which carrier(s) UE should do the IDLE measurements is included in SIB5.

An example of the ASN.1 for this is shown in Annex C.

2.2 
Reporting IDLE measurements at connection setup

UE also needs to indicate the measurements to eNB somehow. There are two basic choices: Either indicate that the measurement results are available, or directly indicate the results themselves. Assuming that only 1-2 carrier measurements are indicated, the size is not big. The simplest alternative seems to be that measurement results would be provided within the RRCConnectionsetupComplete. 

Proposal 2: UE indicates the availability of inter-frequency SCell measurements in RRCConnectionSetupComplete.

Proposal 3: Discuss in which cases UE could directly indicate the available measurement results in RRCConnectionSetupComplete directly.

In the measurement result report of these additional idle mode SCell measurements the UE would at least indicate what cells (ID e.g. PCID) it has been able to identify on the carrier frequency or frequencies indicated for these measurements.  This means that UE could indicate if the previously configured SCell(s) is still available. In case SCell would still be available and UE would be able to measure, UE would store/keep some information of the SCell(s) and measure also during the idle mode. Whether UE is allowed to do this would be configured at RRC connection release, in a similar manner as is done for suspend/resume of RRC connection. 
Proposal 4: eNB may indicate at connection release that UE should retain part of SCell configuration. At completion of RRC connection request, UE can indicate if the previously configured SCell(s) is still available.

Also, since these additional idle mode measurements are not used for mobility support like measurements for cell reselections, they can be “best effort” to keep the UE power consumption as close to idle mode as possible. For example, similar requirements as currently apply for lower priority reselection (in IDLE mode) could be applied for these cases. 
Proposal 5: A separate measurement DRX cycle is defined for IDLE mode measurements used for CA purposes. LS is sent to request RAN4 to define measurements requirements for those.
The most important factor for the measurements is that the UE has relatively recently detected the given cell and therefore, immediate configuration of this cell as SCell for Carrier Aggregation could be done by the network with high enough probability of the SCell being actually usable by the UE. This would result in shorter delays in SCell configuration and therefore faster usage of CA for data transmission.
Therefore, we propose the following Stage-2 – level agreements for this:

1) eNB indicates in RRCConnectionSetup whether UE should provide available CA measurement within RRCConnectionSetupComplete.

2) UE that doesn’t comprehend the measurements will provide no measurements. UE that does comprehend them provides the measurements if any are available, or an indication that no measurements are available.

An example ASN.1 of these proposals is provided in Annex C.
3 
Effect on UE power consumption

Since the additional idle mode measurements are not used for mobility support like measurements for cell reselections, they can be best effort and accuracy. Furthermore, too frequent small cell (carrier) measurements for a UE in the idle mode may be too expensive, so there should be a balance between UE power consumption and offloading latency.

To reduce the measurement effort, these measurements could be done with reduced measurement performance requirements and/or for a limited duration of time. Therefore, the UE inter-frequency measurements in idle state could be less frequent than in RRC connected and thus less effort for the UE. 
Proposal 6: To reduce the measurement effort, extra measurements in idle are performed for a predetermined time (e.g. few minutes or tens of seconds), duration of which could be indicated in the signalling from the network.
Figure 4 shows how much extra power consumption is expected in idle due to the inter-frequency measurements for SCells. This considers as a basis for measurement periodicity to be the LTE paging cycle (1.28 s). Impact on UE power consumption is considered for different inter-frequency SCell measurements cycles. The assumption here is that UE can measure both the serving cell and the inter-frequency carrier at the same time and that measuring the inter-frequency carrier increases the power consumption by 50%  [6].
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Figure 4 UE extra power consumption as a function of the inter-frequency measurement periodicity.


As it can be seen from Figure 4, the less frequently the UE takes the measurement samples the lower the power consumption impact. The highest power consumption happens if UE takes samples every measurement cycle and in that case that is of max 50%, compared to the IDLE mode power consumption. But UE would not likely continue inter-frequency measurements that frequently for longer periods of time. So, it is fair to say that the power consumption in idle anyway is not that high in relation to the benefits UE experience in terms of quicker offload and better throughputs, as shown in section 3.1.2 and  [4]. In any case, IDLE mode UE power consumption is clearly less than in connected mode, when UE is offloading to the small cell. Moreover, the more power efficient data transmission in the small cell can compensate this if the small cell is available faster after the connection setup.
3.1 Performance results

To fairly assess the performance impact of faster idle mode measurements, the performance gains in terms of throughput and latency as well as the power consumption impact need to be considered.

Furthermore, the power consumption impact should be considered from the point of view of both idle and connected states, as increased power consumption during idle mode can lead to large benefits for the UE and network in connected state. So, looking at the idle state power consumption alone is not sufficient.
3.1.1 Simulation setup

To quantify the performance impact of extra measurements in IDLE (and thus faster SCell setup), we conducted system simulations in an inter-site CA deployment comparing impact of different small cell access/set-up delays and inter-frequency SCell measurement periodicities. The scenario is LTE HetNet deployment, with 21 macro-cells, each macro cell having a hotspot cluster of 4 small cells. UEs are uniformly distributed in the scenario and they move within the deployment area with the speed of 3 km/h or 30 km/h, depending on the simulation case. 

