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1 Introduction
In RAN4#70bis, there were discussions on the RRM requirements for increased carrier monitoring, and a way forward was agreed in [1]. In this contribution we discuss the remaining open items. In this contribution we consider connected states ie. E-UTRA RRC connected, UTRA cell DCH and UTRA Cell FACH states in a generic manner, and in companion contributions we consider the specific differences between E-UTRA and UTRA requirements. Inter-frequency and inter RAT measurements in connected states are characterised by limited availability of inter-frequency measurement time due to measurement gap pattern, measurement occasion pattern, or compressed mode pattern which are designed to allow the use of a single radio, or at very least limited measurement time due to limitations in baseband processing capability. We highlight this as the fundamental difference from inter-frequency and inter-RAT measurements in idle and semi-idle states, which are limited by the need to be power efficient rather than that the measurement time is fundamentally limited.
2 Disucssion

The main agreements from [1] relevant to connected states are

	· RRC reestablishment minimum requirements will continue to be scaled by Nfreq in both UTRA and E-UTRA

· Nfreq may be larger due to the increased carrier monitoring work item

· The performance requirements for increased carrier monitoring are divided into two performance groups, denoted as normal performance group and low performance group
· Different performance requirements are to be defined by RAN4 for the normal performance group carriers and the low performance group carriers


The first agreement on RRC reestablishment does not imply significant changes to TS25.133 and 36.133. The agreements on dividing carriers into two groups with different RRM requirements (cell identification and measurement period) are important for the remaining work in RAN4.

The main issues which arose in the discussions in RAN4#71bis are

· What is the methodology for determining normal and low performance requirements? Two options can be seen from contributions in RAN4#70bis, so called “s factor scaling”, or “k factor/Nfreq_effective scaling”

· How many and which carriers are measured with normal performance, and does this need to be flexible? By implication the remaining relevant carriers in the NCL are measured with low performance.

· Does the normal and low performance requirement itself need to be configurable (eg signalled scaling factors, s). If so, are these factors RRC state dependent?

Covering these questions, 4 options A, B, C and D are given in the way forward and companies are invited to investigate tradeoffs, although other options are not precluded.
Fundamental to the investigation is the underlying philosophy for dividing into normal and low performance requirements. Since it is clearly impossible to identify and measure cells on 5 (UTRA) or 8 (E-UTRA) carriers in the same available time that was earlier used to identify and measure cells on 2 (UTRA) or 3 (E-UTRA) carriers, compromises need to be made and it is the direction of these compromises which can be evaluated and the resulting tradeoffs investigated.

We see that there are essentially only two directions that the tradeoff can take

1) Some significant degradation of “normal” minimum performace is accepted, in order to secure better minimum performance for the “low” group
2) “Normal” minmum performance is maintained as much as possible, at the expense of reduced minimum performance for cell identification and measurement of carriers in the “low” performance group

It can also be considered whether both directions need to be considered within the scope of the increased UE carrier monitoring work item. If both are considered then it implies some level of flexibility in the signalling (either in terms of the scaling factors, or the number of carriers in different groups, or both). However, we would like to emphasise most of all that compromises always need to be made to measure more carriers, so it is not constructive to argue that for a certain solution the RRM minimum performance for some of the carriers is not good enough, since this is always done to try to secure the performance of other carriers. Rather it would be better to discuss what direction(s) the necessary compromises are made in as the first step.
We now discuss the questions arising from our analysis of the way forward in RAN4#70bis, and the discussions that took place during the meeting.
2.1 What is the methodology for determining normal and low performance requirements? 

Formally we summarise the options, where D represents a single carrier minimum requirement delay, eg cell identification delay or measurement period. Dnorm represents the requirement for the normal performance group, and Dlow represents the requirement for the low performance group.

