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1
Introduction
RAN4 has agreed the final test case CRs related to the introduction of IncMon WI making it possible to close the performance WI in the June Plenary meeting. One discussion topic discussed already at this point in time and which was left open from the IncMon core work was related to a clarification concerning the detailed number of carriers that should be in the Normal Performance Group (NPG). The amount of E-UTRAN FDD/TDD carriers in NPG that the UE shall be able to monitor has been discussed in the last RAN4 meetings [1 - 13]. 
Reason for closing the WI while keeping this discussion open was to allow for timely closure of the WI and not delaying the closure due to one open clarification.

In this contribution we discuss the detailed reasoning and clarification related to the number of inter-frequency E-UTRAN carriers to be monitored by the UE with normal performance when configured with IncMon. This is done with reference to legacy UE requirements which is baseline for IncMon requirements in order to allow for smooth role out of the feature in the networks. 

2  Number of FDD/TDD E-UTRAN inter-frequency carriers in NPG
IncMon was introduced in Release 12 as mandatory feature allowing networks to configure UE with more carriers than what was possible in earlier releases. Reason for introducing the feature was a clear need from operators and the new features developed 3GPP. Prior to Rel-12 the UE requirements concerning monitoring of FDD and TDD E-UTRA inter-frequency layers were very clear. The single mode UE shall be able to monitor 3 FDD or 3 TDD inter-frequency carriers in idle mode and RRC Connected state. And the FDD/TDD dual mode UE shall be able to monitor 3 FDD and 3 TDD inter-frequency carriers in idle mode and RRC Connected state. 
When introducing IncMon, the number of carriers was reduced such that only 3 carriers could be in NPG in idle mode – leading to a change in performance behaviour for dual mode UEs between legacy and IncMon. This was done inadvertently because of the structuring of the requirements into different sections.
Following we first look at legacy requirements (using release 11 as example) and then the IncMon requirements as introduced.
We do this in order to see why a clarification to IncMon requirements, as discussed earlier, is needed.

Release 11:

Idle Mode

UE idle mode requirements concerning UE measurement capability and maximum number of layers the UE shall be able to monitor are listed in 4.2.2.9

4.2.2.9
UE measurement capability

For idle mode cell re-selection purposes, the UE shall be capable of monitoring at least:

-
Intra-frequency carrier, and
-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers, and

-
Depending on UE capability, 3 cdma2000 1x carriers, and

-
Depending on UE capability, 3 HRPD carriers.

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state shall be capable of monitoring a total of at least 8 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 cells), cdma2000 1x and HRPD layers.

Based on legacy, idle mode UE requirements and expected behaviour it is clear. If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers. I.e. if the network configures the UE within the maximum number of carrier frequency layers – the UE shall be able to monitor 3 FDD E-UTRA inter-frequency carriers and 3 TDD E-UTRA inter-frequency carriers.
Observation 1: non-IncMon (legacy) Idle mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers.

Connected Mode

For release 11 UE connected mode requirements are stated in section 8.1.2.1.1 regarding monitoring of multiple layers and maximum allowed layers for multiple monitoring requirements are in 8.1.2.1.1.1. Main parts are:

The effective total number of frequencies excluding the frequencies of the PCell and SCell being monitored is Nfreq, which is defined as:

Nfreq = Nfreq, E-UTRA + Nfreq, UTRA + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD

where

Nfreq, E-UTRA is the number of E-UTRA carriers being monitored (FDD and TDD)

Nfreq, UTRA is the number of UTRA carriers being monitored (FDD and TDD)

And:

The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and
-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers.

For connected mode the UE is required to be able to monitor up to at least 7 effective layers. Connected mode requirements are aligned with Idle mode requirements - if the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers. I.e. if UE is configured within the maximum effective layers it shall be able to monitor 3 FDD Inter-frequency layer and 3 TDD inter-frequency layers. In release 11 the minimum performance requirements were scaled linearly and depending on the amount of carriers the UE would be configured with. I.e. as minimum they would all have similar expected performance.
Observation 2: non-IncMon (legacy) Connected mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers.

Common for both Idle and connected mode is, that if the UE is capable of monitoring both FDD and TDD (i.e. an FDD/TDD dual mode UE) the UE shall be able to monitor at least 3 FDD E-UTRA inter-frequency carriers and 3 TDD E-UTRA inter-frequency carriers (conditioned that the UE is configured within the maximum effective layers).

