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1
Introduction
After 1 year of SI for Higher Layer Enhancements for Small Cells [1], RAN#62 approved a WI for the topic of Dual Connectivity [2]. The objectives of the WI are:
The work item aims at specifying Dual Connectivity operation, where a given multiple Rx/Tx UE in RRC_CONNECTED is configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. Taking the conclusions of the Study Item (36.842) as starting point, the work item should fulfil the following objectives:
-
Introduce functions and procedures to realise C-plane and U-plane protocol and architectures supporting alternatives 1A and 3C.

-
Signalling and protocol support for dual connectivity will first focus on reconfigurations involving either 1A or 3C, and reconfigurations involving both 1A and 3C will only be later considered if requiring minimal additions.

-
Introduce functions and procedures on the S1and X2 interfaces.
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
-
Specify corresponding UE and eNB core requirements.
In this paper, we consider the RRM measurement aspects for to Dual Connectivity.
2
RRM Measurements for Dual Connectivity 
The RRM measurements for dual connectivity are fairly straightforward: Since dual connectivity builds on top of the carrier aggregation functionality, at least some measurement-related aspects remain the same as before. The following aspects need to be considered:
1. Measurement procedures: Does dual connectivity cause any changes to actual UE measurement procedures?

2. Measurement events: Does the introduction of dual connectivity require changes to existing events or new measurement events to be defined?
3. Measurement reporting: Do the measurement reporting procedures stay the same, considering the chosen C-plane architecture?
4. Effects of DRX: Since the DRX configuration has been assumed to be separated for MeNB and SeNB, how are the measurements affected? (NOTE: This presumably has more impact to RAN4 than RAN2.)

In the following sections, we further consider the questions 1 and 2 in more details.

Concerning the questions 3 and 4, since it has been agreed that the UE measurement reporting is always done towards the MeNB, it seems probable that there is no need to change the UE measurement reporting procedures. Concerning the question 4, we note that from RAN2 viewpoint, the separation of DRX does not have impact to measurement procedures as the existing DRX configuration is almost invisible in the measurement procedures as well: As per RRC specification [1] (section 5.5.4.1, Note 3), the UE is allowed to delay measurement reporting until the Active Time, but otherwise the DRX is not considered in the measurement procedural part of RRC specification. However, as noted in [8], there could be some impacts to UE measurement requirements due to having separate DRX configurations for MeNB and SeNB.
2.1
RRM Measurement Procedures for Dual Connectivity 
The RRM measurement procedures are mainly defined in RAN1 [4] and RAN4 specifications [5]. The RRC specification mainly details how the UE is expected to report results of the measurements and how the configuration of the measurements is done.

We note that considering mobility, the following aspects should be considered:

· RLM for SeNB: It’s FFS how UE measures cells after S-RLF. (This aspect is considered further in [6])
· Activation/deactivation: The deactivated cells are measured differently from activated cells. (The activation/deactivation aspects of dual connectivity are considered further in [7])

· DRX configuration: According to [4], the used DRX affects the measurement performance requirements. However, this likely does not impact the RAN2 specifications, as noted above. (See [8] for further discussion on DRX aspects of dual connectivity – depending on how the DRX ends up being specified, the UE measurement requirements during DRX in dual connectivity might be different than in single connectivity.)
2.2
Measurement Events for Dual Connectivity 

Currently, LTE defines 8 different measurements events for UE measurements. Six of these are for intra-LTE use, i.e. for intra- or inter-frequency measurements:

· Event A1 (Serving becomes better than threshold)

· Event A2 (Serving becomes worse than threshold)

· Event A3 (Neighbour becomes offset better than PCell)

· Event A4 (Neighbour becomes better than threshold)

· Event A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2)

· Event A6 (Neighbour becomes offset better than SCell)

The remaining two events are only for Inter-RAT measurements:

· Event B1 (Inter RAT neighbour becomes better than threshold)

· Event B2 (PCell becomes worse than threshold1 and inter RAT neighbour becomes better than threshold2) 

The introduction of carrier aggregation caused the events to consider the difference between PCell and a serving cell: for example, events A1 and A2 can be configured for any serving cell, whereas events A3, A5 and B2 explicitly refer to the PCell and event A6 explicitly refers to an SCell. Since dual connectivity can be seen as a generalization of carrier aggregation, the current measurement events seem sufficient for all mobility scenarios.

