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Discussion 
1
Introduction
In the resent LS to RAN2 [1], it has been agreed for UE to monitor up to 13 carriers in UTRA FDD and E-UTRA, and 80 cells in the neighbour cell list for UTRA FDD. Accordingly, RAN4 will update the requirements for UE to monitor the increased number of carriers.
Additionally WF has been agreed in last RAN4 meeting [2] that several options and their combinations have been considered for further investigation on how to set the corresponding requirements. The listed options are captured below which are somehow common for UTRA and E-UTRA.

	Option 3 : Requirement is scaled according to a rule (e.g., non linear) based on the number of layers resulting in a tradeoff between increased delay and increased power consumption

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

Option 6 : When Srxlev < SnonIntraSearchP or Squal < SnonIntraSearchQ, only consider some higher priority layers + all of lower priority candidates for reselection


In principle, it has been agreed that the requirement will be set based on prioritization of (certain) carriers, which can effectively leverage UE power consumption and the mobility performance. 

So in this paper we would further discuss the following key issues for making the progress on this WI:

· How to prioritize certain carriers for measurements while maintaining a good balance between mobility performance and UE power consumption.
· How to set RRM requirements with increased number of carriers based on prioritization on the configured carriers.
Even though we are focusing on the E-URTA RRC connected mode, the same principle can be applied for the other cases as well.
2
Discussion
2.1
Carrier Prioritization
In general, the prioritization of the carriers can take into account both network deployment information and UE specific information, for example:

· The purpose of the carrier for deployment: 

· The frequency layer can be used for the coverage purpose, offloading purpose or the mixed one for both coverage and offloading purposes. For the different purpose of the deployed carrier, the applied requirements can be set differently, similarly to the previous discussion under the WI for Enhanced HetNet Moblity for which the normal and the relaxed requirements are considered separately.
· Effect of UE channel quality:

· In case of the mixed layer with some cells for coverage and the others for offloading, the channel quality of the UE (or UE location) can be further used to determine whether the coverage or offloading based requirements should be applied. 
· Moreover, the channel quality of the serving cell can be a condition for carrier prioritization, similarly to option 6 in WF based on S-measure criteria.
· Effect of UE moving speed: 

· UE moving speed implicitly sets some constraints on the valid period allowed for handover. For the offloading cells typically with the relative small coverage, the high moving speed UE may not have the sufficient time for handover and service provision. In this case, it may lead to the Ping-Pong effect and the unstable services instead of providing any performance gain. Thus, there is no need for UE to monitor the layers for the offloading purpose with the small cell coverage.
· In the operation, UE can either decide the subset of configured carriers for monitoring based on the mobility state, or be signalled by RRC message for (re)configuration of the monitored carriers. 
Based on the above analysis, a requirement can be defined based on the type of frequency layer: 

1. Coverage Layer with the normal requirements: the frequency layer has coverage cells only

2. Offload Layer with the relaxed requirements: the frequency layer has offloading cells only

3. Mixed Layer with the conditional requirements: the frequency layer has both offloading cells (small cells) and the coverage cells (macro cells).
Further, according to the serving cell signal quality or the mobility state, UE can further decide which types of layers should be monitored since the measurements on all the layers are not necessarily to be equally critical in this case. For example:
· If the UE link with the serving cell is not good or the UE is a high speed UE, the measurements on the coverage layers and/or mixed layers with the normal requirement should be applied whereas the offloading layers can be ignored or deprioritised. 

· If the UE link with the serving cell is good and the UE is not a high speed UE, the measurements on the offloading/mixed layers with the relaxed delay requirement can be considered in addition to the coverage layer with the normal requirements.
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/offloading performance if a subset of frequency layers is prioritized based on the carrier type, the serving cell quality and/or the UE moving speed. 

Proposal 1: Carrier prioritization can be based on the network deployment information (e.g., carrier type), UE channel quality (e.g., S-measure criteria) and UE mobility state (e.g., high or low).