The performance evaluation is done for FTP 3 traffic model as defined in TR 36.814 [2]. We assumed a file size of 0.5 MB, file interarrival rate of 8 to 20 s depending on the load point, and 40 UEs per macro cell area.  Different total SCell setup delays have been simulated, ranging from 50 ms to 500 ms. This delay is the total small cell delay assumed until the UE is scheduled in the small cell, i.e. it is assumed to include all the measurement, reporting, configuration and activation delays. In LTE, the typical set-up delay for CA depends on the number of inter-frequency carriers measured. In case of one frequency layer, the delay is expected to be at minimum around 500 ms (inter-frequency measurement period is 480 ms). Longer delays can be expected if more carriers are monitored. Shorter values are simulated to show the gain potential.

In the results, we assumed that the measurement duration is 5 ms, for a measurement cycle (same as paging cycle) of 1.28 s and considering that the extra small cell inter-frequency measurement consumes 50% more power than in the case of no SCell inter-frequency measurements in idle state (i.e. legacy case). We assume 2 measurements per measurement cycle. In the 500 ms SCell setup delay case the UE does not perform inter-frequency SCell measurements in the idle state.
More details of the simulation assumptions and setup used are given in the Annex B.

3.1.2 Simulation results
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Figure 2 UE energy consumption per second, 3 km/h
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Figure 3 UE energy consumption per second, 30 km/h


Figure 2 shows the mean UE energy consumption for 3 km/h and Figure 3 shows the shows the mean user energy consumption for 30 km/h -. From these results, we can observe the following:
· Low impact on overall power consumption due to extra measurements.
·  The impact on UE power consumption due to inter-frequency SCell measurements is low enough to be offset by more efficient data transmission in the small cell.
· With higher UE speed, the UE power consumption is increasing as the connection quality is more varying and more difficult to adapt, and therefore the UE needs to stay longer time in the connected mode.
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Figure 4 UE effective throughput for CA, 3 km/h
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Figure 5 UE effective throughput for CA, 30 km/h


Figure 5Figure 4

 REF _Ref493925696 \h 
 shows the mean UE effective throughput while in CA for 3 km/h and  shows the mean UE effective throughput while in CA for 30 km/h – Both results are for the case when the RRC connection release timer is 50 ms (similar observations could be made also for higher RRC connection release timer). From these results, we can observe the following:

· Decreasing the small cell layer set-up delay (by having the small cell measurements available at or before connection establishment), there is higher probability getting the small cell in use before the file transfer is fully completed and therefore on average better user throughput is experienced.
· In case of lower offered load (longer inter-arrival rate) the benefit is ~80-90% (compared to reference case of 500 ms), while for higher offered load the benefit is ~40-70% depending on the UE speed.

Observation 1: There is a clear benefit from faster measurements to UE throughput.
3.1.3 UE power saving vs. extra measurements
In Figure 7 there is an illustration of how much power saving could be done taking as reference the 500 ms case. Figure 6 shows the corresponding UE power consumption. The power saving results assume that the measurement duration is 5 ms, for a measurement cycle (same as paging cycle) of 1.28 s and considering that the extra small cell inter-frequency measurement consumes 50% more power consumption than in the case of no extra inter-frequency measurements (i.e. legacy case). We consider 2 measurements/measurement cycle.
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Figure 6 UE power saving compared to 500 ms delay, 3 km/h
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Figure 7 UE power saving compared to 500 ms delay, 30 km/h


From these results, we can observe the following:
· With higher energy efficiency of the small cell transmission one saves roughly 20% to 30% in power consumption, which can be translated in extra small cell measurements (per call) – before break even in energy consumption.
· This time can be further prolonged if UE measures small cell less frequently.
Observation 2: The UE power consumption can be kept similar to regular IDLE mode power consumption by controlling the measurement period of the UE. 

Observation 3: There is a trade-off between energy consumption and accuracy of measurements. 

Observation 4: The increase in UE CA activity time in CONNECTED reduces the UE power consumption since UEs can be moved to RRC_IDLE more quickly.

Observation 5: There is a positive trade-off between extra measurements in RRC_IDLE and reduced time in RRC_CONNECTED due to the extra measurements.
4
Conclusions
In this contribution, we have discussed the impact of the doing inter-frequency measurements in IDLE mode for the purpose of UE reporting measurements faster to eNB at transition to RRC_CONNECTED. Simulation results were shown indicating the power consumption impacts of doing so. The following observations were made from the simulations
Observation 1: There is a clear benefit from faster measurements to UE throughput.
Observation 2: The UE power consumption can be kept similar to regular IDLE mode power consumption by controlling the measurement period of the UE. 

Observation 3: There is a trade-off between energy consumption and accuracy of measurements. 

Observation 4: The increase in UE CA activity time in CONNECTED reduces the UE power consumption since UEs can be moved to RRC_IDLE more quickly.