However, the need for a “special cell”, also called Primary SCell (PSCell) in [5], requires some modifications. We observe the following:
I. Since the PSCell would act as a PCell-like entity for SeNB, inter-frequency comparisons could also be done for PSCell. Thus, events A3 and A5 could also be configured for PSCell instead of PCell only, which would require changes to these events or defining new events that can only be configured for PSCell.
II. SCells are not considered to be neighbor cells for event A4, but may be neighbor cells for events A3 and A5. Since PSCell is still SCell, it should not be considered neighbor cell for A4.
III. Each event is configured per measurement object, and each measurement object may have at most one serving cell (PCell or SCell) associated to it. This principle is unchanged also in dual connectivity.

IV. Event A6 can be configured only within a measurement object, i.e. only for the SCell carrier. Since PSCell would still be SCell, it should be configurable also for PSCell (measurement object). Hence, the event A6 does not need to be modified
V. There is no need to touch the inter-RAT measurement events

Taking the above observations into account, we see some modifications might be required for events A3 and A5 due to dual connectivity.

Observation 1: Some modifications may be required to events A3 and A5 if inter-frequency PSCell comparisons are to be supported.

Proposal 1: RAN2 to discuss whether A3 and A5 need to be modified.

We note that there are some obvious alternative ways to modify the measurement events for dual connectivity:

1. Define new events for PSCell, e.g. event A7 as “Neighbour becomes offset better than PSCell” and A8 as “PSCell becomes worse than threshold1 and neighbour becomes better than threshold2”, i.e. duplicate the events A3/A5 to take the new PSCell into account.

2. Consider PSCell as PCell for the purpose of A3 and A5 triggering. For each A3/A5 reporting configuration, the reporting configuration would indicate whether it is applicable for PSCell or PCell. This could be done by modifying the definition of events A3 and A5.
We think the option 2 seems the most straightforward: Defining new events like in proposal 1 seems unnecessary and would almost just duplicate existing events, making the maintenance of the specifications more difficult. Modifying existing events seems more reasonable. 

Proposal 2: No new measurement event definitions are defined for dual connectivity. 

However, how to exactly define this can be better discussed when the final ASN.1 details are being finalized.
Proposal 3: Modify events A3 and A5 so that it is possible to configure them also for PSCell.
An example TP for how to accomplish this is shown in Annex A.

Finally, we would note that all serving cells are currently reported in UE measurement results. This should also apply for SeNB cells, i.e. all SeNB cells are reported (as SCells) when UE sends a measurement report. 
Observation 2: When dual connectivity is configured, the UE shall still report all Scells (including the PSCell) in the SCell measurement results.
2.3
Maximum number of configured measurement identities for Dual Connectivity 

Currently, LTE allows for 32 measurement identities to be configured for RRM measurements [3]:

	–
MeasIdToAddModList
The IE MeasIdToAddModList concerns a list of measurement identities to add or modify, with for each entry the measId, the associated measObjectId and the associated reportConfigId.

MeasIdToAddModList information element
-- ASN1START

MeasIdToAddModList ::=



SEQUENCE (SIZE (1..maxMeasId)) OF MeasIdToAddMod

MeasIdToAddMod ::=
SEQUENCE {


measId







MeasId,


measObjectId





MeasObjectId,


reportConfigId





ReportConfigId

}

-- ASN1STOP




The value of maxMeasId is defined as 32 ([3], section 6.4):

	maxMeasId




INTEGER ::= 32


Considering that CA could be allowed for both MeNB and SeNB, it is clear that the number of measurement identities might need to be larger: For example, both MeNB and SeNB could require tracking of whether primary/secondary cells should be changed.  Therefore, we think it would be good to consider increasing the amount of measurement identities allowed to be configured for a UE. Also in light of the WI in RAN4 concerning increasing the amount of carriers UE is required to monitor [9], it would be good to consider if there is need to enable more simultaneous measurement identities for a Rel-12 UE. This could also benefit e.g. a dense deployment of carrier aggregation scenario 4.
Observation 3: Dual Connectivity may require more configured measurement identities as carrier aggregation.

Proposal 4: Due to introduction of dual connectivity, RAN2 should increase the maximum amount of configurable measurement identities for Rel-12 UEs
4
Conclusion
Observation 1: Some modifications may be required to events A3 and A5 if inter-frequency PSCell comparisons are to be supported.

Observation 2: When dual connectivity is configured, the UE shall still report all Scells (including the PSCell) in the SCell measurement results.
Observation 3: Dual Connectivity may require more configured measurement identities as carrier aggregation.

Proposal 1: RAN2 to discuss whether A3 and A5 need to be modified.

Proposal 2: No new measurement event definitions are defined for dual connectivity. 

Proposal 3: Modify events A3 and A5 so that it is possible to configure them also for PSCell.

