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1 Introduction
In RAN4#70, progress was made on the work item for “Increasing the minimum number of carriers for UE monitoring in UTRA and E-UTRA”, the main outcomes being a liaison statement to RAN2 [1] with agreements relating  to the number of carriers to be monitored, and a RAN4 agreement on the way forward for requirements [2].
2 Discussion
In [2] it was agreed that for UTRA cell FACH state, the requirements will be defined using either option 4 or option 4 and 5 combined. For cell DCH, option 4 will be used. In this contribution we provide further analysis and evaluation.

	Option 4 :Different delay requirements (different measurement activity) for different frequency layers

Option 5 : When SrxlevServingCell < Sprioritysearch1 or SqualServingCell < Sprioritysearch2 , only consider some  higher priority layers + all of lower priority candidates for reselection


The motivation for using different delay requirements (different measurement activity) for different frequency layers comes from the understanding that some frequencies may be time critical from a reselection or handover perspective, whereas others are less critical.  This could be understood as meaning that some frequency layer(s) are necessary to ensure that UEs remain in coverage, whereas other frequencies are provided to give additional capacity.  Hence it is reasonable to have a shorter delay requirement (and correspondingly increased measurement activity) on the layers which are necessary for coverage, and a correspondingly reduced measurement activity on the layers which are provide for capacity (so that the measurement activity can be targeted towards coverage layers). 
In this contribution, we seek to outline the further details that need to be decided for this approach and the methodology for specifying the RAN4 RRM requirements in cell-DCH state and cell FACH. Essentially we see 2 issues which need to be resolved

1. How does the UE determine which layers to search and measure with reduced activity, and which layers to measure with normal activity? 

2. What should the RRM requirements be?

In Cell DCH and cell FACH state without discontinuous HS-DSCH reception ongoing, there is a fixed resource of compressed mode gaps or measurement occasions available from a UE perspective. The network may increase the gap density to improve UE mobility performance, but in principle, if the UE needs to measure more frequencies with a given gap pattern then there is no option to increase UE measurement activity. Hence, to measure more carriers, the measurement performance for any given carrier needs to be relaxed.

How does the UE determine which layers to measure with reduced activity, and which layers to measure with normal activity? 
There are two options which could be considered to specify the layers to be searched and measured with reduced activity and the layers to be measured with normal activity – it may be implicitly defined in 3GPP specifications, or signalled. In either case it can be expected that some or even all legacy UE implementations do not measure the additional carriers considered by this work item. 
The legacy UE behaviour is specified in 25.331, and similar principles apply when either inter-frequency or interRAT minimum carrier monitoring requirements are exceeded in CELL_INFO_LIST

	8.6.7.14
Inter-frequency measurement
If the Inter-frequency cell info list, included in the variable CELL_INFO_LIST, includes a number (M) of frequencies that is larger than the number (N) considered in a UE performance requirement defined in [19] and [20]:

1>
the UE shall:

2>
meet this performance requirement on the first relevant (N) frequencies, according to the order defined by the position of the frequencies in the Inter-frequency cell info list, included in the variable CELL_INFO_LIST.

1>
the UE may:

2>
ignore the remaining (M-N) frequencies


Considering that legacy UE may ignore the remaining (M-N) relevant frequencies, to ensure the good operation of legacy UEs, it is natural to include coverage carriers in at least the first N positions in the cell info lists. In this context “relevant” means that the UE supports the band indicated. Considering release 12 UEs which have defined performance requirements for a greater number of carriers, it would also seem reasonable to prioritise the performance according to the position of frequencies in the CELL_INFO_LIST. For example, if we consider that a legacy UTRA FDD UE which is provided with 5 frequencies in the interfrequency FDD cell info list, it may ignore all but the first 2 frequencies, whereas a new UE is expected to measure all 5. In this case, it would seem natural to indicate the cells which shall be measured with normal measurement activity as the first frequencies in the neighbour list, and the cells which shall be measured with reduced measurement activity in later positions in the neighbour list.
The number of frequencies to measure with normal activity and reduced activity in each CELL_INFO_LIST (interfrequency and E-UTRA interRAT) could either be signalled or implicitly defined, for example in RAN4 specifications. Our preference for flexibility is that the split is signalled rather than implicitly defined.