Observation 5: There is a positive trade-off between extra measurements in RRC_IDLE and reduced time in RRC_CONNECTED due to the extra measurements.
Based on these, we conclude that the scheme seems beneficial and propose the following:
Proposal 1: The indication for which carrier(s) UE should do the IDLE measurements is included in SIB5.

Proposal 2: UE indicates the availability of inter-frequency SCell measurements in RRCConnectionSetupComplete.

Proposal 3: Discuss in which cases UE could directly indicate the available measurement results in RRCConnectionSetupComplete directly.

Proposal 4: eNB may indicate at connection release that UE should retain part of SCell configuration. At completion of RRC connection request, UE can indicate if the previously configured SCell(s) is still available.

Proposal 5: A separate measurement DRX cycle is defined for IDLE mode measurements used for CA purposes. LS is sent to request RAN4 to define measurements requirements for those.
Proposal 6: To reduce the measurement effort, extra measurements in idle are performed for a predetermined time (e.g. few minutes or tens of seconds), duration of which could be indicated in the signalling from the network.
An example of Stage-2 text for these proposals is provided in Annex B, and an example of the possible Stage-3 (ASN.1) modifications is provided in Annex C.
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Annex A: Simulation parameters

Table 1 General parameters

	Parameter
	Assumption

	System bandwidth - macro
	10 MHz

	System bandwidth - small cell
	10 MHz

	Frequency layer - macro
	2.0 GHz

	Frequency layer - small cell
	3.5 GHz 

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Small cells
	4 small cells per macro

	UE mobility
	3, 30 km/h

	UE deployment
	Uniform in hexagonal grid

	Macro inter-site distance
	500 m

	DL Antenna configuration
	1x2, MRC receiver

	Macro BS Tx power
	46 dBm

	Small cell Tx power
	30 dBm

	UE maximum Tx power
	23 dBm

	Pathloss model - macro
	UMa [2]

	Pathloss model - small cell
	UMi [2]

	Traffic
	FTP model 3 as per TR 36.814 [2]

	FTP file size
	0.5 MB

	Offered load 
	Varied ( 8, 16, 20 Mbps per macro area)

	Scheduler
	Proportional fair

	SCell detection + measurement + configuration delay + SCell activation delay
	50, 100, 200 or 500 ms

	SCell configuration 
	A4, RSRQ threshold -17 dB

	Number of UEs/macro
	40

	Simulated packet inter-arrival rates (translates to different offered loads)
	8s, 12s, 16s or 20s

	RRC Release timer
	50 ms


Annex B: Proposed Stage-2 text to TS36.300
10.1.3.2
Inter-frequency neighbour (cell) measurements

Regarding mobility between different frequency layers (i.e. between cells with a different carrier frequency), UE may need to perform neighbour cell measurements during DL/UL idle periods that are provided by DRX or packet scheduling (i.e. gap assisted measurements).
UE may be requested to measure inter-frequency carriers in RRC_IDLE mode and store the measurements for use when moving to RRC_CONNECTED. 
Annex C: ASN.1 examples (based on Rel-14 RRC v14.4.0)

RRCConnectionSetup message
-- ASN1START

RRCConnectionSetup ::=



SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE {




rrcConnectionSetup-r8



RRCConnectionSetup-r8-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetup-r8-IEs ::=

SEQUENCE {


radioResourceConfigDedicated

RadioResourceConfigDedicated,


nonCriticalExtension



RRCConnectionSetup-v8a0-IEs


OPTIONAL

}

RRCConnectionSetup-v8a0-IEs ::= SEQUENCE {


-- This is only for late non-critical extensions from Rel-8 onwards


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetup-v15xy-






OPTIONAL

}

RRCConnectionSetup-v15xy-IEs ::= SEQUENCE {


requestIdleMeasurements-r15


ENUMERATED {true}




OPTIONAL,


-- This is only for late non-critical extensions from Rel-15 onwards


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



SEQUENCE {}






OPTIONAL

}

-- ASN1STOP

RRCConnectionSetupComplete message
-- ASN1START

RRCConnectionSetupComplete ::=

SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




rrcConnectionSetupComplete-r8

RRCConnectionSetupComplete-r8-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

RRCConnectionSetupComplete-r8-IEs ::= SEQUENCE {


selectedPLMN-Identity



INTEGER (1..maxPLMN-r11),


registeredMME





RegisteredMME





OPTIONAL,


dedicatedInfoNAS




DedicatedInfoNAS,


nonCriticalExtension



RRCConnectionSetupComplete-v8a0-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v8a0-IEs ::= SEQUENCE {


lateNonCriticalExtension


OCTET STRING





OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1020-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1020-IEs ::= SEQUENCE {


gummei-Type-r10





ENUMERATED {native, mapped}


OPTIONAL,


rlf-InfoAvailable-r10



ENUMERATED {true}




OPTIONAL,


logMeasAvailable-r10



ENUMERATED {true}




OPTIONAL,


rn-SubframeConfigReq-r10


ENUMERATED {required, notRequired}
OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1130-IEs
OPTIONAL