Approach 1 : s factor scaling

Dnorm=[s/(s-1)]*Nnorm*D

Dlow=s*Nlow*D

Approach 2 : k factor scaling

We assume there are two possible k factors assigned to the two performance groups, dentoted as knorm=1 and klow<1. This gives Neffective=Ʃki = Nnorm + klowNlow, by substituting knorm=1
Dnorm = (Neffictive /knorm)) *D = (Nnorm + klowNlow) *D
Dlow=(Neffictive/klow) *D = [(Nnorm + klowNlow)/klow ]*D = [Nnorm/klow + Nlow]*D
The main difference between these options is that the “s factor scaling” provides a hard partitioning between gaps used for normal and low performance groups, so that the performance of carriers in one group does not depend on the number of carriers in the other group. “k factor scaling” on the other hand, provides a weighting for carriers in each group and the performance for each group depends how many carriers are in the other group. Thus as the number of carriers in the low performance group increases, the performance of the carriers in the normal group is scaled and vice versa, with the scaling factor k maintaining a weighting between the performance of the groups.

Figures 1a and 1b illustrate the difference between these approaches. For the numerical calculation, we used D=3.84s, corresponding to a single interfrequency LTE cell identification minimum requirement with MGRP=40ms. We also fixed s=4, k=0.25 (somewhat equivalent settings) and the number of normal carriers, Nnorm=3 for both approaches just for illustration purposes.

For option 1 (s-factor scaling), the approach fixes the minimum performance of the normal carriers whenever the total number of carriers is ≥4, and assumes a fixed remaining gap availability which is used for the low performance carriers. This means that the performance of the low performance carriers depends quite strongly on the number of carriers in the low performance group, Nlow, rather than Neffective, which is a function of the total number of carriers.

For option 2 (k-factor scaling), as the total number of frequencies increases, Neffective also increases.  This means that both normal and low performance carriers have increasing measurement delay as Nfreq increases, although the further increase in the measurement delay for low performance carriers is not so marked as for option 1 because it depends on Neffective rather than just the number of low performance carriers Nlow.
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Figure 1a : Cell identification delay minimum requirement for different number of total number of carriers to measure using s factor scaling
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Figure 1b : Cell identification delay minimum requirement for different number of total number of carriers to measure using s factor scaling


Some of the perceived advantages and disdavantages of s-factor scaling (option 1) and k-factor scaling (option 2) are presented below

Option 1

Advantages

· The minimum performance of the normal carrier group does not depend on the number of low performance carriers that are configured (assuming at least one low performance carrier is configured)

· For a small number of carriers in the low performance group the RRM performance of the low carrier group can be quite good

· Implementation and testing may be more straightforward because of the static partitioning of measurement resources assumed in the requirement

Disadvantages

· May not give a clear separation between normal and low performance groups, especially if “s” is small. In extreme cases this may lead to a performance “inversion” where the performance of the low performance group is better than the performance of the high performance group.
Option 2
Advantages

· Performance of normal and low carriers may be more clearly differentiated
· The performance of the low carrier group may be better with a large number of total frequencies (eg for the example shown when Nfreq=8, Neffective=4.25, whereas for option 1, the equivalent scaling factor is 5 for low performance carriers.

Disadvantages

· There is no absolute split between the high and low performance groups, so when further low performance carriers are added, it has some impact to the performance of the normal performance group. If further normal performance carriers are added (assuming this to be flexible) it will have significant performance impact to the low performance group.
Based on the advantages and disadvantages of each scheme, we propose that RAN4 disucusses further whether option 1 or option 2 should be used for scaling. Such discussion is a prerequisite to discussions on the parameters that should be signalled, so in line with the way forward, this needs to be agreed in RAN4#71.Otherwise RAN2 could not complete any CR for RAN#65 plenary (September). 

Based on the isolation of low and normal performance group, we have a slight preference towards option 1. However, both options represent slightly different tradeoffs and either may be a suitable methodology for the further work on increased carrier monitoring. 