Release 12 IncMon:

When IncMon is not configured all inter-frequency carriers are in one ‘performance group’, without any IncMon split into NPG and RPG, and the UE is expected to be able to monitor both 3 FDD E-UTRA inter-frequency carriers and 3 TDD E-UTRA inter-frequency carriers – in line with legacy requirements.

One design goal in IncMon was to ensure that it was possible to keep the performance of one group of carriers almost unaffected compared to legacy, when introducing monitoring of an increased amount of carriers – i.e. minimize the impact from requiring the UE to be able monitor an increased amount of carriers. Therefore IncMon introduced the two performance groups: NPG and RPG. Such design ensured that the minimum performance of a set of carriers would stay almost unchanged and without too extensive relaxations. Additionally it would allow that current network deployments and parameter tuning could stay unaffected to a large extend when deploying IncMon in the field, while additionally enabling UEs to measure some additional carriers with a lesser effort.
Additionally the introduction of two performance groups enables that the network can configure legacy and IncMon UEs in such a way that their performance in the network will be very similar. I.e. it will be possible to configure an IncMon UE in a similar way as a legacy UE, and with additional carriers in RPG, while keeping similar performance from both.
Idle Mode

The IncMon idle mode requirements are listed in 4.2.2 and 4.2.2.9:
For a UE which supports increased carrier monitoring E-UTRA or increased carrier monitoring UTRA, the reselection performance for different carriers may be configured by higher layers to be either normal or reduced. The following definitions are used in the requirements:

Kcarrier : Total number of interfrequency carriers in the neighbour cell list

Kcarrier,normal =Kcarrier- Kcarrier,reduced: Number of interfrequency carriers to be monitored in the normal performance group

Kcarrier,reduced : Number of interfrequency carriers to be monitored in the reduced performance group
NUTRA_carrier: Total number of configured UTRA FDD carriers in the neighbour cell list

NUTRA_carrier,normal= NUTRA_carrier - NUTRA_carrier,reduced: Number of UTRA FDD carriers to be monitored in the normal performance group

NUTRA_carrier,reduced: Number of UTRA FDD carriers to be monitored in the reduced performance group

NUTRA_carrier_TDD : Total number of configured UTRA TDD carriers in the neighbour cell list

NUTRA_carrier_TDD,normal= NUTRA_carrier_TDD - NUTRA_carrier_TDD,reduced: Number of UTRA TDD carriers to be monitored in the normal performance grop

NUTRA_carrier_TDD,reduced: Number of UTRA TDD carriers to be monitored in the reduced performance group

The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA [2, 31] are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3 and the minimum performance requirements for a UE which supports Increased UE carrier monitoring UTRA [2, 31] are calculated as defined in section 4.2.2.5 provided that NUTRA_carrier_normal≤3 and NUTRA_carrier_TDD,normal≤3. In case the limits for the number of normal performance carriers is exceeded considering the broadcast neighbour cell list and the bands supported by the UE, the UE which supports Increased UE carrier monitoring E-UTRA shall measure at least 3 interfrequency carriers with normal performance and the UE which supports Increased UE carrier monitoring UTRA shall measure at least 3 UTRA carriers with normal performance. Additionally, reduced performance requirements shall be met for carriers for which the Reduced measurement performance IE is indicated, up to the UE measurement capability in section 4.2.2.9a.The minimum performance requirements for a UE which does not support Increased UE carrier monitoring E-UTRA [2,31] are calculated assuming all E-UTRA carriers required to be monitored for such UE, are having normal performance and are in normal performance group, i.e. Kcarrier,normal =Kcarrier and Kcarrier,reduced=0. The minimum performance requirements for a UE which does not support Increased UE carrier monitoring UTRA [2,31] are calculated assuming all UTRA carriers required to be monitored for such UE, are having normal performance and are in normal performance group, i.e. NUTRA_carrier,normal= NUTRA_carrier, NUTRA_carrier_TDD,normal= NUTRA_carrier_TDD  and NUTRA_carrier,reduced =0 and NUTRA_carrier_TDD,reduced =0. No reduced performance carrier requirement applies to a UE not supporting Increased UE carrier monitoring E-UTRA or UTRA [2, 31].  Capabilities for number of carriers to monitor for a UE which does not support Increased carrier monitoring E-UTRA or Increased carrier monitoring UTRA are specified in section 4.2.2.9
And in 4.2.2.9:

4.2.2.9a
UE measurement capability (Increased UE carrier monitoring)

UE which support Increased UE carrier monitoring E-UTRAccording to the capabilities in [2,31] shall be capable of monitoring at least 

-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers
UE which support increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall additionally be capable of monitoring at least

-
Depending on UE capability, 6 FDD UTRA carriers, and

-
Depending on UE capability, 7 TDD UTRA carriers, and

In addition to the requirements defined above, a UE supporting E-UTRA measurements in RRC_IDLE state and supporting Increased UE carrier monitoring E-UTRA or increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring a total of at least 13 carrier frequency layers, which includes serving layer, comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 cells), cdma2000 1x and HRPD layers.