}

RRCConnectionSetupComplete-v1130-IEs ::= SEQUENCE {


connEstFailInfoAvailable-r11

ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1250-IEs

OPTIONAL

}

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

}

RRCConnectionSetupComplete-v1320-IEs ::= SEQUENCE {


ce-ModeB-r13





ENUMERATED {supported}





OPTIONAL,


s-TMSI-r13






S-TMSI









OPTIONAL,


attachWithoutPDN-Connectivity-r13
ENUMERATED {true}






OPTIONAL,


up-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


cp-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1330-IEs

OPTIONAL
}

RRCConnectionSetupComplete-v1330-IEs ::= SEQUENCE {


ue-CE-NeedULGaps-r13




ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1430-IEs

OPTIONAL

}

RRCConnectionSetupComplete-v1430-IEs ::= SEQUENCE {


dcn-ID-r14






INTEGER (0..65535)



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v15xy-IEs 

OPTIONAL

}

RRCConnectionSetupComplete-v15xy-IEs ::= SEQUENCE {


idleMeasResults-r15




MeasResultsIdle-r15



OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

-- ASN1STOP

MeasResults information element

-- ASN1START

MeasResults ::=





SEQUENCE {


measId







MeasId,


measResultPCell




SEQUENCE {



rsrpResult






RSRP-Range,



rsrqResult






RSRQ-Range


},


measResultNeighCells



CHOICE {



measResultListEUTRA




MeasResultListEUTRA,



measResultListUTRA




MeasResultListUTRA,



measResultListGERAN




MeasResultListGERAN,



measResultsCDMA2000




MeasResultsCDMA2000,



...


}

















OPTIONAL,


...,


[[
measResultForECID-r9



MeasResultForECID-r9


OPTIONAL


]],


[[
locationInfo-r10




LocationInfo-r10



OPTIONAL,



measResultServFreqList-r10


MeasResultServFreqList-r10

OPTIONAL


]],


[[
measId-v1250





MeasId-v1250




OPTIONAL,



measResultPCell-v1250



RSRQ-Range-v1250



OPTIONAL,



measResultCSI-RS-List-r12


MeasResultCSI-RS-List-r12

OPTIONAL


]],


[[
measResultForRSSI-r13



MeasResultForRSSI-r13


OPTIONAL,



measResultServFreqListExt-r13

MeasResultServFreqListExt-r13
OPTIONAL,



measResultSSTD-r13




MeasResultSSTD-r13



OPTIONAL,



measResultPCell-v1310



SEQUENCE {




rs-sinr-Result-r13




RS-SINR-Range-r13



}
















OPTIONAL,



ul-PDCP-DelayResultList-r13


UL-PDCP-DelayResultList-r13

OPTIONAL,



measResultListWLAN-r13



MeasResultListWLAN-r13


OPTIONAL


]],


[[
measResultPCell-v1360



RSRP-Range-v1360



OPTIONAL


]],


[[
measResultListCBR-r14



MeasResultListCBR-r14


OPTIONAL,



measResultListWLAN-r14



MeasResultListWLAN-r14


OPTIONAL


]]
}

MeasResultsIdle-r15
::= SEQUENCE {


measResultPCell




SEQUENCE {



rsrpResult-r15





RSRP-Range,



rsrqResult-r15





RSRQ-Range-r13,


rs-sinr-Result-r15




RS-SINR-Range-r13
OPTIONAL

},


measResultNeighCells



CHOICE {



idleMeasResultListEUTRA-r15


IdleMeasResultListEUTRA-r15,



...


}

















OPTIONAL,

}
IdleMeasResultListEUTRA-r15 ::=
SEQUENCE (SIZE (1..maxCellReportIdle)) OF IdleMeasResultEUTRA-r15 

IdleMeasResultEUTRA-r15 ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId-r15




CellGlobalIdEUTRA,



trackingAreaCode-r15



TrackingAreaCode,



plmn-IdentityList-r15



PLMN-IdentityList2 


OPTIONAL



freqBandIndicator-r15



FreqBandIndicator-r11

OPTIONAL,


multiBandInfoList-r15



MultiBandInfoList-r11

OPTIONAL,



freqBandIndicatorPriority-r15

ENUMERATED {true}


OPTIONAL


}


 











OPTIONAL,


measResult-r15





SEQUENCE {



rsrpResult-r15





RSRP-Range,



rsrqResult-r15





RSRQ-Range-r13,


rs-sinr-Result-r15




RS-SINR-Range-r13
OPTIONAL


},

...
}
MeasResultListEUTRA ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultEUTRA 

MeasResultEUTRA ::=
SEQUENCE {


physCellId






PhysCellId,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdEUTRA,



trackingAreaCode




TrackingAreaCode,



plmn-IdentityList




PLMN-IdentityList2 



OPTIONAL


}


 











