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1. Introduction
RAN4 has been discussing IncMon for a longer period and the CRs introducing the feature were agreed in [1 – 4]. The IncMon discussions were concentrated around gap-assisted measurement requirements defining the requirements for scaling of gap-assisted measurements. Understanding was that same requirements would then also be applied for non-gap-assisted measurements. In the final CRs this is not captured. In this paper we discuss what is needed in order to make clear IncMon requirements for non-gap-assisted measurements for UEs capable of performing inter-frequency and inter-RAT measurements without gap-assistance.
2. Discussion
Applying IncMon scaling also for non-gap-assisted measurement requirements was briefly discussed in RAN4 [5]. IncMon work continued in RAN4 concentrating on defining the requirements for gap-assisted measurements first. Reason being that for E-UTRAN gap-assisted measurement there are only a limited amount of gaps for performing inter-frequency and inter-RAT measurements. The available gaps needs to be shared among all the configured Objects which means that when increasing the possible amount of Objects the UE can be configured to monitor there would be a direct impact on the UE measurement performance and requirements.

When the gap-assisted measurement requirements for IncMon would then be ready, the understanding was the similar requirements would then apply also for non-gap-assisted measurement requirements using the existing rule related to requirements for non-gap-assisted measurements:

‘A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.’

This is currently not captured in the agreed CR [4]. It is proposed that the scaled IncMon measurement performance requirements applies also for non-gap-assisted measurements.

Proposal 1: The scaling factors as defined in section 8.1.2.1.1a for IncMon when monitoring multiple layers using gaps applies also for when inter-frequency and/or inter-RAT measurements are performed without gaps.
Unfortunately the final CR [4] do not capture this understanding and it is not clear whether the IncMon scaling rules and maximum allowed number of carriers to monitor applies only when using gaps or in general. Our understanding is that the IncMon rules applies in a generic manner and for all IncMon supporting UE’s independently from whether the UE needs gap-assisted measurements or not. We therefore propose to clarify 36.133 accordingly.
Proposal 2: Clarify in 36.133 that the maximum allowed layers for monitoring and the scaling rules for applies for all IncMon supporting UEs independently whether using gap-assisted and non-gap-assisted measurements.

Such clarifications can be done in different ways. Following we present two examples for which we have provided text proposals in Appendix.
1.1 Clarification examples
If proposal 2 is agreed we present following two examples how the 36.133 can be clarified.

1) Additional text in section 8.1.2.1 stating that the IncMon number of carriers and scaling factors as defined 8.1.2.1.1.1a and 8.2.1.1a also applies for UEs supporting IncMon and capable of performing inter-frequency and/or inter-RAT measurements without gaps. Text example for capturing this is given in Appendix A.

2) Move the sections related to IncMon requirements such that they are not in section 8.1.2.1.1 ‘Monitoring of multiple layer using gaps’. E.g. move sections 8.1.2.1.1.1a and 8.1.2.1.1a to section 8.1.2.1. Text example for capturing this is given in Appendix B.
For simplicity and minimizing the specification changes we have a slight preference for option 1 and provide a CR for including this proposal in [6].
3. Conclusions

In this paper we discuss the agreed IncMon CR [4] for LTE RRC Connected mode. The current agreement is not clear concerning what would be the UE requirements if the UE supports IncMon and also supports non-gap-assisted measurements. We propose:

Proposal 1: The scaling factors as defined in section 8.1.2.1.1a for IncMon when monitoring multiple layers using gaps applies also for when inter-frequency and/or inter-RAT measurements are performed without gaps.

And if proposal 1 is common understanding and can be agreed we additionally propose:

Proposal 2: Clarify in 36.133 that the maximum allowed layers for monitoring and the scaling rules for applies for all IncMon supporting UEs independently whether using gap-assisted and non-gap-assisted measurements

We discuss what possible text changes would be needed in order to make clear IncMon requirements for non-gap-assisted measurements and provide two examples with text proposals in Appendix A and B. In [6] we provide a CR introducing the clarification.
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Appendix A

8.1.2
Requirements

8.1.2.1
UE measurement capability

If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and any SCell. 