Observation 3: IncMon Idle mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 8 FDD and 8 TDD E-UTRA inter-frequency carriers.
Observation 4: The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3.
Connected Mode

The IncMon Connected mode requirements are listed in 8.1.2.1.1.1a and 8.1.2.1.1a and states as follows:
UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] shall be capable of monitoring at least 

-
Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers
UE which indicate support for increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring at least

-
Depending on UE capability, 6 FDD UTRA carriers, and

-
Depending on UE capability, 7 TDD UTRA carriers, and

In addition to the requirements defined above, the UE which indicate support for Increased UE carrier monitoring E-UTRA or increased UE carrier monitoring UTRA according to the capabilities in [2,31]shall be capable of monitoring a total of at least 12 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers

And in 8.1.2.1.1a:

For UE which support increased carrier monitoring E-UTRA or increased carrier monitoring UTRA, the measurement performance for different carriers may be configured by higher layers to be either normal or reduced performance. A scaling factor defining the relaxation to be applied to the requirements for carriers measured with reduced measurement performance is signalled by higher layers and has the possible settings shown in table 8.1.2.1.1-1.

Table 8.1.2.1.1-1: Scaling factor Configurations supported by the UE

	
	Scaling factor settting
	Kn
	Kr

	SCALING_FACTOR_EUTRA_CONFIG1 
	8
	8/7
	8

	SCALING_FACTOR_EUTRA_CONFIG2
	16
	16/15
	16


If no reduced performance group carrier is configured, the UE shall consider all carriers to have normal performance
If no scaling factor is configured, a UE indicating support for increased carrier monitoring E-UTRA or increased carrier monitoring UTRA shall monitor at least the number of carriers specified in section 8.1.2.1.1.1 and is not required to monitor the increased number of carriers specified in section 8.1.2.1.1.1a.
The following definitions are used in the performance requirements:

Nfreq =Nfreq,n + Nfreq,r 
Where:

Nfreq,n = Nfreq, E-UTRA,normal + Nfreq, UTRA, normal + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD : Total number of interfrequency carriers to be monitored with normal measurement performance

Nfreq,r = Nfreq, E-UTRA,reduced + Nfreq, UTRA, reduced : Total number of interfrequency carriers to be monitored with reduced measurement performance

Where :

Nfreq, E-UTRA,normal : Number of interfrequency carriers to be monitored with normal performance 

Nfreq, E-UTRA,reduced : Number of interfrequency carriers to be monitored with reduced performance

Nfreq, UTRA,normal : Number of UTRA carriers (FDD and TDD) to be monitored with normal performance 

Nfreq, UTRA,reduced : Number of UTRA carriers (FDD and TDD) to be monitored with reduced performance

For interfrequency carriers, if Nfreq, E-UTRA,reduced is not equal to zero then Kn and Kr are as shown in table 8.1.2.1.1-1. Otherwise Kn=1 and all interfrequency layers have normal performance.

For UTRAN carriers, if Nfreq, UTRA,reduced is not equal to zero then Kn and Kr are as shown in table 8.1.2.1.1-1. Otherwise Kn=1 and all UTRA frequency layers have normal performance.

The minimum performance requirements for a UE which indicates support for Increased UE carrier monitoring E-UTRA [2, 31] are calculated as defined in sections 8.1.2.3.1 and 8.1.2.3.2 provided that Nfreq, E-UTRA,normal ≤3 or if Nfreq,n= Nfreq. The minimum perforformance requirements for a UE which indicates support for Increased UE carrier monitoring UTRA [2, 31] are calculated as defined in sections 8.1.2.4.1, 8.1.2.4.3, 8.1.2.4.7 and 8.1.2.4.13  provided that Nfreq, UTRA,normal ≤3 or if Nfreq,n= Nfreq. Capabilities for number of carriers to monitor for a UE which supports Increased carrier monitoring E-UTRA or Increased carrier monitoring UTRA are specified in section 8.1.2.1.1.1a.