OPTIONAL,


measResult






SEQUENCE {



rsrpResult






RSRP-Range





OPTIONAL,



rsrqResult






RSRQ-Range





OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9

OPTIONAL



]],



[[
primaryPLMN-Suitable-r12


ENUMERATED {true}


OPTIONAL,




measResult-v1250




RSRQ-Range-v1250


OPTIONAL



]],



[[
rs-sinr-Result-r13




RS-SINR-Range-r13


OPTIONAL,




cgi-Info-v1310





SEQUENCE {









freqBandIndicator-r13



FreqBandIndicator-r11

OPTIONAL,




multiBandInfoList-r13



MultiBandInfoList-r11

OPTIONAL,





freqBandIndicatorPriority-r13

ENUMERATED {true}


OPTIONAL




}















OPTIONAL


]],



[[




measResult-v1360




RSRP-Range-v1360




OPTIONAL



]]


}

}

MeasResultServFreqList-r10 ::=
SEQUENCE (SIZE (1..maxServCell-r10)) OF MeasResultServFreq-r10
MeasResultServFreqListExt-r13 ::=
SEQUENCE (SIZE (1..maxServCell-r13)) OF MeasResultServFreq-r13

MeasResultServFreq-r10 ::=


SEQUENCE {


servFreqId-r10





ServCellIndex-r10,


measResultSCell-r10




SEQUENCE {



rsrpResultSCell-r10




RSRP-Range,



rsrqResultSCell-r10




RSRQ-Range


}














OPTIONAL,


measResultBestNeighCell-r10


SEQUENCE {



physCellId-r10





PhysCellId,



rsrpResultNCell-r10




RSRP-Range,



rsrqResultNCell-r10




RSRQ-Range


}














OPTIONAL,


...,


[[
measResultSCell-v1250



RSRQ-Range-v1250
OPTIONAL,



measResultBestNeighCell-v1250

RSRQ-Range-v1250
OPTIONAL


]],


[[
measResultSCell-v1310



SEQUENCE {




rs-sinr-Result-r13




RS-SINR-Range-r13



}

OPTIONAL,



measResultBestNeighCell-v1310

SEQUENCE {




rs-sinr-Result-r13




RS-SINR-Range-r13



}

OPTIONAL


]]

}

MeasResultServFreq-r13 ::=


SEQUENCE {


servFreqId-r13





ServCellIndex-r13,


measResultSCell-r13




SEQUENCE {



rsrpResultSCell-r13




RSRP-Range,



rsrqResultSCell-r13




RSRQ-Range-r13,



rs-sinr-Result-r13




RS-SINR-Range-r13
OPTIONAL


}














OPTIONAL,


measResultBestNeighCell-r13


SEQUENCE {



physCellId-r13





PhysCellId,



rsrpResultNCell-r13




RSRP-Range,



rsrqResultNCell-r13




RSRQ-Range-r13,



rs-sinr-Result-r13




RS-SINR-Range-r13
OPTIONAL


}














OPTIONAL,


...,


[[
measResultBestNeighCell-v1360

SEQUENCE {




rsrpResultNCell-v1360



RSRP-Range-v1360



}













OPTIONAL


]]

}

MeasResultCSI-RS-List-r12 ::=
SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultCSI-RS-r12
MeasResultCSI-RS-r12 ::=

SEQUENCE {


measCSI-RS-Id-r12



MeasCSI-RS-Id-r12,

csi-RSRP-Result-r12



CSI-RSRP-Range-r12,


...
}
MeasResultListUTRA ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultUTRA 

MeasResultUTRA ::=
SEQUENCE {


physCellId






CHOICE {



fdd








PhysCellIdUTRA-FDD,



tdd








PhysCellIdUTRA-TDD


},


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdUTRA,



locationAreaCode




BIT STRING (SIZE (16))


OPTIONAL,



routingAreaCode





BIT STRING (SIZE (8))


OPTIONAL,



plmn-IdentityList




PLMN-IdentityList2 



OPTIONAL


}


 











OPTIONAL,


measResult






SEQUENCE {



utra-RSCP






INTEGER (-5..91)



OPTIONAL,



utra-EcN0






INTEGER (0..49)




OPTIONAL,



...,



[[
additionalSI-Info-r9



AdditionalSI-Info-r9



OPTIONAL



]],



[[
primaryPLMN-Suitable-r12


ENUMERATED {true}


OPTIONAL



]]


}

}

MeasResultListGERAN ::=



SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultGERAN 

MeasResultGERAN ::=
SEQUENCE {


carrierFreq






CarrierFreqGERAN,


physCellId






PhysCellIdGERAN,


cgi-Info






SEQUENCE {



cellGlobalId





CellGlobalIdGERAN,



routingAreaCode





BIT STRING (SIZE (8))


OPTIONAL


}


 














OPTIONAL,


measResult






SEQUENCE {



rssi







INTEGER (0..63),



...


}

}

MeasResultsCDMA2000 ::=



SEQUENCE {


preRegistrationStatusHRPD


BOOLEAN,


measResultListCDMA2000



MeasResultListCDMA2000

}

MeasResultListCDMA2000 ::=


SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultCDMA2000

MeasResultCDMA2000 ::=
SEQUENCE {


physCellId






PhysCellIdCDMA2000,


cgi-Info






CellGlobalIdCDMA2000

 

OPTIONAL,


measResult






SEQUENCE {



pilotPnPhase





INTEGER
(0..32767)



OPTIONAL,



pilotStrength





INTEGER (0..63),



...


