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1. Introduction
In [1] there was a proposal was summarised as 
“We suggest when UE supports up to 12 layers, no relaxation is allowed in terms of supporting IF carriers and carriers per RAT. This means UE should fulfil the requirements in TS 36.133 for supporting simultaneous carriers per RAT e.g. 3 UTRA FDD, 3 E-UTRA FDD etc. 

However, when total number of layers exceeds 12, then UE is allowed to reduce maximum one layer per RAT such that at least 12 layers are supported. Furthermore this reduction should not be allowed for GSM layer, which is already 1 (32 carriers). Alternatively GSM capable UE should support at least 1 layer. Furthermore, it should be left for UE implementation to decide which layer is to be reduced. Otherwise requirements will have to be specified (layers per RAT) for all possible permutations which will make specification unnecessary complex.”
The purpose of this contribution is to further consider this proposal.
2. RAN2 specification overview

In order to use consistent terminology, especially as to the meaning of a supported layer, we will use the terminology also used in 36.331 to refer to the various aspects of measurement. Especially we explore further the possible meaning of “supporting” a layer in more exact terms, and whether this means that the UE is actually measuring a particular layer, or just that it has been configured/prepared to measure a layer. The following definitions are given in 36.331:

[image: image1]
From this description, it can be seen that the RAN2 naming of what has been referred to as a “layer” in RAN4 is referred to in RAN2 as a “measurement object”. The concept of “measurement identities” is used to link these measurement objects to reporting configurations. As is stated, it is possible to either link more than one measurement object to the same reporting configuration, or equally it is possible to it is possible to link more than one reporting configuration to a single measurement object.
When considering what the UE actually needs to be able to measure, this is specified in section 5.5.3 of 36.331 in terms of measurement identities (which are themselves linked to measurement objects).


[image: image2]
While RAN2 specifications do not appear to specifically exclude the possibility that a measurement object is configured which is not linked to any measurement identity (and would hence not need to be measured by the UE), it does not seem that there is much of a use case for this kind of configuration.
 In order to take the unlinked measurement object into use, it would be necessary for the eNodeB to updated the configured measurement identities (so that the measurement object could be linked to some reporting configurations). Since it would anyway need to send an RRCConnectionReconfiguration message eg to add an additional measurement identity, there seems to be no obvious reason for not also indicating the measurement object for the first time in this message, rather than referring to a previously unlinked measurement configuration.
From this perspective, we understand that the typical configuration will be that when a measurement object is configured, that carrier frequency is also measured, assuming that the other necessary conditions are met. In this sense, it would not be typical to have some configured measurement objects which are not being measured and others which are, at the same time.

For this reason, we believe that the main question which needs to be solved from a UE point of view is how many measurement objects can be simultaneously configured. 
3. Deployment Scenarios

In [1] some deployment scenarios are given as examples of ones considered typical by the proponents

Table 1: Examples of typical deployment scenarios (Reproduced from R4-082494)
	Scenario No
	Typical deployment scenarios
	Maximum IF/RAT layers for monitoring
	Maximum E-UTRA Intra-frequency layers
	Total Layers

	1
	E-UTRAN FDD, UTRAN FDD and GSM
	7
	1
	8

	2
	E-UTRAN TDD, UTRAN TDD and GSM
	7
	1
	8

	3
	E-UTRAN FDD, HRPD and cdma2000 1x RTT
	9
	1
	10

	4
	E-UTRAN TDD, HRPD and cdma2000 1x RTT
	9
	1
	10

	5
	E-UTRAN FDD, E-UTRAN TDD, UTRAN FDD and GSM
	10
	2
	12

	6
	E-UTRAN FDD, E-UTRAN TDD, UTRAN TDD and GSM
	10
	2
	12


In these scenarios, various assumptions have been made eg that HRPD/CDMA2000 1xRTT is not deployed in the same geographical area as UTRA/GSM, nor are UTRA FDD and UTRA TDD monitoring simultaneously required. The stated motivation is to limit UE complexity.
We would like to discuss further the geographical areas which are considered, and to explore whether further simplifications and reductions in UE complexity are feasible. From a nationwide perspective, the deployment scenarios in table 1 may be realistic, but in a smaller geographical area, it is likely that further restrictions, or at least prioritisation of certain carriers would be preferred by the operator. For example, it seems unlikely that a particular e-NodeB (eg FDD) will wish to establish neighbour relations with 7 inter-frequency e-Node B (3 E-UTRA FDD + 4 E-UTRA TDD) and in addition 3 UTRA carriers and surrounding GSM cells. 

