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1
Introduction
RAN4 has sent LS [1] indicating agreements on increase in the minimum the number of carriers to monitor in UTRA FDD and E-UTRA, and the number of inter-frequency cells in the neighbour cell list for UTRA FDD, and RAN4 intends to update the requirements according to the increased number of frequencies to monitor. 
With additional frequencies to monitor, the following challenges needs to be considered:

· Mobility performance:

· Currently the measurement delay requirements scale linearly with the number of carriers.

· With increase in the total number of layers to monitor, scaling delay requirements linearly will have a negative effect on mobility performance. 
· UE power consumption:
· If, with additional frequencies to monitor, the mobility performance is kept the same, the UE power consumption will increase.
· In RRC connected mode, unlike RRC idle mode, the measurement opportunities are limited especially when the measurement gaps are configured for inter-frequency cell search. It might not be possible to keep the mobility performance the same if all the layers are monitored at the same time.
This paper discusses the following:

· How the UE can prioritize certain frequencies for measurements, maintaining a good balance between mobility performance and UE power consumption.
· Impact on UE measurement scheduling complexity, if many different RRM requirements are configured on different frequency layers simultaneously. 
2
Discussion
2.1
Frequency prioritization for RRC Connected mode
In RRC connected mode, a frequency layer can be classified as one of the following: 
1. Coverage Layer : the frequency has coverage cells only

2. Offload Layer : the frequency has offload cells only

3. Mixed Layer: the frequency has both offload (small cells) and coverage (macro cells) cells, or the frequency has offload cells that are also used for coverage.
We observe that, based on the UE serving cell signal quality or the UE mobility state, measurements on all the layers are not necessarily equally critical. For example:
· When the UE link with the serving cell is not good or if the UE is a high speed UE, mobility measurements are more critical. 

· When the UE link with the serving cell is good and if the UE is not a high speed UE, mobility measurements are not so critical. 

If the UE can prioritize measurements on certain layers based on the serving cell quality and/or the UE mobility state, this would decrease the set of frequencies to be monitored simultaneously and hence enable the UE to even meet more stringent RRM requirement.
Observation 1: With increased number of frequencies configured for measurements, it is beneficial for mobility/offload performance if a subset of frequencies is prioritized based on the serving cell quality and/or the UE speed. 
Here is a method for frequency prioritization, based on the serving cell quality and UE speed:

Condition 1: UE has more layers configured than a certain threshold 

Condition 2: The serving cell quality is lower than a threshold 
Condition 3: UE mobility state is high (based on current MSE at the UE)

UE Action: 
If condition 1 is false, monitor all layers

If (condition 1 is true) AND (condition 2 OR condition 3 is true), prioritize coverage and mixed frequency layers

If (condition 1 is true) AND (condition 2 AND condition 3 are false), prioritize offload and mixed frequency layers
	Condition 1
	Condition 2
	Condition 3
	UE action

	False
	Any
	Any
	Monitor all layers to meet respective requirement set for the layer.

	True
	True
	False
	Prioritize coverage and mixed frequency layers

	True
	True
	True
	Prioritize coverage and mixed frequency layers

	True
	False
	False
	Prioritize offload and mixed frequency layers

	True
	False
	True
	Prioritize coverage and mixed frequency layers


For the above scheme to work, the following new signalling will be required:

·  The frequency layer type has to be indicated to the UE, either as “coverage”, “offload” and “mixed” or as “normal”, “relaxed” and “conditional”
·  For condition 2, either s-Measure is re-used or a new threshold is defined

·  For condition 1, a new threshold on the total number of configured layers needs to be agreed. One option is to use the current requirement as threshold for frequency prioritization.
Proposal 1: Indicate the frequency type within the measurement object 
Proposal 2: Either use s-Measure or agree on a new threshold for evaluation of the serving cell strength before applying frequency prioritization  

Proposal 3: Use the current mobility state estimation method for evaluation of the speed before applying frequency prioritization

Proposal 4: Use the current requirement on minimum number of frequencies to monitor as the threshold for applying frequency prioritization
A similar approach can be used in UTRA FDD. However the prioritisation would be based only on the serving cell quality as the UE does not maintain a mobility state in CELL_DCH state. Also there is no equivalent of s-Measure and a new threshold would need to be introduced for the evaluating of the serving cell quality.