}

}

MeasResultListWLAN-r13 ::=

SEQUENCE (SIZE (1..maxCellReport)) OF MeasResultWLAN-r13

MeasResultListWLAN-r14 ::=

SEQUENCE (SIZE (1..maxWLAN-Id-Report-r14)) OF MeasResultWLAN-r13

MeasResultWLAN-r13 ::=
SEQUENCE {


wlan-Identifiers-r13




WLAN-Identifiers-r12,


carrierInfoWLAN-r13





WLAN-CarrierInfo-r13
OPTIONAL,


bandWLAN-r13






WLAN-BandIndicator-r13
OPTIONAL,


rssiWLAN-r13






WLAN-RSSI-Range-r13,


availableAdmissionCapacityWLAN-r13

INTEGER (0..31250)

OPTIONAL,


backhaulDL-BandwidthWLAN-r13


WLAN-backhaulRate-r12
OPTIONAL,


backhaulUL-BandwidthWLAN-r13


WLAN-backhaulRate-r12
OPTIONAL,


channelUtilizationWLAN-r13



INTEGER (0..255)

OPTIONAL,


stationCountWLAN-r13




INTEGER (0..65535)

OPTIONAL,


connectedWLAN-r13





ENUMERATED {true}

OPTIONAL,


...

}

MeasResultListCBR-r14 ::=


SEQUENCE (SIZE (1..maxCBR-Report-r14)) OF MeasResultCBR-r14

MeasResultCBR-r14 ::=
SEQUENCE {

poolIdentity-r14

SL-V2X-TxPoolReportIdentity-r14,


cbr-PSSCH-r14


SL-CBR-r14,


cbr-PSCCH-r14


SL-CBR-r14



OPTIONAL

}

MeasResultForECID-r9 ::=

SEQUENCE {


ue-RxTxTimeDiffResult-r9



INTEGER (0..4095),


currentSFN-r9






BIT STRING (SIZE (10))

}

PLMN-IdentityList2 ::=



SEQUENCE (SIZE (1..5)) OF PLMN-Identity

AdditionalSI-Info-r9 ::=


SEQUENCE {


csg-MemberStatus-r9



ENUMERATED {member}



OPTIONAL,


csg-Identity-r9





CSG-Identity





OPTIONAL

}

MeasResultForRSSI-r13 ::=


SEQUENCE {


rssi-Result-r13






RSSI-Range-r13, 


channelOccupancy-r13




INTEGER (0..100),


...

}

UL-PDCP-DelayResultList-r13 ::=

SEQUENCE (SIZE (1..maxQCI-r13)) OF UL-PDCP-DelayResult-r13

UL-PDCP-DelayResult-r13 ::=


SEQUENCE {


qci-Id-r13






ENUMERATED {qci1, qci2, qci3, qci4, spare4, spare3, spare2, spare1},


excessDelay-r13





INTEGER (0..31),


...

}

-- ASN1STOP


ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1320-IEs





OPTIONAL

}

RRCConnectionSetupComplete-v1320-IEs ::= SEQUENCE {


ce-ModeB-r13





ENUMERATED {supported}





OPTIONAL,


s-TMSI-r13






S-TMSI









OPTIONAL,


attachWithoutPDN-Connectivity-r13
ENUMERATED {true}






OPTIONAL,


up-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


cp-CIoT-EPS-Optimisation-r13

ENUMERATED {true} 






OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1330-IEs

OPTIONAL
}

RRCConnectionSetupComplete-v1330-IEs ::= SEQUENCE {


ue-CE-NeedULGaps-r13




ENUMERATED {true}



OPTIONAL,


nonCriticalExtension



RRCConnectionSetupComplete-v1430-IEs

OPTIONAL

}

RRCConnectionSetupComplete-v1430-IEs ::= SEQUENCE {


dcn-ID-r14






INTEGER (0..65535)



OPTIONAL,


nonCriticalExtension



SEQUENCE {}





OPTIONAL

}

RegisteredMME ::=




SEQUENCE {


plmn-Identity





PLMN-Identity





OPTIONAL,


mmegi







BIT STRING (SIZE (16)),


mmec







MMEC

}

-- ASN1STOP

SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


InterFreqCarrierFreqList,


...,


lateNonCriticalExtension



OCTET STRING
(CONTAINING SystemInformationBlockType5-v8h0-IEs)



OPTIONAL,


[[
interFreqCarrierFreqList-v1250
InterFreqCarrierFreqList-v1250

OPTIONAL,
-- Need OR



interFreqCarrierFreqListExt-r12
InterFreqCarrierFreqListExt-r12 
OPTIONAL
-- Need OR


]],


[[
interFreqCarrierFreqListExt-v1280
InterFreqCarrierFreqListExt-v1280 
OPTIONAL
-- Need OR


]],


[[
interFreqCarrierFreqList-v1310

InterFreqCarrierFreqList-v1310

OPTIONAL,
-- Need OR



interFreqCarrierFreqListExt-v1310
InterFreqCarrierFreqListExt-v1310
OPTIONAL
-- Need OR