Proposal 4: Due to introduction of dual connectivity, RAN2 should increase the maximum amount of configurable measurement identities for Rel-12 UEs
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Annex A: Example TP for modifying event A3/A5 to use PSCell
Next Modified Subclause
5.5.4.4
Event A3 (Neighbour becomes offset better than PCell)

The UE shall:

1>
consider the entering condition for this event to be satisfied when condition A3-1, as specified below, is fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition A3-2, as specified below, is fulfilled;
1> if usePSCell is defined for this reporting configuration;

2> use PSCell measurements for the Mp;
1> else
2> use PCell measurements for the Mp;
NOTE
The cell(s) that triggers the event is on the frequency indicated in the associated measObject which may be different from the frequency used by the PCell/PSCell.
Inequality A3-1 (Entering condition)
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Inequality A3-2 (Leaving condition)
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The variables in the formula are defined as follows:

Mn is the measurement result of the neighbouring cell, not taking into account any offsets. 

Ofn is the frequency specific offset of the frequency of the neighbour cell (i.e. offsetFreq as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell).

Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Mp is the measurement result of the PCell/PSCell, not taking into account any offsets.

Ofp is the frequency specific offset of the PCell/PSCell frequency (i.e. offsetFreq as defined within measObjectEUTRA corresponding to the primary frequency).

Ocp is the cell specific offset of the PCell/PSCell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the PCell/PSCell frequency), and is set to zero if not configured for the PCell.

Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigEUTRA for this event).

Off is the offset parameter for this event (i.e. a3-Offset as defined within reportConfigEUTRA for this event).

Mn, Mp are expressed in dBm in case of RSRP, or in dB in case of RSRQ.

Ofn, Ocn, Ofp, Ocp, Hys, Off are expressed in dB.
Next Modified Subclause

5.5.4.6
Event A5 (PCell becomes worse than threshold1 and neighbour becomes better than threshold2)

The UE shall:

1>
consider the entering condition for this event to be satisfied when both condition A5-1 and condition A5-2, as specified below, are fulfilled;

1>
consider the leaving condition for this event to be satisfied when condition A5-3 or condition A5-4, i.e. at least one of the two, as specified below, is fulfilled;
1> if usePSCell is defined for this reporting configuration;

2> use PSCell measurements for the Mp;
2> else
2> use PCell measurements for the Mp;
NOTE:
The cell(s) that triggers the event is on the frequency indicated in the associated measObject which may be different from the  frequency used by the PCell/PSCell.
Inequality A5-1 (Entering condition 1)
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Inequality A5-2 (Entering condition 2)


[image: image4.wmf]2

Thresh

Hys

Ocn

Ofn

Mn

>

-

+

+


Inequality A5-3 (Leaving condition 1)
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Inequality A5-4 (Leaving condition 2)
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The variables in the formula are defined as follows:

Mp is the measurement result of the PCell/PSCell, not taking into account any offsets.

Mn is the measurement result of the neighbouring cell, not taking into account any offsets.

Ofn is the frequency specific offset of the frequency of the neighbour cell (i.e. offsetFreq as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell).
Ocn is the cell specific offset of the neighbour cell (i.e. cellIndividualOffset as defined within measObjectEUTRA corresponding to the frequency of the neighbour cell), and set to zero if not configured for the neighbour cell.
Hys is the hysteresis parameter for this event (i.e. hysteresis as defined within reportConfigEUTRA for this event).

Thresh1 is the threshold parameter for this event (i.e. a5-Threshold1 as defined within reportConfigEUTRA for this event).

Thresh2 is the threshold parameter for this event (i.e. a5-Threshold2 as defined within reportConfigEUTRA for this event).

Mn, Mp are expressed in dBm in case of RSRP, or in dB in case of RSRQ.

Ofn, Ocn, Hys are expressed in dB.

Thresh1 is expressed in the same unit as Mp.
Thresh2 is expressed in the same unit as Mn.

Next Modified Subclause
–
ReportConfigEUTRA
The IE ReportConfigEUTRA specifies criteria for triggering of an E‑UTRA measurement reporting event. The E‑UTRA measurement reporting events are labelled AN with N equal to 1, 2 and so on.

Event A1:
Serving becomes better than absolute threshold;

Event A2:
Serving becomes worse than absolute threshold;

Event A3:
Neighbour becomes amount of offset better than PCell/PSCell;

Event A4:
Neighbour becomes better than absolute threshold;

Event A5:
PCell/PSCell becomes worse than absolute threshold1 AND Neighbour becomes better than another absolute threshold2.

Event A6:
Neighbour becomes amount of offset better than SCell.