Proposal 1 : The frequencies which are measured with normal or reduced measurement activity are determined by the UE based on procedure rules how to store and use the signalled frequencies by the network.
Similarly to our proposal for idle mode, we define 

Nnorm,inter : Number of UTRA FDD interfrequencies to be measured with normal performance
Nnorm,E-UTRA  : Number of E-UTRA interfrequencies to be measured with normal performance
This is illustrated by example in figure 1. In this example, the E-UTRA neighbour cell list contains 7 frequencies. Nnorm,E-UTRA  is signalled as 4, so 3 carriers are measured with reduced measurement activity
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Figure 1: Example of splitting neighbour frequency list into normal and relaxed performance
It should be noted that the normal measurement set should not be configured to be smaller than the legacy minimum requirement, ie Nnorm, inter ≥2 and Nnorm, E-UTRA≥4.
What should the RRM measurement requirements be?
As discussed, measurement occasions or compressed mode gaps are a fixed resource as far as UEs are concerned. As the frequency layers are split into two groups (normal and relaxed) for performance, it is natural to consider a reference implementation where gaps are allocated for normal and relaxed carriers according to some specific split. For example, taking a compressed mode gap pattern with purpose E-UTRA measurements, we could consider that in every N gaps, M are allocated to measurements of the set of relaxed performance E-UTRA carriers, and the remaining (N-M) is allocated to measurements of the set of normal E-UTRA carriers.  Continuing with the example in figure 1 which has 4 frequencies in the normal set and 3 frequencies in the relaxed set, this means that RRM delays for carriers in the relaxed set will be scaled by (1/Srel)*3 compared to single carrier measurement performance where Srel=M/N, and RRM requirements in the relaxed set will be scaled by (1/(1-Srel))*4 compared to single carrier measurement performance. 
For cell FACH measurements with measurement occasions, an analogous approach can be developed. The key difference between measurement occasions and compressed mode gaps is that measurement occasions do not have an assigned purpose, and are shared for measurements of all configured RATs, whereas there are separate compressed mode gaps for interfrequency, interRAT E-UTRA and interRAT GSM BSIC identification/reconfirmation/RSSI measurement.

For cell FACH measurement with discontinuous HS-DSCH reception, it would in principle be possible to consider increased measurement activity, since there is no longer a fixed resource of measurement gaps. However, to simplify the requirements, and also to ensure good UE power consumption, we propose to use the same basic approach for cell FACH measurement with discontinuous HS-DSCH reception, ie that carriers would be divided into two sets and performance scaled by (1/Sfach,meas)or 1/(1- Sfach,meas) as appropriate. 
Proposal 2 : Cell identification and measurement period for frequency layers in the normal measurement set is scaled by (1/Srel) in both cell FACH and cell DCH state, provided there are also frequency layers in the relaxed measurement set

Proposal 3 : Cell identification and measurement period for frequency layers in the relaxed measurement set is scaled by (1/[1-Srel])in both cell FACH and cell DCH state

We consider the proper value setting for Srel. Since measurement performance is assumed to be partitioned between the two measurement sets in a fixed way, one issue which can occur is that there are many frequencies (eg 4 or more) in the normal measurement set, and only a small number in the relaxed measurement set (eg 1 frequency). Therefore it could happen that the performance of the relaxed measurement set was actually better than the RRM performance of the normal measurement set.  For this reason, we think that most measurement opportunities should be used for measuring the normal carriers. We propose M=1 and N=8 giving scaling factor of 8/7≈1.14 for the normal measurement set RRM requirements and a scaling factor of 8 for the relaxed measurement set RRM requirements. In this way, by increasing the normal measurement RRM minimum requirements by around 14%, the possibility to report additional carriers eg for offload purposes is created.
Proposal 4 : Srel=0.125 is proposed, giving scaling factors for the normal set RRM requirements of 8/7 and  for the relaxed set RRM requirements of 8
It should be emphasised that the scaling factor of 8/7 for normal set RRM requirements only applies when there are also some carrier frequencies in the relaxed set, ie Nnorm,inter<Ncarrier-1 or Nnorm,E-UTRA<Kcarrier
Finally we discuss RRC reestablishement. In [3], there was a proposal to define normal and relaxed measurement requirements for RRC reestablishment. Since RRC reestablishment is not performed when the UE has a layer 1 connection, compressed mode gaps are not used from a UE perspective. Also, it does not seem reasonable to relax RRC reestablishment delays for power saving purposes, since it is important from a user perspective to re-establish the connection rapidly, and it can be considered as a recovery procedure which does not happen commonly. While it may be interesting to consider if relaxing the reestablishment requirement for some carriers can result in a less relaxed requirement for other carriers, our understanding is that the value which is specified in 25.133 is the minimum requirement reestabilishment delay for any carrier, and that the UE would typically try to perform RRC reestablishment sequentially on each carrier. Hence the minimum requirement (worst case delay) occurs if the final frequency that the UE attempts to perform RRC reestablishment on is the one that succeeds.
As a result, since the worst case (minimum requirement) delay happens for the last frequency searched, we propose not to modify the RRC reestablishment requirements in RAN4, although the scaling factor may be higher when UE support increased carrier monitoring.
Proposal 5 : RRC Reestablishment requirements are not changed
Requirements are summarised in table 1