Proposal 1 :  RAN4 should decide the scaling option first during RAN4#71, so that further necessary details of the signalling can be agreed.
2.2 How many and which carriers are measured with normal performance, and does this need to be flexible?
In discussions in RAN4#70bis, there were sometimes concerns raised that the RRM performance of a certain carrier group may not be good enough. We would begin by emphasising that for interfrequency handover, no study has been made in 3GPP that the RAN4 minimum requirements eg for cell identification are good enough for the needs of the system. Rather, the past methodology has been to perform link level simulation of cell detection algorithms using the physical synchronisation signals. Such studies are typically performed in the first instance looking intrafrequency cell identification and then the conclusions are also applied to interfrequency cell identification, perhaps considering a different SNR point (and thus target delay) compared with intrafrequency. In considering interfrequency requierments, scaling factors have been applied based on the available measurement time (gap densitiy considering implementation aspects such as RF switching) and the number of carriers. 
Observation1 : RAN4 minimum UE requirements have determined by link level simulation rather than system simulations.
The implication of this observation is that even without considering increased carrier monitoring, there exist measurement configurations which do not satisfy the needs of a certain deployment. For example, in moderate or high speed scenarios, coverage based interfrequency cell identification with a scaling factor Nfreq=3 are already likely to lead to delays which are too long for the needs of the system, especially if DRX is configured.

Since RAN4 determines minimum performance based on link level simulations,  assuming reasonable UE implementations, it is up to infra vendor and network operator responsibily to ensure that the configurations which are given to UEs, and the resulting performance is good enough for the anticipated deployment.
One of the design aspects for increased carrier monitoring is the underlying assumption that “normal” performance group carriers are used eg for coverage based handover (time critical) and “low” performance group carriers are used eg for offload based handover (non time critical). Since it cannot be assumed that there will always be 2 (UTRA interfrequency), 3 (E-UTRA-> UTRA IRAT, or EUTRA interfrequency) or 4 (UTRA->EUTRA iRAT) coverage based carriers and that the remaining carriers are for offload, we think that flexibile configuration of the carriers in each group is necessary. The details for how to perform the configuration would be for RAN2 to decide.
Proposal 2 : Flexibile configuration of the carriers belonging to each group is specified.

One argument which has been made against this is that the legacy UEs already work and those can be assumed to meaure at least the legacy number of carriers while meeting the legacy requierments on those carriers. So based on this, it could also be assumed that fixing the legacy carriers to “normal” performance and the remaining carriers to “low” performance may be acceptable.  
In the short term (when there is still a mix of legacy and new UEs), this argument is valid, and in our RAN2 contribution on capabilities for increased carrier monitoring we propose a measurement requirement to measure a “pre-defined” normal/low group as follows:

	UE shall be able to measure on a "pre-defined" normal/low performance group with the legacy number of frequencies in the normal performance group, and the additional frequencies in the low performance group: 

· UMTS: 

· 2 inter-frequencies (normal performance group) + 3 inter-frequencies (low performance group)

· 4 LTE (FDD or TDD) frequencies (normal performance group) + 4 LTE (FDD or TDD) frequencies (low performance group)

· UE shall be able to measure up to 64 inter-frequency neighbours indicated in SIB11/11bis

· LTE:

· 3 UTRA FDD (normal performance group) + 3 UTRA FDD (low performance group)

· 3 UTRA TDD (normal performance group) + 4 UTRA TDD (low performance group)

· 3 LTE FDD (normal performance group) + 5 LTE FDD (low performance group)

· 3 LTE TDD (normal performance group) + 5 LTE TDD (low performance group)

· Maximum number of iRAT HSPA neighbours (Connected) 80 (max 32 cells/ frequency)


The advantage of this approach is that a subset of increased carrier monitoring could be implemented without signalling changes. In the future, the performance of legacy UEs becomes increasingly irrelevant as time goes on, since eventually most or all UEs in the field are supporting later releases. Since future deployments will be different, it is unnecessarily limiting on increased carrier monitoring work to constrain according to the legacy number of carriers. For example, if we consider indoor deployments, it may be beneficial to support reselection to an increased number of carriers in the normal group, compared to the legacy number. Naturally this will increase the frequency dependent scaling factor Nnorm, but in some scenarios this may be preferable to assigning some of the carriers to the low performance group. Alternatively there may be scenarios where more carriers can be moved to the reduced performance group. Thus in [2] we propose to introduce signalling to indicate which frequencies have normal and which frequencies have reduced performance, with support indicated by the UE under IOT capability signalling.