Here is an example for frequency prioritization, based on the carrier type, 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 with the requirements corresponding to the type of the frequency layer.
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 offloading and mixed frequency layers
The actions for UE are further summarized as below:
Table 1: Carrier prioritization and UE cell search behaviour
	Condition 1
	Condition 2
	Condition 3
	UE action

	False
	Any
	Any
	Monitor all layers and meet the requirement for each layer respectively.

	True
	Any
	True
	Prioritize coverage and mixed frequency layers and ignore others.

	True
	True
	Any
	Prioritize coverage and mixed frequency layers and ignore others.

	True
	False
	False
	Prioritize offloading and mixed frequency layers


To support the carrier prioritization, the following proposals are needed to supporting practical operation:
Proposal 2: Indicate the carrier type within the measurement object, i.e., coverage, offloading or mixed. 
Proposal 3: Either use s-Measure or agree on a new threshold for evaluation of the serving cell strength to apply UE specific carrier prioritization  

Proposal 4: Either RRC message or UE autonomous decision based on mobility state and criteria to apply UE specific carrier 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.

2.2
Setting of Different Delay Requirements per Layer   
As discussed above, different types of layers can be applied with different delay requirements. And a coverage layer may have more stringent requirements (the less delay) than the one for the offloading layer. This is different from the requirement setting for the legacy case where the equal requirements for all layers are assumed.
In RRC connected mode, it is challenging for UE to schedule measurements for the monitored layers with the different delay requirements while the same amount of time resources are shared among the layers for measurements. In this section we discussed how simultaneous configuration of different requirements on different layers can be supported while keeping the overall performance under control.  
The example below illustrates the difference between the legacy behaviour and one possible way of having different requirements on different frequencies.

Supposing a scenario given as below: 
· Number of configured frequencies (
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· Frequency f1 is a coverage frequency layer with the normal requirement and f2 and f3 are offloading frequencies with the relaxed requirement.
· Say the cell identification delay requirement with only 1 frequency layer is T seconds
In the legacy method following equation 1 as specified in TS36.133, the cell identification delay requirement is 3T seconds for each frequency layer regardless of the frequency type.
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However, with the different delay requirement per layer based on carrier prioritization, the delay requirement for the ith carrier can be defined according to equation (2) as shown below:
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Where 
· k: The relaxation factor per frequency layer or per frequency type. And 0<k<=1, If k=0, it means that this carrier is not required for monitoring.
· 
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: The effective number of frequency layers. It can be calculated by summarizing k factor of each layer or be signalled by the network according to the pre-defined performance target. In addition, it is interesting to note:
· If 
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, almost all the measurement gaps for inter-frequency cell search are used.
· If
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, there are some unused measurement gaps for UE power saving.

Essentially, 
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 is used to control the overall performance and k factor is to control the performance of the specific carrier. 
Compared to the legacy delay requirement for frequency layer i, the term 
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 (i.e., T) will be scaled by a factor of 
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 to achieve different scaling in RRM requirements for each carrier (type).

For the abovementioned scenario, let’s define k =1 for f1 with the normal requirements and k = 0.5 for f2 and f3 with the relaxed requirements. Supposing 
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 is a sum of k factors, then: 
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Accordingly, the detection and measurement delay requirements can be scaled differently for different frequencies as summarized in table 2.
Table 2: legacy method vs. proposed method for the carriers with different requirements.
	Frequency layer
	Delay requirement scaled by 
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	Delay requirement scaled by 
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(Proposed Method )



	f1 ( k =1) with normal requirement
	3T
	2T

	f2 ( k =0.5) with relaxed requirement
	3T
	4T

	f3 ( k =0.5) with relaxed requirement
	3T
	4T


Additionally, as mentioned above, 
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 could be specified independent of k factor setting. For example, if the 
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 is set 3 in this case, then f1 = 3T, f2 = 6T and f3 =6T. In this case, it allows the relaxed requirements with the unused measurement gaps for power saving. So in general 
[image: image17.wmf]effective

freq

N

_

 and k factor can be set either dependently or independently according to the need of network operation.