	Requirement
	Normal set
	Relaxed set

	Cell FACH interfrequency cell identification when HS-DSCH reception is not ongoing
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	Cell FACH interfrequency measurement period when HS-DSCH reception is not ongoing
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	Cell FACH EUTRA interRAT cell identification when HS-DSCH reception is not ongoing
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	Cell FACH E-UTRA interRAT measurement period when HS-DSCH reception is not ongoing
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	Cell FACH interfrequency cell identification when HS-DSCH reception is ongoing
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	Cell FACH interfrequency measurement period when HS-DSCH reception is ongoing
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	Cell FACH EUTRA interRAT cell identification when HS-DSCH reception is ongoing
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	Cell FACH E-UTRA interRAT measurement period when HS-DSCH reception is ongoing
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	Interfrequency cell identification in CELL_DCH
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	Interfrequency measurement period in CELL_DCH
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	Cell identification for Inter-frequency measurements on configured carriers without compressed mode
	2.2*Nfreq,n*Kn seconds (non DRX)

4.4*Nfreq,n*Kn seconds (DRX with >10 subframe cycle)


	2*Nfreq,r*Kr seconds (no DRX)

4.4*Nfreq,r*Kr seconds(DRX with >10 subframe cycle)



	Measurement period for Inter-frequency measurements on configured carriers without compressed mode
	1000*Nfreq,n*Kn milliseconds (Non DRX) 

2000*Nfreq,n*Kn milliseconds (DRX with >10 subframe cycle))
	1000*Nfreq,r*Kr milliseconds (non DRX)

2000*Nfreq,r*Kr milliseconds (DRX with >10 subframe cycle))

	Interfrequency detected set
	30 *Nfreq,n* Kn seconds
	30 * Nfreq,r*Kr seconds

	E-UTRAN cell identification
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	E-UTRAN measurement period
	480 x NFreq,n x Kn
	480 x NFreq,r x Kr

	Note 1 : If the number of frequencies in the relaxed measurement set is equal to zero, Kn=1, otherwise Kn=8/7 and Kr=8


Table 1 : Proposed Requirements for cell FACH and cell DCH measurements with increased number of carriers
3 Conclusions 
In this contribution, we discuss requirements for increased carrier monitoring in Cell DCH state. Six proposals are made, and the requirements which would result from these proposals are summarised in table 1.
Proposal 1 : The frequencies which are measured with normal or reduced measurement activity are determined by the UE based on procedure rules how to store and use the signalled frequencies by the network.
Proposal 2 : Cell identification and measurement period for frequency layers in the normal measurement set is scaled by (1/Srel) in both cell FACH and cell DCH state, provided there are also frequency layers in the relaxed measurement set

Proposal 3 : Cell identification and measurement period for frequency layers in the relaxed measurement set is scaled by (1/[1-Srel])in both cell FACH and cell DCH state

Proposal 4 : Srel=0.125 is proposed, giving scaling factors for the normal set RRM requirements of 8/7 and  for the relaxed set RRM requirements of 8
Proposal 5 : RRC Reestablishment requirements are developed under the assumption that the UE sequentially attempts to perform reestablishment first on the frequencies in the normal performance set, and if this fails, reestablishment on frequencies in the relaxed performance set is attempted
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