To limit the UE complexity and limit testing effort it can be discussed further if the signaling range for Nnormalxxx (1..8), or the range Nnormalxxx for which RAN4 requirements apply should be limited. 

2.3 Does the normal and low performance requirement itself need to be configurable (eg signalled scaling factors, s)?
For this question, it is important to keep in mind that RAN4 only specifies UE minimum performance requirements, and not UE implementations of measurement scheduling. On the other hand, the relative minimum performances specified for each carrier implies a certain gap sharing in a typical UE implementation. For example, if all carrier have the same minimum performance requirement for cell detection then it would be natural to share gaps equally between them at last as far as cell identification is concerned. This may not hold for gaps used for measurements of known cells, since that may depend on which cells have already been detected.
If the scaling factor (eg “s” for option 1, or “klow” for option 2) is signalled then this implies quite a dynamic typical UE behaviour as far as gap usage is concerned, and it may be quite difficult to ensure that the implementations actually meet the all the expected performance requirements even if we assume good UE implementations. In general, we expect that highly configurable UE minimum performance controlled by RRC signalling may be quite challeing to implement and test, although we note that there have been some occasions where such requirements have been specified in the past, such as the deactivated Scell measurement cycle for LTE carrier aggregation.

Nevertheless, if the scaling factor is fixed then careful consideration needs to be made on the value chosen in RAN4. Our view is that the low performance group is for offload purposes, and if a certain frequency is known to be important for coverage then it should not be included in the low performance group. Therefore it is reasonable to select a high value for scaling factor “s”. Since offloading is not a time critical procedure, the exact value of s is not highly critical, which is another reason why it is not important that it is signalled. If it is chosen too low then there will start to be an impact to the measurements in the normal performance group, whereas if it is chosen to be high the impact is additional offload delay.
Considering the appropriate setting, we consider some numerical examples.  Similarly to the discussion in section 2.1, we selected Nnorm=3 carriers (legacy LTE interfrequency case). Option 1 is assumed for scaling, and different scaling factors s=2,4,8,16 are considered. The total number of frequencies to be measured is a parameter of the calculation and is varied from 1 to 8. The results for LTE interfrequency cell identification minimum requirements are shown in figures 2a-2d.
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Figure 2a : Cell identificationd delay for s=2
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Figure 2b : Cell identificationd delay for s=4
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Figure 2c : Cell identificationd delay for s=8
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Figure 2d : Cell identificationd delay for s=8


One important metric which can be used to identify suitable s scaling factors is the increase in minimum cell detection time for carriers in the normal group when at least one carrier in the low group is configured. This is expressed as a percentage relative to the worst case delay when no frequencies in the low group are configured (Total frequencies to measure=3 in this example). Results are shown in table 1. This is simply (s/(s-1)) expressed as a percentage since by definition of option 1 this is the scaling factor applied to the normal performance group.

	s scaling factor
	Relative increase in minimum cell detection time for carriers in the normal group when at least one carrier in the low group is configured = (s/(s-1))
	Minimum requirement for cell detection time for low performance group (with MGRP=40ms) (seconds)

	2
	200%
	7.68*Nlow

	4
	133%
	15.36*Nlow

	8
	114.3%
	30.72*Nlow

	16
	106.7%
	61.44*Nlow



Table 1 : Relative increase in minimum cell detection time for carriers in the normal group when at least one carrier in the low group is configured for different s scaling factors, and corresponding minimum requirement for cell detection time for low performance group
Considering that in release 8 specifications RAN4 specified a fixed performance in idle mode of 60s*Nlayers for higher priority layers, also used for offload, s=8 or s=16 seems to offer performance of a similar order of magnitude for connected offloading, and at the same time the cost to normal frequency layers is only a modest increase of ~6 to 14%. Hence s=8 or s=16 looks suitable, and even s=4 could be considered. Since offloading delay may be more noticeable for a connected state UE than for an idle UE, and as a tradeoff is being considered we propose s=8, although we also emphasise that we do not consider the value to be critical within the range 4-16. Since the scaling of relative delays is independent of RRC state, we propose that the same value is used in different connected RRC states for both UTRA and E-UTRA.