Moreover, since the measurement performance (cell identification and measurement period) is scaled by Nfreq, it seems that most practical deployments would wish to perform some form of prioritisation of frequencies, so as to ensure an Nfreq scaling factor low enough to give sufficient UE measurement performance, even with a gap periodicity of 40ms. If a large number of carriers is given to the UE to monitor, without any form of prioritisation as to which carrier is likely to be found, then all it can typically do is share gaps equally between each measurement object to make the best effort to meet RAN4 requirements on all indicated carriers.
For these reasons, we consider that it is fairly unlikely that operators would be interested in configuring UE to monitor approximately 11 measurement objects in addition to the intra frequency measurement object. Since parallel measurement capability impacts directly to UE complexity, we would like to discuss further limitations in RAN4, keeping in mind that it is the local deployment within the neighbourhood of a single eNodeB, which needs to be considered. For example, in areas where inter RAT handover to UTRA is important (ie edge of LTE coverage), it seems unlikely that the eNodeB will also have established neighbour relations with 7 E-UTRA inter-frequency layers (FDD + TDD).
4. Proposal

The following proposal is given as a basis for further discussion. It is proposed to limit the maximum number of measurement objects which can be monitored at the same time in an active measurement gap sequence to 4, in addition to the intrafrequency measurement object (which is never measured in gaps). Different eNodeBs are able to make use of this flexibly, so that, for example those eNodeB on the edge of E-UTRA coverage can configure UEs to monitor 3 UTRA carriers + GSM in measurement gaps, whereas eNodeB which are not on the edge of coverage can configure UEs to monitor eg 3 additional E-UTRA carriers of the same type as the serving cell (FDD/TDD)  and still have capability of 1 additional measurement object which could be configured for inter RAT measurements. Alternatively, this additional capacity could be used to make measurements of the opposite  type as the serving cell (eg E-UTRA TDD measurement reporting to an E-UTRA FDD serving cell).

Should the eNodeB wish to perform handover to more than 4 measurement objects, this can still be supported via UE reconfigurations, which can be used to imply a certain priority to the measurements which it would be impossible for the UE to establish autonomously. For example, if no E-UTRA inter frequency neighbours are reported after the expected time (based on RAN4 performance requirements) then the eNodeB is able to send RRCConnectionReconfiguration to the UE to configure a new measurement configuration more targeted towards interRAT cells. 

5. Conclusions

In this contribution, we have considered the number of measurement objects which can realistically be monitored in a shared measurement gap pattern. Based on this analysis, we believe that it may be appropriate to consider a maximum number of interfrequency and interRAT measurement objects which may be simultaneously monitored to 4.
We would also like to discuss the appropriate place to capture such a value. In principle, the minimum measurement capability of the UE could be specified in 36.133, which would allow the implementation of a UE supporting more than the minimum requirement. Alternatively, it could be specified in 36.331 that maxObjectId is defined as e.g. 5 (to allow also for the intra-frequency measurement object). Given that some devices may still wish to support more than minimum capabilities, it may be acceptable to define maxObjectId as a value somewhat more than 5, and to add the minimum gap sharing capability in 36.133.
6. References

[1] R4-082494, “Maximum Number of IF/IRAT Layers”, Ericssson

















































































































































































The UE shall:


1>	for each measId included in the measIdList within VarMeasurementConfiguration:


2>	If measurement gaps are active or


2>	the UE does not require measurement gaps to perform the concerned measurement or


2>	the UE should attempt to perform the concerned measurement during idle periods:


3>	If s-Measure is not configured or


3>	If s-Measure is configured and the serving cell quality (RSRP value) is lower than this value:


4>	If for the concerned measurement purpose is included in the reportConfig and set to ‘reportCGI’:


5>	If timer T321 is running:


6>	determine the global cell identity of the cell indicated by the cellForWhichToReportCGI included in the associated measurement object by acquiring the relevant system information from the concerned cell;


4>	else:


5>	Perform the corresponding measurements of neighbouring cells on the frequencies and RATs indicated in the concerned measObject and


5>	Perform the evaluation of reporting criteria as specified in section 5.5.4;











The measurement configuration includes the following parameters:


1.	Measurement objects: The objects on which the UE shall perform the measurements.


-	For intra-frequency and inter-frequency measurements a measurement object is a single E-UTRA carrier frequency. Associated with this carrier frequency, E-UTRAN can configure a list of cell specific offsets and a list of ‘blacklisted’ cells. Blacklisted cells are not considered in event evaluation or measurement reporting. 


-	For inter-RAT UTRA measurements a measurement object is a set of cells on a single UTRA carrier frequency.


-	For inter-RAT GERAN measurements a measurement object is a set of GERAN carrier frequencies.


-	For inter-RAT CDMA2000 measurements a measurement object is a set of cells on a single (HRPD or 1xRTT) carrier frequency.


2.	Reporting configurations: A list of reporting configurations where each reporting configuration consists of the following: 


-	Reporting criteria: The criteria that triggers the UE to send a measurement report. This can either be periodical or a single event description.


-	Reporting format: The quantities that the UE includes in the measurement report and associated information (e.g. number of cells to report). 


3.	Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is used as a reference number in the measurement report.


4.	Quantity configurations: One quantity configuration is configured for intra-frequency measurements, one for inter-frequency measurements and one per RAT type. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. One filter can be configured per measurement quantity.


5.	Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled. It is FFS if the measurement gaps are common for all gap assisted measurements.


E-UTRAN only configures a single Measurement object for a given frequency, i.e. it is not possible to configure two or more Measurement objects for the same frequency with different associated parameters, e.g. different offsets and/ or blacklists. E-UTRAN may configure multiple instances of the same event e.g. by configuring two reporting configurations with different thresholds.