Observation 5: IncMon Connected mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 8 FDD and 8 TDD E-UTRA inter-frequency carriers.

Observation 6: The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3.
From the requirements quoted above it is clear that for a UE that supports IncMon for UTRA the requirements support having both 3 FDD and 3 TDD carriers in normal performance group. This is aligned with non-IncMon and legacy requirements. This is not the case for Connected Mode.
Looking at the E-UTRAN IncMon requirements, the number of carriers has been increased as well as the total number of carriers. The UE shall now be able to monitor 8 FDD and 8 TDD E-UTRA inter-frequency carriers. But as can also be seen is that the number of carriers that can be in NPG is limited to 3 for E-UTRA. Such limit is fine regarding a single mode UE supporting either FDD or TDD but not both as 3 carriers is the same requirement as in legacy. But in order to be aligned with legacy this number should have been 6 when considering both E-UTRA FDD and TDD are configured in order to align with legacy requirements. In legacy it was clear that the UE in such case shall be able to monitor both 3FDD and 3TDD E-UTRAN inter-frequency carriers. I.e. needs to allow for 3 FDD and 3 TDD inter-frequency carriers in NPG.
Proposal 1: IncMon UEs shall support legacy requirements in NPG as specified from Rel-8.
Looking at legacy requirements and one of the IncMon design goals of minimizing the network impact deploying IncMon – it is clear, that the number of carriers in NPG needs be defined such that is allows UE behavior kept similar to legacy requirements. I.e. for E-UTRAN for single-mode (FDD or TDD capable UE) UE the UE should be capable of having 3 carriers in NPG. For a dual-mode capable UE (FDD and TDD capable UE) the number of carriers in the NPG should be 6 allowing for 3 FDD E-UTRA inter-frequency carriers and 3 TDD E-UTRA inter-frequency carriers. 
Proposal 2: In order to align IncMon requirement with legacy requirements number of carriers in NPG needs to be 3 FDD and 3 TDD E-UTRAN inter-frequency carriers for a UE supporting FDD and TDD.
Having 6 carriers in NPG for a UE supporting both FDD and TDD would be aligned with legacy requirements and behavior (as seen from Rel-11 specification references). This would result in an IncMon design, in which the UEs operating according to IncMon, would behave rather similar (i.e. have almost same performance) as legacy UEs under same conditions while allowing the IncMon UE to be configured with additional carriers in RPG. I.e. a legacy FDD/TDD dual-mode capable UE and an IncMon FDD/TDD dual-mode capable UE configured with 3 FDD and 3 TDD E-UTRA inter-frequency carriers, would have very similar performance (behave similar) when the carriers would be in NPG for the IncMon UE – while allowing additional carriers to be configured for the IncMon UE in RPG.
Current IncMon requirements does not reflect this, as it currently does not capture requirements for an FDD/TDD dual-mode UE. Specification only captures requirements for single-mode (FDD or TDD) E-UTRA UE only allowing 3 carriers in NPG in both idle and connected mode. 
It should also be noted that a Dual-mode IncMon capable UEs should measure in the same way as Dual-mode legacy UEs (i.e. 3 FDD and 3TDD carriers) when increased carrier monitoring is not configured in idle mode (i.e. there is no RPG and no additional carriers are configured).
Therefore – and in the spirit of the specification and discussions carried out during the IncMon work – we believe that the specification shall be clarified to reflect that for an FDD/TDD dual-mode capable UE the NPG can include 3 FDD and 3 TDD E-UTRA inter-frequency carriers.

One discussion which took place in RAN4#76bis was related to the total number of carriers monitored by the UE. For non-IncMon UEs,  The total minimum requirements are specified as follows

Non-IncMon

In addition to the requirements defined above, the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers

IncMon

In addition to the requirements defined above, the UE which indicate support for Increased UE carrier monitoring E-UTRA or increased UE carrier monitoring UTRA according to the capabilities in [2,31]shall be capable of monitoring a total of at least 12 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers

One point which was made was that if E-UTRA, UTRA and GSM carriers (for example) are simultaneously configured with an IncMon UE, the minimum requirement of 12 frequency layers may be exceeded if there are more than 3 normal E-UTRA inter-frequency layers+additional RPG layers. Firstly, we would note that not all deployments will use a large number of UTRA and GSM carriers, and so it should be fully possible to configure (for example) 6 E-UTRA inter-frequecny (3 FDD + 3TDD) and additional RPG E-UTRA carriers without exceeding the IncMon total requirement of 12 carrier frequency layers – e.g. 3 FDD normal + 3 TDD normal + 5 RPG carriers (either FDD or TDD). Secondly, the total layer monitoring requirement is an independent minimum requirement from the per RAT monitoring requirements and is agnostic to whether the carriers belong to NPG or RPG. Naturally, any limitation on the total number of layers which UEs are capable of monitoring needs to be taken into account when deciding on configurations for IncMon UEs, but we do not see any reason that it should be necessary to exclude configurations with greater than 3 NPG carriers based on consideration of the total layers.