-
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and PSCell.
If the UE supporting dual connectivity is configured with PSCell, during the total interruption time as shown in Figure 8.1.2.1-1, the UE shall not transmit and receive any data in SCG.

In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe. 
-
Otherwise the UE shall not transmit any data.
In determining the above UE behaviour in the uplink subframe occurring immediately after the measurement gap the UE shall treat a special subframe as an uplink subframe if the special subframe occurs immediately before the measurement gap,Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


NOTE 1:
When inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern 0 can be used. For defining the inter-frequency and inter-RAT requirements Tinter1=30ms shall be assumed. 

NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes. 

NOTE 3: 
MGL is the time from start of tuning to end of retuning, which is aligned between MCG and SCG.
NOTE 4: 
The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asyncrhonous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asyncrhonous dual connectivity.
NOTE 5: 
For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
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Figure 8.1.2.1-1: Measurement GAP and total interruption time on MCG and SCG

A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

If the UE supporting E-UTRA carrier aggregation when configured with one or two SCCs is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and interruption occurs on PCell or any activated SCell or both due to measurements performed on cells on an SCC with a deactivated SCell according to section 8.3, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9. 

If the UE supporting E-UTRA dual connectivity when configured with a PSCell is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.
UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] and which is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall be able to monitor maximum number of layers as in 8.1.2.1.1.1a and apply relaxation to the requirements for carriers measured with reduced measurement performance according to section 8.1.2.1.1a
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8.1.2
Requirements

8.1.2.1
UE measurement capability

If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, in order for the requirements in the following subsections to apply the E-UTRAN must provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs.

During the measurement gaps the UE:

-
shall not transmit any data

 -
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and any SCell. 

-
is not expected to tune its receiver on any of the E-UTRAN carrier frequencies of PCell and PSCell.
If the UE supporting dual connectivity is configured with PSCell, during the total interruption time as shown in Figure 8.1.2.1-1, the UE shall not transmit and receive any data in SCG.

In the uplink subframe occurring immediately after the measurement gap,

-
if the following conditions are met then it is up to UE implementation whether or not the UE can transmit data:
-
all the serving cells belong to E-UTRAN TDD;

-
if the subframe occurring immediately before the measurement gap is an uplink subframe. 
-
Otherwise the UE shall not transmit any data.
In determining the above UE behaviour in the uplink subframe occurring immediately after the measurement gap the UE shall treat a special subframe as an uplink subframe if the special subframe occurs immediately before the measurement gap,Inter-frequency and inter-RAT measurement requirements within this clause rely on the UE being configured with one measurement gap pattern unless the UE has signaled that it is capable of conducting such measurements without gaps. UEs shall only support those measurement gap patterns listed in Table 8.1.2.1-1 that are relevant to its measurement capabilities.

Table 8.1.2.1-1: Gap Pattern Configurations supported by the UE

	Gap Pattern Id
	MeasurementGap Length (MGL, ms)
	Measurement Gap Repetition Period

(MGRP, ms)
	Minimum available time for inter-frequency and inter-RAT measurements during 480ms period

(Tinter1, ms)
	Measurement Purpose

	0
	6
	40
	60
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x

	1
	6
	80
	30
	Inter-Frequency E-UTRAN FDD and TDD, UTRAN FDD, GERAN, LCR TDD, HRPD, CDMA2000 1x


NOTE 1:
When inter-frequency RSTD measurements are configured and the UE requires measurement gaps for performing such measurements, only Gap Pattern 0 can be used. For defining the inter-frequency and inter-RAT requirements Tinter1=30ms shall be assumed. 

NOTE 2:
A measurement gap starts at the end of the latest subframe occurring immediately before the measurement gap among MCG serving cells subframes. 