Proposal 3 : s=8 is used to derive requirements for CELL_FACH, CELL_DCH and LTE RRC connected state

It should be noted that this corresponds to option A) in [1].
2.4 Other aspects
In this section we discuss some other aspects of the work. Firstly on the naming of the two groups of performance requirements, we propose that they are referred to as normal and reduced performance groups. Earlier low or relaxed has been used to describe the reduced performance group, but it should be understood that the low or relaxed performance is necessary in order to secure the performance of the normal performance group. Thus we try to name the group in such a way as to avoid any negative connotation or implication that the performance requirements for the reduced performance group can easily be met.
Proposal 4 : The performance groups are named normal and reduced performance group

Another aspect we would like to raise for further study is whether the parallel event monitoring capabilities in 25.133 and 36.133 need to be extened to account for increased carrier monitoring. Currently, these capabilities are specified as follows

25.133

8.3.2
Requirements

In this section a reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different Event Identities, is counted as separate reporting criterion in Table 8.10.
The UE shall be able to support in parallel per category up to Ecat reporting criteria according to Table 8.10. If the UE is configured with a single uplink carrier frequency, for the measurement categories: Intra-frequency, Inter frequency, Inter frequency (virtual active set), and Inter-RAT the UE need not support more than 22 reporting criteria in total. If the UE is configured with dual uplink carrier frequencies, for the measurement categories: Intra-frequency, Inter frequency, Inter frequency (virtual active set), and Inter-RAT the UE need not support more than 28 reporting criteria in total. For the measurement categories: Traffic volume and Quality measurements the UE need not support more than 16 reporting criteria in total.

Table 8.10: Requirements for reporting criteria per measurement category

	Measurement category
	Ecat
	Note

	Intra-frequency
	9
	

	Inter-frequency
	7
	

	Inter-frequency, virtual active set
	4
	

	Inter-RAT GERAN
	4
	Only applicable for UE with this capability

	Inter-RAT E-UTRAN
	4
	Only applicable for UE with this capability

	UE internal measurements
	8
	

	Traffic volume measurements
	2 + (2 per Transport Channel)
	

	Quality measurements
	2 per Transport Channel
	

	UP measurements
	2
	Only applicable for UE with this capability.

	UE Rx-Tx time difference measurement
	1
	

	Note: When the UE is configured with dual uplink carrier frequencies, Ecat for Intra-frequency is applied per intra-frequency.


36.133

8.2.2
Requirements

In this clause a reporting criterion corresponds to either one event (in the case of event based reporting), or one periodic reporting criterion (in case of periodic reporting), or one no reporting criterion (in case of no reporting). For event based reporting, each instance of event, with the same or different event identities, is counted as separate reporting criterion in table 8.2.2-1.
The UE shall be able to support in parallel per category up to Ecat reporting criteria according to table 8.2.2-1. If the UE is not configured with SCell carrier frequency, for the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter-frequency cells, and inter-RAT per supported RAT, the UE need not support more than 26 reporting criteria in total. If the UE is configured with SCell carrier frequency, for the measurement categories belonging to measurements on: E-UTRA intra-frequency cells, E-UTRA inter-frequency cells, and inter-RAT per supported RAT, the UE need not support more than 35 reporting criteria in total.

Table 8.2.2-1: Requirements for reporting criteria per measurement category

	Measurement category
	Ecat
	Note

	Intra-frequency Note 1
	9
	E-UTRA intra-frequency cells

	Intra-frequency UE Rx-Tx time difference
	2
	Intra-frequency UE Rx-Tx time difference measurements reported to E-UTRAN via RRC and to positioning server via LPP. Applies for UE supporting both LPP and UE Rx-Tx time difference measurement.