Next it is discussed how to correct the missing Dual-mode UE requirements, how they can be captured in the specification and how to word it, in order to avoid further misunderstandings. 
It is worth to notice that this paper does not the change the numerical values of particular core requirements but aligns the IncMon requirements for a Dual-mode capable UE to align IncMon with what is already the requirements for same UE in legacy. 
One of the possible wordings can be as follows:


[image: image1]
Exactly the same inconsistency can be found in IncMon core requirements of E-UTRA connected mode in TS36.133, but in this case both inter-frequency and inter-RAT carriers’ numbers require clarification.
To correct this requirement, with minimum impact on the specification, following change can be proposed:

[image: image2]
3
Conclusion

In this contribution we discuss the detailed reasoning and clarification related to the number of inter-frequency E-UTRAN carriers to be monitored by the UE with normal performance when configured with IncMon. This is done with reference to legacy UE requirements which is baseline for IncMon requirements in order to allow for smooth role out of the feature in the networks. From the discussion we observe:

Observation 1: non-IncMon (legacy) Idle mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers.

Observation 2: non-IncMon (legacy) Connected mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 3 FDD and 3 TDD E-UTRA inter-frequency carriers.

Observation 3: IncMon Idle mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 8 FDD and 8 TDD E-UTRA inter-frequency carriers.

Observation 4: The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3.
Observation 5: IncMon Connected mode requirements are clear: If the UE is capable of monitoring both FDD and TDD E_UTRA inter-frequency carriers, the UE shall be able to monitor 8 FDD and 8 TDD E-UTRA inter-frequency carriers.

Observation 6: The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3.

 We see it necessary to correct the current requirements such that UE operating according to IncMon rules will behave (almost) similar compared to legacy UEs without limitations. We propose following according to the spirit of the IncMon discussions:

Proposal 1: IncMon UEs shall support legacy requirements in NPG as specified from Rel-8.
Proposal 2: In order to align IncMon requirement with legacy requirements number of carriers in NPG needs to be 3 FDD and 3 TDD E-UTRAN inter-frequency carriers for a UE supporting FDD and TDD.
It is worth to notice that this paper does not the change the numerical values of particular core requirements but aligns the IncMon requirements for a Dual-mode capable UE to align IncMon with what is already the requirements for same UE in legacy
The analysis and corrections presented in this contribution are also valid for UTRA, and similar conclusions can then be drawn for IncMon core requirements of TS25.133 for idle, CELL_DCH and CELL_FACH states. 

In [18, 19] we have provided CRs for 36.133 and 25.133 capturing the above text proposals.
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[Text proposal for E-UTRA idle mode requirements - section 4.2.2 of TS36.133]


For a UE which supports increased carrier monitoring E-UTRA or increased carrier monitoring UTRA, the reselection performance for different carriers may be configured by higher layers to be either normal or reduced. The following definitions are used in the requirements:


Kcarrier : Total number of interfrequency carriers in the neighbour cell list


Kcarrier,normal =Kcarrier- Kcarrier,reduced: Number of interfrequency carriers to be monitored in the normal performance group


Kcarrier,normal,FDD : Number of interfrequency FDD carriers to be monitored in the normal performance group


Kcarrier,normal,TDD : Number of interfrequency TDD carriers to be monitored in the normal performance group


Kcarrier,reduced : Number of interfrequency carriers to be monitored in the reduced performance group


NUTRA_carrier: Total number of configured UTRA FDD carriers in the neighbour cell list


NUTRA_carrier,normal= NUTRA_carrier - NUTRA_carrier,reduced: Number of UTRA FDD carriers to be monitored in the normal performance group


NUTRA_carrier,reduced: Number of UTRA FDD carriers to be monitored in the reduced performance group


NUTRA_carrier_TDD : Total number of configured UTRA TDD carriers in the neighbour cell list


NUTRA_carrier_TDD,normal= NUTRA_carrier_TDD - NUTRA_carrier_TDD,reduced: Number of UTRA TDD carriers to be monitored in the normal performance grop


