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1. Introduction
A WI on increasing the number of frequency layers a UE should perform measurements on was agreed in [1]. In RAN4#70 some of high level agreements such as the maximum number of carriers to be monitored was agreed. The details on how to define the actual delay requirements were briefly discussed and a WF listing different options was agreed in [2]. In this paper we discuss how to define the measurement delay requirements when the number of carriers to monitor is increased. 

2. Discussion
In the way forward agreed in [2] a list of options for how to define the requirements is captured. For E-UTRA, the options for idle and connected states are listed separately. In this paper we further analyze Option 4 which was also briefly presented in [3]. The basic concept of this proposal is to be able to have different requirements for different layers to enable maximum flexibility and a good trade-off between power consumption and mobility performance. Furthermore, the network would be able to control the measurement period/delay at least for the lower priority layers. 

We discuss more details of the proposals for the idle and connected states separately. The trade-offs between measurement/reselection delay and power consumption were already presented in [3] so they are not discussed here anymore.
2.1. Idle mode requirements
For idle mode, the current requirements are defined in terms of reselection time or the frequency that search has to be performed on each layer. 
For the higher priority search the UEs have to search each layer every 60s based on the current requirements. The requirements could be linearly scaled or a maximum reselection delay could be signaled by the network as in the example below.
Thigher_priority_search =min((60 * Nlayers), Tmax_higher_priority_search) seconds, where Tmax_higher_priority_search would be fixed or configured by the network. 

For normal search, the frequency layers could be split into 2 separate categories(higher priority and lower priority) and the reselection delays could be signaled by the network. The exact signaling details could be discussed further but the set of reselection delays should be minimized. For a better understanding we present an example below.
For the higher priority layers:
Cell identification time =min(Kcarrier * Tdetect,EUTRAN_Inter, Tmax_detect,EUTRAN_Inter_1) with Tmax_detect,EUTRAN_Inter_1 configured by the network. Possible values could have a range between 3x Tdetect,EUTRAN_Inter and 8x Tdetect,EUTRAN_Inter with some granularity. Tdetect,EUTRAN_Inter is the value that is currently defined in the specifications.
Cell evaluation period =min(Kcarrier * Tmeasure,EUTRAN_Inter, Tmax_measure,EUTRAN_Inter_1 ) with Tmax_measure,EUTRAN_Inter_1 configurable. Possible values could have a range between 3x Tmeasure,EUTRAN_Inter and 8x Tmeasure,EUTRAN_Inter  with some granularity. Tmeasure,EUTRAN_Inter is the value that is currently defined in the specifications.
For the lower priority layers: 
Cell identification time =min(Kcarrier * Tdetect,EUTRAN_Inter_low, Tmax_detect,EUTRAN_Inter_2) with Tdetect,EUTRAN_Inter_low defined in the specifications(e.g. 3x Tdetect,EUTRAN_Inter) and Tmax_detect,EUTRAN_Inter_2 configured by the network. Possible values could have a range between 3x Tdetect,EUTRAN_Inter_low and 8x Tdetect,EUTRAN_Inter_low with some granularity. 
Cell evaluation period =min(Kcarrier * Tmeasure,EUTRAN_Inter_low, Tmax_measure,EUTRAN_Inter_2 ) with Tmeasure,EUTRAN_Inter_low  defined in the specifications(e.g. 3x Tmeasure,EUTRAN_Inter)  and Tmax_measure,EUTRAN_Inter_2 configurable. Possible values could have a range between 3x Tmeasure,EUTRAN_Inter_low and 8x Tmeasure,EUTRAN_Inter_low  with some granularity. 

The definition seems rather complicated, however, the network would only have to signal a few parameters such as Tmax_detect,EUTRAN_Inter_1 , Tmax_measure,EUTRAN_Inter_1, Tmax_detect,EUTRAN_Inter_2 , Tmax_measure,EUTRAN_Inter_2 and the list with a different priority for each layer. If the above parameters are linear multiples of the identification/measurement times that are currently defined (like in the examples above) the design complexity will be greatly reduced and the number of bits needed for signalling will also be minimized. 
2.2. Connected mode requirements
A similar approach as for idle mode with separating different frequency layers based on priorities could be applied to connected mode. However, the measurement period scaling becomes more complicated because of the limited measurement time available during the measurement gaps. It should also be mentioned that a measurement gap is always needed for AGC adjustment when a layer hasn’t been measured for several tens of ms. This further imposes some limitations on how many layers can be measured in a certain amount of time. Setting a fixed upper limit on the measurement period like in the idle mode proposal is not possible because of the limitations explained above.
The current requirements are defined as follows:
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= 480x(480/60) = 3.84s /frequency layer = 96 measurement gaps
TMeasurement_Period _Inter_FDD = 480 * Nfreq ms = 480ms/layer = 12 measurement gaps
Due to the limited number of gaps, it would be difficult to decrease the number of gaps/layer that is needed. Thus, the current requirements could be maintained and applied to the higher priority layers. For the lower priority layers, the measurement delay could be further scaled down linearly in a similar fashion to the idle mode discussed in Section 2.1. The requirements could be described as follows:
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is the number of lower priority frequencies to be measured. 

TMeasurement_Period _Inter_FDD_low = Scaling_Factor*480 * Nfreq_low ms where Scaling_Factor is signalled by the network (same multiple used to derive 
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could be used) and Nfreq_low is the number of lower priority frequencies to be measured.

The above definitions are rather simple and the overhead could be minimized by signalling only the scaling factor if the same value is used for both cell identification time and measurement period. As in the case of idle mode, the design could be kept rather simple if the differences between the higher priority frequencies and the lower priority frequencies are integer multiples.
If higher priority measurements and lower priority measurements are simultaneously configured, the overall period (for both cell identification and measurement) will be the summation of the two. With the new requirements one high priority layer and one lower priority layer can be measured within the same time that one layer is measured based on the Rel.8 requirements. Hence, there would be no loss in mobility performance compared to legacy releases. If more lower priority layers are configured then the measurement delay of the higher priority layers would also be impacted. This kind of trade-off would depend on the measurement configuration.
3. Conclusion
In this paper we discussed how to define the measurement period requirements when the number of frequency layers to be monitored is increased. The proposals can be summarized as follows:
Idle mode:

· Define two priority groups 

· Set a maximum measurement delay for each group that can be signaled by the network
Connected mode: 
· Define two priority groups

· Maintain the current requirements for the high priority groups

· Define relaxed requirements for the lower priority layers by scaling the currently defined measurement periods

We also propose not to make any changes to the inter-RAT requirements at least in connected mode.
Reference

[1] RP-132061, “New work item on increasing the minimum number of carriers for UE monitoring in UTRA and E-UTRA”, Ericsson et al.  
[2] R4-141110, “Way forward on Increased Carrier Monitoring”, Ericsson et al. 
[3] R4-140568, “E-UTRA Requirements on Increasing the Number of Carriers to Monitor”, Qualcomm Inc.
1
2

_1456689326.unknown

_1456689347.unknown

_1456689453.unknown

_1456689461.unknown

_1456689313.unknown

_1444652402.unknown

