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1 Introduction

In last RAN4 meeting, how to defined the RRM requirement for increasing number of carriers UE monitor was discussed, the following options for E-UTRAN measurement were proposed and summarized in WF [1]: 

· Option 1 : Scale delay requirements according to number of carriers 
· Option 2 : Increase measurement activity to maintain existing delays ie performance with 5 UTRA carriers should be the same as performance with 2 UTRA carriers

· Option 3 : Requirement is scaled according to a rule (eg 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 5 : Explicitly signal delay requirements

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

· Option 7 : Modify gap patterns (MGL, MGRP) 

Also, based on agreed WF [1], the options were agreed to be narrowed down to following combinations for E-UTRAN measurement in IDLE and CONNECTED mode: 
· For E-UTRA RRC idle mode, option 3 or option 4, or option 3 and option 6 combined, or option 4 and option 6 combined shall be used to define the requirements

· For E-UTRA RRC connected state option 3 or option 4 shall be used to define the requirements

In this paper, we provide our consideration for above options and combinations to define the RRM requirements for increasing number of carriers UE monitored. 

2 Discussion
IDLE mode: 
Existing Inter-Frequency/Inter-RAT cell reselection requirements are defined for higher priority layers and lower/equal priority layers respectively:  

· Higher priority layers: Higher priority search every layer of higher priority at least every 60*Nlayers second. 

· Lower or equal priority layers: only serving cell signal strength (RSRP) or quality (RSRQ) is less than certain network configured threshold. All the requirements, i.e., detect, measure, evaluate (some of them for GSM, HRPD and CDMA1x) are scaled with the number of carriers configured by the network, i.e, Kcarrier. 

It can be observed requirements for both high priority and low/equal priority layers are scaled by the number of carriers but with different requirements (same for lower and equal). Such priority rank has been considered since REl-8 to give network enough design flexible to cover different deployment scenarios. In our understanding, the motivation of this WI is based on the concerns of limitation of number of layers rather than the limitation of number of priorities. Therefore, the existing 3 level priority rank could be maintained for increasing number of carriers, i.e., higher, equal and lower. Along with the number of carriers increasing, it is expected the network should be optimized to rank each layer according to its deployment demand, i.e., coverage or offloading. Therefore, option 6 could be achieved by carefully rank priority of layers. For option 3 and option 4, further optimization within same priority of layers especially for lower/equal priority is considered to balance the UE power consumption and network performance. However, in existing requirements, such aspects have been considered by introduced different DRX cycle. In existing requirements, in total 4 candidate DRX cycles were defined which e.g., cover range from 10 second to 1 minute for detecting a cell. In our understanding, considering the minimal specification change, introducing more DRX cycle option for IDLE mode could be considered to further optimize the balance between power consumption and network performance in the scenario with increasing number of carries. Therefore, 
Proposal 1: For E-UTRAN IDLE mode, the existing priority rank i.e., higher, equal, lower, with existing requirements can be reused (option 4).   If needed, more DRX cycle options, e.g., shorter than 0.32s, could be considered to further optimize the trade-off between UE power consumption and network performance. 
Connected mode

For connected mode, the existing inter-frequency/inter-RAT measurement requirements are defined based on gap-assistant measurement and requirements are scaled with the number of layers. One of proposed options, i.e., option 7 was extensively discussed in HetNet mobility enhancement and increasing number of carriers WI. According to WF [1], modify gap patterns will not be considered to define the requirements for E-UTRA connected mode. Therefore, the existing gap pattern will be considered for connected mode. 
By using existing gap pattern, the existing delay requirement which is linear scale with number of layers has required UE to perform measurement on one layer within one gap period. By introducing the non-linear scale, i.e., option 3, UE measurement density within one gap period will be increased. Considering the hard limitation of RF switching time and synchronization signal design, it is hardly possible for UE to perform more than one layer within one gap period assuming one searcher implementation. Therefore, in our understanding, by introducing option 3 for requirements, not only UE measurement power consumption but also the UE implementation will be greatly impacted, which is not desired. 

Option 4, defining different delay requirements for different layers, has been proposed similarly in [2] and other our papers for WI of HetNet mobility enhancement. Same approach could be used for increasing number of carriers. The approach in [2] was summarized considering the agreements in [1] as:
· Defining different cell detection requirements for different layers but maintaining the same measurement period and measurement accuracy requirements

· RAN4 asks RAN2 to introduce network signalling of this layer specific cell detection requirements. 

· The minimum requirement for non-DRX case could be defined based on existing inter-frequency cell detection requirement but assuming different minimum available time during 480ms. The minimum requirement for DRX case could be defined assuming certain relaxing factor for large DRX cycle length.

· RAN4 focus on the discussion on the acceptable level of relaxation for minimum cell detection requirements.  

Proposal 2: For E-UTRAN CONNECT mode, introducing different cell detection requirement for different layers, i.e., option 4 is preferred. 
3   Discussion

In this paper, we further investigate the options agreed in last RAN4 meeting about how to define RRM requirements for increasing number of carriers. Based on analysis, the preference of IDLE and CONNECT mode are provided: 
Proposal 1: For E-UTRAN IDLE mode, the existing priority rank i.e., higher, equal, lower with existing requirements can be reused (option 4).   If needed, more DRX cycle options, e.g., shorter than 0.32s, could be considered to further optimize the trade-off between UE power consumption and network performance. 

Proposal 2: For E-UTRAN CONNECT mode, introducing different cell detection requirement for different layers, i.e., option 4 is preferred. 
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