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1. Introduction
In previous meetings some operators raised the need to increase the number of layers a UE can monitor as a result in the increase in the number of frequency layers that operators use. In order to continue the discussion and find some solutions, a new WI on increasing the number of frequency layers a UE should perform measurements on was agreed in [1]. In this paper we discuss how to modify existing measurement/introduce new requirements for these scenarios. 

2. Discussion
2.1. Objectives and current requirements

The main objectives of the WI agreed in [1] on increasing the UE monitoring layer capabilities can be summarized as follows:

· Increase the numbers of frequency layers a UE can monitor up to 8 for E-UTRA (up to 5 for UTRA)

· Work should cover both active and idle states

· The solution shall not worsen existing RRM requirements (e.g., timing) and power consumption in the UE when using the number of carriers/cells a UE can monitor in the existing specification
The current requirements have been analysed in previous papers [2], [3], a brief summary is given below:

· UEs have to monitor up to 3 inter-frequency layers
· Based on the WI an increase up to 8 is needed

· The measurement delay requirements scale linearly with the number of carriers

· Rule applies for both idle mode and connected mode

This paper discusses how to define the requirements from an E-UTRA perspective. Both RRC connected and RRC idle states will be discussed below. The subsequent analysis is based on the assumption that the power consumption to measure one cell on a certain frequency is constant. As such, if the measurement activity is increased (e.g. measuring more frequency layer in the same time unit) the power consumption will increase linearly with the extra amount of measurement needed.
2.2. How to define new requirements
Some possible ways to define new requirements were already explored in [3], [4]. So far all the proposals revolve around the trade-off between the measurement delay(translating to re-selection or HO delay or mobility performance) and the power consumption increase. Finding a good balance between these two will most likely be the main discussion point during this WI. Possible options are discussed below.
Option 1
The simplest option is to maintain the current rule of scaling the measurement delays(cell identification and RSRP/RSRQ measurements) with the number of frequency layers Nfreq. This option would be the simplest from a specification (no changes needed to the measurement requirements other than increasing the number of layers and no new needed signaling) and power consumption point of view, however, mobility performance could be affected when the number of layers is high. A brief analysis from a system point of view was shown in [3]. If the number of layers is increased beyond 5, the cell identification and measurement delays would become too long and the outage probability would increase. This option is applicable for both idle and connected modes in the same way.

From this rather simple analysis it seems that other options with better system performance should also be explored.

Option 2
Another option that was briefly introduced in [4] is to cap the reselection and measurement delays beyond a certain number of frequency layers. The delays could be linearly scaled up to a number of frequencies(e.g. 4 or 5) beyond which the delays would be kept constant and the UE would have to perform measurements more often. This option could offer a relatively good trade-off between power consumption and mobility performance with a relatively low specification impact. The maximum measurement delay could be fixed in the RAN4 specifications or configurable through RRC signaling (network could signal the maximum delay). If the maximum delay is configurable by RRC signaling then the network would have control over the delay vs. number of layers trade-off and could limit the power consumption impact. As stated in [4], the power consumption is expected to scale linearly with the measurement period/layer.
This option can also be applied to both idle and connected modes, however, some further analysis would be needed for connected mode due to the limited number of measurement occasions during the measurement gaps. This would impose a hard limit on the number of frequency layers that can be measured in a given amount of time (maximum delay).

The measurement requirements for idle mode could be defined like this:
Thigher_priority_search =min((60 * Nlayers), Tmax_higher_priority_search) seconds, where Tmax_higher_priority_search would be fixed or configured by the network. In the case where Tmax_higher_priority_search is lower than (60 * Nlayers) the search time per layer would be Tmax_higher_priority_search/ Nlayers .The power consumption increase would depend on Tmax_higher_priority_search, e.g. would be about 33% higher if the UE would have to search 4 layers in 180ms(time for 3 layers in the current specs).

For lower priority layers the requirements could be defined in a similar fashion:

Cell identification time =min(Kcarrier * Tdetect,EUTRAN_Inter, Tmax_detect,EUTRAN_Inter) with Tmax_detect,EUTRAN_Inter configured by the network

Cell evaluation period =min(Kcarrier * Tmeasure,EUTRAN_Inter, Tmax_measure,EUTRAN_Inter ) with Tmax_measure,EUTRAN_Inter configurable.

As the lower layer priority are critical for mobility it would of course be possible to scale linearly with the number of layers the re-selection time to higher priority layers and impose a maximum identification/evaluation time on for the lower priority layer measurements.

The changes for the connected mode requirements would look very similar to what was shown above for idle mode. Also, careful consideration should be taken for the connected mode DRX case where the power consumption aspect will be more critical than the connected mode.
Option 3 

Another option would be to set different delay requirements (measurement priorities) for different frequency layers. Different measurement delays could be defined for each priority tier and the network could configure a different priority for each frequency layer the UE would have to monitor. The current requirements could be maintained for the highest priority tier and some relaxed requirements could be defined for the 2nd priority tier. This option would give more configuration options for the network while maintaining a good power consumption/mobility performance balance. This option could be further combined with option 2 by imposing an upper limit on the measurement delay for the highest priority tier. This way the mobility performance could be ensured even in some extreme cases such as high speed UEs operating in networks with many frequency layers. This option offers most scalability and allows the addition of more layers to search without compromising mobility performance or battery life.
Since some priorities are already defined for idle mode (the frequency list contains higher priority layers and lower priority layers), this option is more applicable to connected mode. 

It should be noted that this option implies the biggest changes to the current specifications and new RRC signaling will be needed. New requirements for the lower priority tiers would have to be defined and RAN2 has to define the signaling mechanism to differentiate between the tiers. The definition of the requirements would be similar to option 2, however, there would be different requirements for each priority tier.
As with option 2, it should be analyzed how much more the measurement activity can be increased in connected mode because the measurement time available during gaps is limited. For connected mode DRX the power consumption aspect becomes very important so the requirements should allow a good trade-off between mobility performance and power consumption increase.
Currently, the measurement requirements are broken into the cell identification delay and the RSRP/RSRQ measurement period. It would be possible to relax only one of these requirements(e.g. relax the cell identification delay while maintaining the RSRP/RSRQ measurement period), the possible advantage of such an approach should be further discussed for the lower priority tier.
3. Conclusion
In this paper we discussed possible options to define the requirements for the new WI on increasing the number of carriers a UE has to monitor. 3 options were introduced and some of the associated advantages, drawbacks and trade-offs were analyzed. We believe option 3 offers most configuration options while maintaining a good mobility performance/power consumption balance. Further analysis on how to define the actual parameters would be needed.
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