]],


[[
interFreqCarrierFreqList-v1350

InterFreqCarrierFreqList-v1350
OPTIONAL,
-- Need OR


interFreqCarrierFreqListExt-v1350
InterFreqCarrierFreqListExt-v1350
OPTIONAL
-- Need OR


]],


[[
interFreqCarrierFreqListExt-v1360
InterFreqCarrierFreqListExt-v1360
OPTIONAL
-- Need OR


]],


[[
scptm-FreqOffset-r14



INTEGER (1..8)




OPTIONAL
-- Need OP 


]],


[[
idleMeasurementCarrierFreqList-r15
InterFreqCarrierFreqList-v15xy
OPTIONAL,
-- Need OR

]]
}

SystemInformationBlockType5-v8h0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v8h0 SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v8h0



 OPTIONAL,
-- Need OP


nonCriticalExtension


SystemInformationBlockType5-v9e0-IEs






OPTIONAL

}

SystemInformationBlockType5-v9e0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v9e0
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v9e0



OPTIONAL,
-- Need OR


nonCriticalExtension


SystemInformationBlockType5-v10j0-IEs
OPTIONAL

}

SystemInformationBlockType5-v10j0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v10j0
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v10j0



OPTIONAL,
-- Need OR


nonCriticalExtension


SystemInformationBlockType5-v10l0-IEs





OPTIONAL

}

SystemInformationBlockType5-v10l0-IEs ::=
SEQUENCE {


interFreqCarrierFreqList-v10l0
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v10l0



OPTIONAL,
-- Need OR


nonCriticalExtension


SEQUENCE {}





OPTIONAL

}

InterFreqCarrierFreqList ::=

SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo

InterFreqCarrierFreqList-v1250 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v1250
InterFreqCarrierFreqList-v1310 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v1310
InterFreqCarrierFreqList-v1350 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v1350
InterFreqCarrierFreqList-v15xy ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v15xy
InterFreqCarrierFreqListExt-r12 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-r12

InterFreqCarrierFreqListExt-v1280 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v10j0

InterFreqCarrierFreqListExt-v1310 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v1310

InterFreqCarrierFreqListExt-v1350 ::=
SEQUENCE (SIZE (1.. maxFreq)) OF InterFreqCarrierFreqInfo-v1350

InterFreqCarrierFreqListExt-v1360 ::=
SEQUENCE (SIZE (1..maxFreq)) OF InterFreqCarrierFreqInfo-v1360

InterFreqCarrierFreqInfo ::=
SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA,


q-RxLevMin






Q-RxLevMin,


p-Max







P-Max






OPTIONAL,

-- Need OP


t-ReselectionEUTRA




T-Reselection,


t-ReselectionEUTRA-SF



SpeedStateScaleFactors


OPTIONAL,

-- Need OP


threshX-High





ReselectionThreshold,


threshX-Low






ReselectionThreshold,


allowedMeasBandwidth



AllowedMeasBandwidth,


presenceAntennaPort1



PresenceAntennaPort1,


cellReselectionPriority



CellReselectionPriority


OPTIONAL,

-- Need OP


neighCellConfig





NeighCellConfig,


q-OffsetFreq





Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList



InterFreqNeighCellList


OPTIONAL, 

-- Need OR


interFreqBlackCellList



InterFreqBlackCellList


OPTIONAL, 

-- Need OR


...,


[[
q-QualMin-r9




Q-QualMin-r9




OPTIONAL,

-- Need OP



threshX-Q-r9




SEQUENCE {




threshX-HighQ-r9



ReselectionThresholdQ-r9,




threshX-LowQ-r9




ReselectionThresholdQ-r9



}















OPTIONAL

-- Cond RSRQ


]],


[[
q-QualMinWB-r11




Q-QualMin-r9




OPTIONAL
-- Cond WB-RSRQ


]]

}

InterFreqCarrierFreqInfo-v8h0 ::=

SEQUENCE {


multiBandInfoList




MultiBandInfoList



OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v9e0 ::=
SEQUENCE {


dl-CarrierFreq-v9e0




ARFCN-ValueEUTRA-v9e0
OPTIONAL,
-- Cond dl-FreqMax


multiBandInfoList-v9e0



MultiBandInfoList-v9e0
OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v10j0 ::=
SEQUENCE {