ReportConfigEUTRA information element
-- ASN1START

ReportConfigEUTRA ::=



SEQUENCE {


triggerType






CHOICE {



event







SEQUENCE {




eventId







CHOICE {





eventA1







SEQUENCE {






a1-Threshold





ThresholdEUTRA





},





eventA2







SEQUENCE {






a2-Threshold





ThresholdEUTRA





},





eventA3







SEQUENCE {






a3-Offset






INTEGER (-30..30),






reportOnLeave





BOOLEAN





},





eventA4







SEQUENCE {






a4-Threshold





ThresholdEUTRA





},





eventA5







SEQUENCE {






a5-Threshold1





ThresholdEUTRA,






a5-Threshold2





ThresholdEUTRA





},





...,





eventA6-r10






SEQUENCE {






a6-Offset-r10





INTEGER (-30..30),






a6-ReportOnLeave-r10



BOOLEAN





}




},




hysteresis






Hysteresis,




timeToTrigger





TimeToTrigger



},



periodical







SEQUENCE {




purpose








ENUMERATED {















reportStrongestCells, reportCGI}



}


},


triggerQuantity





ENUMERATED {rsrp, rsrq},


reportQuantity





ENUMERATED {sameAsTriggerQuantity, both},


maxReportCells





INTEGER (1..maxCellReport),


reportInterval





ReportInterval,


reportAmount





ENUMERATED {r1, r2, r4, r8, r16, r32, r64, infinity},


...,


[[
si-RequestForHO-r9




ENUMERATED {setup}

OPTIONAL,
-- Cond reportCGI



ue-RxTxTimeDiffPeriodical-r9

ENUMERATED {setup}

OPTIONAL
-- Need OR

]],

[[
includeLocationInfo-r10

 

ENUMERATED {true}

OPTIONAL,
-- Need OR



reportAddNeighMeas-r10



ENUMERATED {setup}

OPTIONAL
-- Need OR

]] ,


[[
usePSCell






ENUMERATED {true}

OPTIONAL
-- Cond A3A5


]]
}

ThresholdEUTRA ::=




CHOICE{


threshold-RSRP





RSRP-Range,


threshold-RSRQ





RSRQ-Range

}

-- ASN1STOP

	ReportConfigEUTRA field descriptions

	a3-Offset/ a6-Offset

Offset value to be used in EUTRA measurement report triggering condition for event a3/ a6. The actual value is IE value * 0.5 dB.

	aN-ThresholdM

Threshold to be used in EUTRA measurement report triggering condition for event number aN. If multiple thresholds are defined for event number aN, the thresholds are differentiated by M.

	eventId

Choice of E‑UTRA event triggered reporting criteria.

	maxReportCells

Max number of cells, excluding the serving cell, to include in the measurement report.

	reportAmount

Number of measurement reports applicable for triggerType event as well as for triggerType periodical. In case purpose is set to reportCGI only value 1 applies.

	reportOnLeave/ a6-ReportOnLeave

Indicates whether or not the UE shall initiate the measurement reporting procedure when the leaving condition is met for a cell in cellsTriggeredList, as specified in 5.5.4.1.

	reportQuantity 
The quantities to be included in the measurement report. The value both means that both the rsrp and rsrq quantities are to be included in the measurement report.

	si-RequestForHO

The field applies to the reportCGI functionality, and when the field is included, the UE is allowed to use autonomous gaps in acquiring system information from the neighbour cell, applies a different value for T321, and includes different fields in the measurement report.

	ThresholdEUTRA

For RSRP: RSRP based threshold for event evaluation. The actual value is IE value – 140 dBm.

For RSRQ: RSRQ based threshold for event evaluation. The actual value is (IE value – 40)/2 dB.

EUTRAN configures the same threshold quantity for all the thresholds of an event.

	timeToTrigger

Time during which specific criteria for the event needs to be met in order to trigger a measurement report.

	triggerQuantity 
The quantity used to evaluate the triggering condition for the event. EUTRAN sets the value according to the quantity of the ThresholdEUTRA for this event. The values rsrp and rsrq correspond to Reference Signal Received Power (RSRP) and Reference Signal Received Quality (RSRQ), see TS 36.214 [48].

	ue-RxTxTimeDiffPeriodical
If this field is present, the UE shall perform UE Rx-Tx time difference measurement reporting and ignore the fields triggerQuantity, reportQuantity and maxReportCells. If the field is present, the only applicable values for the corresponding triggerType and purpose are periodical and reportStrongestCells respectively.

	usePSCell
If this field is present the event configuration shall utilize to PSCell instead of PCell for event triggering evaluation.


	Conditional presence
	Explanation

	A3A5
	The field is optional, need OR , in case the eventId is set to eventA3 or eventA5; otherwise the field is not present and the UE shall delete any existing value for this field.

	reportCGI
	The field is optional, need OR, in case purpose is included and set to reportCGI; otherwise the field is not present and the UE shall delete any existing value for this field.
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