NOTE 3: 
MGL is the time from start of tuning to end of retuning, which is aligned between MCG and SCG.
NOTE 4: 
The total interruption time on SCG is 6 subframes for synchronous dual connectivity, and the total interruption time on SCG is 7 subframes for asyncrhonous dual connectivity. As shown in Figure 8.1.2.1-1, MCG subframes from i+1 to i+6 are included in total interruption time together with SCG subframes from j+1 to j+6 for synchronous dual connectivity and j+1 to j+7 for asyncrhonous dual connectivity.
NOTE 5: 
For asynchronous dual connectivity as shown in Figure 8.1.2.1-1 (b), subframe j is regarded as the subframe occurring immediately before the measurement gap for SCG, similarly, subframe j+8 is regarded as the subframe occurring immediately after the measurement gap for SCG.
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Figure 8.1.2.1-1: Measurement GAP and total interruption time on MCG and SCG

A UE that is capable of identifying and measuring inter-frequency and/or inter-RAT cells without gaps shall follow requirements as if Gap Pattern Id #0 had been used and the minimum available time Tinter1 of 60 ms shall be assumed for the corresponding requirements.

If the UE supporting E-UTRA carrier aggregation when configured with one or two SCCs is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, and interruption occurs on PCell or any activated SCell or both due to measurements performed on cells on an SCC with a deactivated SCell according to section 8.3, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9. 

If the UE supporting E-UTRA dual connectivity when configured with a PSCell is performing measurements on cells on PCC, inter-frequency measurements, or inter-RAT measurements, then the UE shall meet the requirements specified for each measurement in Section 8 and Section 9.
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
8.1.2.1.1
Monitoring of multiple layers using gaps

When monitoring of multiple inter-frequency E-UTRAN and inter-RAT (UTRAN, GSM) using gaps (or without using gaps provided the UE supports such capability) is configured, the UE shall be capable of performing one measurement of the configured measurement type (RSRP, RSRQ, RSTD, UTRAN TDD P-CCPCH RSCP, UTRAN FDD CPICH measurements, GSM carrier RSSI, etc.) of detected cells on all the layers

The effective total number of frequencies excluding the frequencies of the PCell, SCells, and PSCell 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)

MGSM is an integer which is a function of the number of GSM carriers on which measurements are being performed. MGSM is equal to 0 if no GSM carrier is being monitored. For a MGRP of 40 ms, MGSM is equal to 1 if cells on up to 32 GSM carriers are being measured. For a MGRP of 80 ms, MGSM is equal to ceil(Ncarriers,GSM /20) where Ncarriers,GSM is the number of GSM carriers on which cells are being measured.

Nfreq, cdma2000 is the number of cdma2000 1x carriers being monitored.

Nfreq, HRPD is the number of HRPD carriers being monitored.8.1.2.1.1.1
Maximum allowed layers for multiple monitoring

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 cells), 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 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.










8.1.2.1.1a
Monitoring of multiple layers using gaps (Increased UE carrier monitoring)



	
	
	
	

	
	
	
	

	
	
	
	



   

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

Minimum performance requirements for a UE which do not indicate support for Increased UE carrier monitoring E-UTRA [2,31] are calculated assuming all E-UTRA carriers which the UE is required to monitor, are having normal performance, i.e.  Nfreq, E-UTRA,reduced =0.  Minimum performance requirements for UE which do not indicate support for Increased UE carrier monitoring UTRA [2,31] are calculated assuming all UTRA carriers which the UE is required to monitor, are having normal performance, i.e. Nfreq, UTRA,reduced =0. Capabilities for number of carriers to monitor for UE which do not support increased carrier monitoring E-UTRA or increased carrier monitoring UTRA are specified in section 8.1.2.1.1.1. A UE which do not indicate support for Increased UE carrier monitoring E-UTRA or UTRAN [2,31] does not have any reduced performance carrier requirements and Kn=1.
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

If Nfreq, E-UTRA,reduced is not equal to zero or Nfreq, UTRA,reduced is not equal to zero then Kn is as shown in table 8.1.2.1.1-1 . Otherwise Kn=1 and all frequency layers have normal performance.

The requirements in sections 8.1.2.3.1, 8.1.2.3.2, 8.1.2.4.1, and 8.1.2.4.3, apply provided that Nfreq, E-UTRA,normal ≤3, and Nfreq, UTRA,normal≤3, or if Nfreq,n= Nfreq. . Capabilities for number of carriers to monitor for UE which support increased carrier monitoring E-UTRA or increased carrier monitoring UTRA are specified in section 8.1.2.1.1.1a.
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