freqBandInfo-r10




NS-PmaxList-r10



OPTIONAL,
-- Need OR


multiBandInfoList-v10j0



MultiBandInfoList-v10j0

OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v10l0 ::=
SEQUENCE {


freqBandInfo-v10l0




NS-PmaxList-v10l0


OPTIONAL,
-- Need OR


multiBandInfoList-v10l0



MultiBandInfoList-v10l0

OPTIONAL
-- Need OR

}

InterFreqCarrierFreqInfo-v1250 ::=

SEQUENCE {


reducedMeasPerformance-r12

ENUMERATED {true}

OPTIONAL,

-- Need OP


q-QualMinRSRQ-OnAllSymbols-r12
Q-QualMin-r9




OPTIONAL
-- Cond RSRQ2

}

InterFreqCarrierFreqInfo-r12 ::=

SEQUENCE {

dl-CarrierFreq-r12




ARFCN-ValueEUTRA-r9,


q-RxLevMin-r12





Q-RxLevMin,


p-Max-r12






P-Max






OPTIONAL,

-- Need OP


t-ReselectionEUTRA-r12



T-Reselection,


t-ReselectionEUTRA-SF-r12


SpeedStateScaleFactors


OPTIONAL,

-- Need OP


threshX-High-r12




ReselectionThreshold,


threshX-Low-r12





ReselectionThreshold,


allowedMeasBandwidth-r12


AllowedMeasBandwidth,


presenceAntennaPort1-r12


PresenceAntennaPort1,


cellReselectionPriority-r12


CellReselectionPriority


OPTIONAL,

-- Need OP


neighCellConfig-r12




NeighCellConfig,


q-OffsetFreq-r12




Q-OffsetRange




DEFAULT dB0,


interFreqNeighCellList-r12


InterFreqNeighCellList


OPTIONAL, 

-- Need OR


interFreqBlackCellList-r12


InterFreqBlackCellList


OPTIONAL, 

-- Need OR


q-QualMin-r12





Q-QualMin-r9




OPTIONAL,

-- Need OP


threshX-Q-r12





SEQUENCE {



threshX-HighQ-r12




ReselectionThresholdQ-r9,



threshX-LowQ-r12




ReselectionThresholdQ-r9


}
















OPTIONAL,
-- Cond RSRQ


q-QualMinWB-r12





Q-QualMin-r9




OPTIONAL,
-- Cond WB-RSRQ


multiBandInfoList-r12



MultiBandInfoList-r11


OPTIONAL,
-- Need OR


reducedMeasPerformance-r12


ENUMERATED {true}



OPTIONAL,
-- Need OP


q-QualMinRSRQ-OnAllSymbols-r12

Q-QualMin-r9




OPTIONAL,
-- Cond RSRQ2

...

}
InterFreqCarrierFreqInfo-v1310
::=
SEQUENCE {


cellReselectionSubPriority-r13

CellReselectionSubPriority-r13

OPTIONAL,

-- Need OP


redistributionInterFreqInfo-r13

RedistributionInterFreqInfo-r13

OPTIONAL, --Need OP

cellSelectionInfoCE-r13



CellSelectionInfoCE-r13


OPTIONAL,
-- Need OP


t-ReselectionEUTRA-CE-r13


T-ReselectionEUTRA-CE-r13

OPTIONAL
-- Need OP
}
InterFreqCarrierFreqInfo-v1350
::= SEQUENCE {


cellSelectionInfoCE1-r13


CellSelectionInfoCE1-r13


OPTIONAL
-- Need OP

}
InterFreqCarrierFreqInfo-v1360
::= SEQUENCE {


cellSelectionInfoCE1-v1360

CellSelectionInfoCE1-v1360
OPTIONAL
-- Cond QrxlevminCE1

}

InterFreqCarrierFreqInfo-r15 ::=

SEQUENCE {

physCellId






PhysCellId






OPTIONAL,


dl-CarrierFreq-r12




ARFCN-ValueEUTRA-r9,


measurementcycle-r15



MeasCycleSCell-r10,


reportedMeasurements-r15


ENUMERATED {rsrp, rsrq, rs-sinr, all},

...

}
InterFreqNeighCellList ::=


SEQUENCE (SIZE (1..maxCellInter)) OF InterFreqNeighCellInfo

InterFreqNeighCellInfo ::=


SEQUENCE {


physCellId






PhysCellId,


q-OffsetCell





Q-OffsetRange

}

InterFreqBlackCellList ::=


SEQUENCE (SIZE (1..maxCellBlack)) OF PhysCellIdRange

RedistributionInterFreqInfo-r13 ::=

SEQUENCE {


redistributionFactorFreq-r13


RedistributionFactor-r13
OPTIONAL,
--Need OP


redistributionNeighCellList-r13


RedistributionNeighCellList-r13

OPTIONAL
--Need OP

}

RedistributionNeighCellList-r13 ::=

SEQUENCE (SIZE (1..maxCellInter)) OF RedistributionNeighCell-r13
RedistributionNeighCell-r13 ::=

SEQUENCE {


physCellId-r13








PhysCellId,


redistributionFactorCell-r13




RedistributionFactor-r13

}
RedistributionFactor-r13 ::=
INTEGER(1..10)

-- ASN1STOP

_1566221508.vsd
UE


eNB
PCC


eNB
SCC


 RRCConnectionReconfiguration:
Add SCell (SCC)


Data Transmission


At end of data transfer, UE is sent to IDLE


UE measures the SCell (or corresponding carrier)


RRC Connection Release (include indication to keep measuring SCell)


Poll new DL data/new UL data arrives


RRCConnectionRequest


UEInformationRequest: SCell measurements


UEInformationResponse: SCell measurements


RRCConnectionSetup


RRCConnectionSetupComplete