NUTRA_carrier_TDD,reduced: Number of UTRA TDD carriers to be monitored in the reduced performance group


The minimum performance requirements for a UE which supports Increased UE carrier monitoring E-UTRA [2, 31] are calculated as defined in section 4.2.2.4 provided that Kcarrier,normal ≤3 for a UE capable of either FDD E-UTRA carrier monitoring or TDD E-UTRA carrier monitoring or Kcarrier,normal ≤6  for a UE capable of both FDD and TDD E-UTRA carrier monitoring provided Kcarrier,normal,FDD ≤3  and Kcarrier,normal,TDD ≤3 and the minimum performance requirements for a UE which supports Increased UE carrier monitoring UTRA [2, 31] are calculated as defined in section 4.2.2.5 provided that NUTRA_carrier_normal≤3 and NUTRA_carrier_TDD,normal≤3.[…]





[Text proposal for E-UTRA idle mode requirements - section 8.1.2 of TS36.133]


The following definitions are used in the performance requirements:


Nfreq =Nfreq,n + Nfreq,r 


Where:


Nfreq,n = Nfreq, E-UTRA,normal + Nfreq, UTRA, normal + Mgsm + Nfreq, cdma2000 + Nfreq, HRPD : Total number of interfrequency carriers to be monitored with normal measurement performance


Nfreq,r = Nfreq, E-UTRA,reduced + Nfreq, UTRA, reduced : Total number of interfrequency carriers to be monitored with reduced measurement performance


Where:


Nfreq, E-UTRA,normal : Number of interfrequency carriers to be monitored with normal performance 


Nfreq, E-UTRA,normal,FDD : Number of interfrequency FDD carriers to be monitored with normal performance


Nfreq, E-UTRA,normal,TDD : Number of interfrequency TDD carriers to be monitored with normal performance


Nfreq, E-UTRA,reduced : Number of interfrequency carriers to be monitored with reduced performance


Nfreq, UTRA,normal : Number of UTRA carriers (FDD and TDD) to be monitored with normal performance 


Nfreq, UTRA,normal,FDD : Number of UTRA carriers FDD to be monitored with normal performance


Nfreq, UTRA,normal,TDD : Number of UTRA carriers TDD to be monitored with normal performance


Nfreq, UTRA,reduced : Number of UTRA carriers (FDD and TDD) to be monitored with reduced performance


For interfrequency carriers, if Nfreq, E-UTRA,reduced is not equal to zero then Kn and Kr are as shown in table 8.1.2.1.1-1. Otherwise Kn=1 and all interfrequency layers have normal performance.


For UTRAN carriers, if Nfreq, UTRA,reduced is not equal to zero then Kn and Kr are as shown in table 8.1.2.1.1-1. Otherwise Kn=1 and all UTRA frequency layers have normal performance.


The minimum performance requirements for a UE which indicates support for Increased UE carrier monitoring E-UTRA [2, 31] are calculated as defined in sections 8.1.2.3.1 and 8.1.2.3.2 provided that Nfreq, E-UTRA,normal ≤3 for a UE capable of either FDD E-UTRA carrier monitoring or TDD E-UTRA carrier monitoring or Nfreq, E-UTRA,normal ≤6 for a UE capable of bothFDD and TDD E-UTRA carrier monitoring provided Nfreq, E-UTRA,normal,FDD ≤3 E-UTRA carriers and Nfreq, E-UTRA,normal,TDD ≤3 TDD E-UTRA carriers or if Nfreq,n= Nfreq. The minimum perforformance requirements for a UE which indicates support for Increased UE carrier monitoring UTRA [2, 31] are calculated as defined in sections 8.1.2.4.1, 8.1.2.4.3, 8.1.2.4.7 and 8.1.2.4.13 provided that Nfreq, UTRA,normal ≤3 for UE capable of either FDD UTRA carrier monitoring or TDD UTRA carrier monitoring or Nfreq, UTRA,normal ≤6 for a a UE capable of both FDD and TDD UTRA carrier monitoring provided Nfreq, UTRA,normal,FDD ≤3 FDD UTRA carriers and Nfreq, UTRA,normal,TDD ≤3  TDD UTRA carriers or if Nfreq,n= Nfreq. Capabilities for number of carriers to monitor for a UE which supports Increased carrier monitoring E-UTRA or Increased carrier monitoring UTRA are specified in section 8.1.2.1.1.1a.