Proposal 1bis: Indicate the frequency type within the measurement object 
Proposal 2bis: Agree on a new threshold for evaluation of the serving cell strength before applying frequency prioritization  

Proposal 4bis: Use the current requirement on minimum number of frequencies to monitor as the threshold for applying frequency prioritization

2.2
UE RRM scheduler challenges in RRC Connected mode 
Different types of layers can have different cell identification delay requirements. For example a coverage layer may have more stringent requirements (lower delays) than an offload layer. 
In RRC connected mode, it is challenging for the UE to schedule measurements with many different delay requirements at the same time. In this section we discussed how simultaneous configuration of different requirements on different layers can be limited for a simpler UE scheduler implementation. 
The example below illustrates the difference between the legacy behavior and one possible way of having different requirements on different frequencies.

Scenario:

Number of configured frequencies (NFreq) = 3

Frequency f1 is a coverage frequency and f2 and f3 are offload frequencies

Say detection delay requirement with 1 frequency is T seconds
Legacy Method: detection delay requirement is 3 x T seconds per frequency

Suppose NW intends to impose a relaxed requirement on offload layers by a factor of 2 compared to normal layers.

Say k is a relaxation factor per frequency. The delay requirements for cell identification and measurement can be relaxed by a factor 1/k for a particular frequency. That is, k = 0.5 means the delay requirements are relaxed by a factor of 2.

Then for the above scenario 

k =1 for f1 and k = 0.5 for f2 and f3

We introduce a new parameter called the effective number of frequency: NFreqEffective
Where NFreqEffective =  [image: image2.png]



And delay requirement for frequency layer i can be scaled by a factor of NFreqEffective x 1/ki to achieve differential scaling in RRM requirements.
New Method: detection and measurement delay requirements are scaled differently for different frequencies
	Frequency
	Delay requirement scaled by NFreq
(Legacy Method )


	Delay requirement scaled by NFreqEffective x 1/ki
(New Method )



	f1 ( k =1)
	3T
	2T

	f2 ( k =0.5)
	3T
	4T

	f3 ( k =0.5)
	3T
	4T


UE can be indicated k in the following ways:

Option 1: k is indicated per frequency, i.e. different delay requirements can be configured for each frequency 
· with this option the 13 frequencies can be configured simultaneously with different RRM requirements ( different values of k)

Option 2:  A frequency type is indicated per frequency. A frequency type points to a static set of RRM requirements, the number of frequency types and the corresponding requirement sets is limited.
· The UE handles a smaller set of RRM requirements simultaneously

· Say frequency type is defined as “Coverage”, “Offload” and “Mixed”

· “Coverage” is mapped to k = 1

· “Offload” is mapped to k = 0.5

· “Mixed” is mapped to k = 1 , when measured for coverage ( based on serving cell condition/ mobility )

“Mixed” is mapped to k = 0.5, when measured for offload (based on serving cell condition/ mobility )
It is worth noting that not all k values are valid. Actually, the valid k values can be decided by RAN4 based on the performance evaluation taking into account, e.g., the numer of configured carriers for monitoring and the effect of the achieved measurement intervals in each frequency layer on AGC tuning.
Observation 2: Option 2 is simpler than option 1 for the UE RRM scheduler. 
Observation 3: In RRC connected mode, the measurement opportunities are limited. So, for option 2, the simultaneous sets of RRM requirements should be limited to 2; one for coverage and one for offload. For mixed frequencies the UE can apply one or the other based on the serving cell quality/ UE mobility state.
Proposal 5: Limit the number of simultaneous RRM requirements configured at the UE to 2   

3
Conclusion
To enable efficient monitoring of increased number of frequency layers, we make the following proposals. 
Observation 1: With increased number of frequencies configured for measurements, it is beneficial for mobility/offload performance if a subset of frequencies is prioritized based on the serving cell quality and/or the UE speed. 

Proposal 1: Indicate the frequency type within the measurement object 
Proposal 2: Either use s-Measure or agree on a new threshold for evaluation of the serving cell strength before applying frequency prioritization  

Proposal 3: Use the current mobility state estimation method for evaluation of the mobility speed before applying frequency prioritization

Proposal 4: Use the current requirement on minimum number of frequencies to monitor as the threshold for applying frequency prioritization

Proposal 1bis: Indicate the frequency type within the measurement object 
Proposal 2bis: Agree on a new threshold for evaluation of the serving cell strength before applying frequency prioritization  

Proposal 4bis: Use the current requirement on minimum number of frequencies to monitor as the threshold for applying frequency prioritization

Observation 2: Option 2 is simpler than option 1 for the UE RRM scheduler. 

Observation 3: In RRC connected mode, the measurement opportunities are limited. So, for option 2, the simultaneous sets of RRM requirements should be limited to 2; one for coverage and one for offload. For mixed frequencies the UE can apply one or the other based on the serving cell quality/ UE mobility state.

Proposal 5: Limit the number of simultaneous RRM requirements configured at the UE to 2   
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