	Intra-frequency RSTD Note 2
	1
	Intra-frequency RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 cell measurements for the intra-frequency

	Intra-frequency RSRP and RSRQ measurements for E-CID
	1
	Intra-frequency RSRP and RSRQ measurements for E-CID reported to E-SMLC via LPP [24]. One report capable of at least in total 9 intra-frequency RSRP and RSRQ measurements. Applicable to UE capable of reporting RSRP and RSRQ to E-SMLC via LPP.

	Inter-frequency
	7
	E-UTRA inter-frequency cells

	Inter-frequency RSTD Note 2
	1
	Inter-frequency RSTD measurement reporting for UE supporting OTDOA; 1 report capable of minimum 16 cell measurements for at least one inter-frequency

	Inter-RAT (E-UTRAN FDD or TDD, UTRAN FDD, UTRAN TDD, GSM, cdma2000 1 x RTT and HRPD)
	5
	Only applicable for UE with this (inter-RAT) capability. This requirement (Ecat = 5) is per supported RAT.

	Note 1:
When the UE is configured with SCell carrier frequency, Ecat for Intra-frequency is applied per serving frequency.

Note 2:
When the UE is configured with SCell carrier frequency, the UE shall be capable of supporting at least 2 reporting criteria for all RSTD measurements configured to be performed on PCell carrier frequency, SCell carrier frequency and inter-frequency carrier. This requirement applies when there is a single on-going LPP OTDOA location session.


If events are configured on additional frequencies or RATs, the capabilities for interfrequency parallel event configuration, interRAT parallel event configuration and the total number of events may need to be addressed for increased carrier monitoring.

Proposal 5 : RAN4 studies further any necessary changes to Ecat parallel reporting criteria for increased UE carrier monitoring.
3 Conclusions 
In this contribution we discuss remaining issues for increased UE carrier monitoring in RRC connected states where there are limited measurement opportunities such as LTE RRC connected state, and UTRA Cell FACH and Cell DCH states. 

Firstly we discuss different scaling options, and conclude a slight preference for option 1, scaling in a fixed way using s scaling fator, due to the isolation it provides beween requirements for normal and reduced performance carrier groups. At any rate, the decision on scaling option is a prerequisite to other work on increased carrier monitoring and we therefore propose

Proposal 1 :  RAN4 should decide the scaling option first during RAN4#71, so that further necessary details of the signalling can be agreed.
Next we discuss How many and which carriers are measured with normal performance, and whether this need to be flexible. We observe that
Observation1 : RAN4 minimum UE requirements have determined by link level simulation rather than system simulations.
From this observation, we conclude that it is not particularly meaningful to discss whether a certain requirement for increased carrier monitoring in RAN4 is sufficient for the needs of the system, since such studies were never done in earlier releases for the existing requirements. Rather, the configurations for increased carrier monitoring should be somewhat flexible so that they can be adapted and used for the needs of different deployments. Therefore we propose

Proposal 2 : Flexibile configuration of the carriers belonging to each group is specified.

Next we discuss scaling factors under the assumption that option 1 is selected for scaling. Cell identification delays are evaluated for different s factors and total number of carriers to monitor. Our conclusion is that under the assumption that the reduced performance group is used for offloading, the exact setting of s is not critical as long as it is not too small, and settings in the range of 4-16 could be feasible.  As a result we propose
Proposal 3 : s=8 is used to derive requirements for CELL_FACH, CELL_DCH and LTE RRC connected state

It should be noted that this corresponds to option A) in [1].
Finally we discuss some other aspects of increased UE carrier monitoring in connected states and propose

Proposal 4 : The performance groups are named normal and reduced performance group

Proposal 5 : RAN4 studies further any necessary changes to Ecat parallel reporting criteria for increased UE carrier monitoring.
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