Proposal 5: The scaling method based on 
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and k factor can be adopted for deriving the carrier specific requirement
For implementation and requirement setting, k factor can be set in the following ways:

Option 1: k is indicated per frequency layer, i.e. different delay requirements can be configured for each frequency 
· For example, up to 13 frequencies can be configured with k factor setting for each layer respectively.
Option 2: frequency type per frequency implicitly indicates k factor. A frequency type is linked to a static set of RRM requirements. In this case, the number of frequency types and the corresponding requirement sets can be limited.
· 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 purpose ( based on serving cell condition/ mobility )

“Mixed” is mapped to k = 0.5, when measured for offloading purpose (based on serving cell condition/ mobility)

In this case, 
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 is depending on the k factor setting per carrier and the number of carriers.
Option 3: k value for the carrier with the relaxed requirements can be derived according to equation (3) based on the number of effective carriers (i.e.,
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) and the number of carriers applied with the normal requirements (i.e.,
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), supposing k=1 for the frequency layer with the normal requirements.
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In this case, the same k factor is set for all layers applied with the relaxed requirement, and is derived based on  
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It is worth of noting that not all k values are valid. Actually, the valid k values may need to be further studied based on the performance evaluation, taking into account the following factors:

· The number of configured carriers for monitoring
· The number of carriers applied with the normal requirements

· The effect of the achieved measurement intervals in each frequency layer on AGC tuning.
Proposal 6: Option 2 or 3 for deriving k factor based on the carrier type is slightly preferred. 
Proposal 7: Two types of requirements can be specified: the normal requirements the relaxed requirements.

Proposal 8: Three carrier types can be specified: coverage, offloading and mixed.
To ensure the valid configuration and combinations for 
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 and k factors, the following table may need to be specified in TS36.133, where 
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defines the number of carriers applied with the normal requirements within the configured total 
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carriers. It should be noted that too small k value may lead to the unacceptable delay performance and/or obsolete information for AGC setting and maintenance. So the valid k values, 
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 should be carefully evaluated and specified. 
Table 3: Example for the table with valid configurations for k values, 
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	8
	3
	5 (k=0.4),6(k=0.6),7(k=0.8),8(k=1)

	8
	4
	6(k=0.5),7(k=0.75),8(k=1)

	…
	…
	…

	13
	3
	8(k=0.5)


Proposal 9: The valid configuration for the parameters should be defined in TS36.133 based on the performance evaluation, taking into account also the gaps needed for setting and maintaining the AGC value.
3
Conclusion
To enable efficient monitoring of increased number of frequency layers, we make the following observations and proposals. 
Observation 1: With increased number of frequencies configured for measurements, it is beneficial for mobility/offloading performance if a subset of frequency layers is prioritized based on the carrier type, the serving cell quality and/or the UE moving speed. 

Proposal 1: Carrier prioritization can be based on the network deployment information (e.g., carrier type), UE channel quality (e.g., S-measure criteria) and UE mobility state (e.g., high or low).

Proposal 2: Indicate the carrier type within the measurement object, i.e., coverage, offloading or mixed. 
Proposal 3: Either use s-Measure or agree on a new threshold for evaluation of the serving cell strength to apply UE specific carrier prioritization  

Proposal 4: Either RRC message or UE autonomous decision based on mobility state and criteria to apply UE specific carrier prioritization

Proposal 5: The scaling method based on 
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and k factor can be adopted for deriving the carrier specific requirement
Proposal 6: Option 2 or 3 for deriving k factor based on the carrier type is slightly preferred. 

Proposal 7: Two types of requirements can be specified: the normal requirements the relaxed requirements.

Proposal 8: Three carrier types can be specified: coverage, offloading and mixed.
Proposal 9: The valid configuration for the parameters should be defined in TS36.133 based on the performance evaluation, taking into account also the gaps needed for setting and maintaining the AGC value.
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