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Discussion and Decision
1      Introduction
During last few RAN2 meetings, there were active offline discussions on how to load balance idle mode UEs. The problem was addressed in a contribution co-sourced by multiple companies [1]. Indeed, many companies have agreed that the current load balancing scheme is very limited. It will be beneficial if the network can have more control to load-balance idle mode UEs to under-loaded cells and hence minimize the delay and signaling overhead.  
There are two key problems in the current idle mode UE load balancing scheme. First, if some small cells are under-loaded, there is no way for the network to move idle mode UEs to those under-loaded cells. Section 2.1 shows an example of the under-loading problem in multiple-frequency deployment and the challenges faced by the existing load balancing scheme. Another problem is when many closely located UEs attempt to go to connected mode at about the same time and hence overload the same cell. Section 2.2 shows an example of this overloading scenario. In section 2.3, we study the impact where load balancing scheme is applied on high speed UE. 
In section 2.4, we provide a summary and analysis of different proposed solutions and followed by a way forward proposal.  
2      Discussion
2.1     Case study A: Load balancing to under-loaded cells
Figure 1 shows a multiple-frequency deployment with macro and small cells. Assume green small cells labelled B and C are under-loaded. All other cells including macro cells and small cell A are overloaded. The network can potentially redistribute UE 1 to small cell C and UE 2 to small cell B. Based on the current load balancing scheme using broadcast priority in the system information, network can have the following configuration options:
Option 1: set frequency 2 priority > frequency 1 priority
In this option, UE 1 will reselect cell C and UE 2 will reselect cell D

Option 2: set frequency 3 priority > frequency 1 priority

In this option, UE 1 will reselect cell A and UE 2 will reselect cell B

Both options 1 and 2 cannot utilize small cell B and C simultaneously using the current broadcast frequency priority. Option 1 causes UE2 to move to macro D and option 2 causes UE1 to move to small cell A. Both outcomes are not optimally utilizing the under-loaded cells.   
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Figure 1: Multi-freq macro cells and small cells deployment
Observation 1: Current idle mode priority based reselection scheme has limitation to load-balance some under-loaded cells in multiple-frequency heterogeneous network. 
2.2     Case study B: Cell is Overloaded by closely located UEs  

Figure 2 shows many UEs are in the same area. Imagine you are in a football game; when the event finishes, everyone calls their friends and family to meet-up. Many co-located UEs attempt to go from idle mode to connected mode at about the same time. Assume frequency 1 is overloaded and the network wants to offload UE to other frequency layer (i.e. putting frequency 2 and 3 priority higher than frequency 1). If network prioritizes any of the frequencies when the UEs are idle (e.g. macro layer freq 1, small cell C freq 2 or small cell A freq3), all the UEs will tend to camp on the same frequency layer and hence overload the same cell. This can be caused by non perfect alignment of the small cells (in this case small cell A and C) or when one small cell is in low frequency, thus resulting in different signal quality. Ideally, distributing UEs across small cell A and C will be the best solution. With current broadcast frequency priority, UE cannot be uniformly distributed across multiple cells or frequencies.
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Figure 2: Co-located UEs at an event
Observation 2: Current idle mode priority based reselection scheme has limitation to load-balance closely located UEs to the same cell.

2.3     Case study C: Load-balancing of high-speed UEs 
Figure 3 shows different cell loading scenarios where cell specific load balancing scheme proposed in [2] is applied to high speed UEs. The cell reselection priorities indicated by the cell colours are assumed as follows: green (high) > blue (medium) > orange (low). Figure 3 (left) shows that each cell has a cell specific priority based on loading. The high speed UE reselects high priority cells as necessary when the UE moves across different cell areas. This results in frequent cell reselections. Also, this will lead to high UE power consumption as the UE will need to perform measurement. Similarly, Figure 3 (right) shows non-contiguous small-cell deployment where the UE ping-pongs between the macro and the small cell layers. The UE reselects the small cell because it has higher priority but is forced to fall back to macro quickly due to the lack of coverage. In this scenario, the same frequent cell reselection occurs as in the previous example. Thus, it seems reasonable to avoid applying the cell-specific load balancing scheme to high-speed UEs to reduce frequent cell reselections. 
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Figure 3: high speed UE in different cell loads
Observation 3: Cell specific load balancing should not apply to high speed UE.

2.4     Case study D: Load-balancing of different capabaility UEs
UEs with different capabilities should apply different cell reselection rules or priority. For example, MBMS UEs only reselect to cells that provide MBMS services. In case of CA and dual connectivity UEs, UEs do not need to camp on small cell for offloading because Scell can be configured to use small cells resource. If the UE camp on small cell, it can increase more signalling due to PCell change after UE goes to RRC_CONNECTED. Therefore, different load-balancing schemes should be used for different capability UEs.

Observation 4: Different load-balancing schemes should be used for different capability UEs.

2.5     Existing load balancing options
Current load balancing options are:

· Option1: Cell reselection using system information broadcast

· Network broadcasts the cellReselectionPrirority in the system information. This specifies the absolute priority for each frequency. The UE will measure and reselect a cell with a higher frequency priority than its serving frequency if the minimum signal requirement is met. 
· However, above examples show the limitation of existing broadcast frequency priority

· Option2: Cell reselection with dedicated priority

· This can only be configured at the time the UE goes to idle. If the loading situation changes or mobile UE reselects another cell, network has to wait until the next time the UE enters connected mode before it can change the dedicated priority. 
· Option3: Cell-specific offset

· A cell-specific offset can be configured by the network to prioritize some cells over other cells. 

· The drawback of this option is that cell edge UEs may experience poor channel quality. 
· Option 4: Connected mode load balancing

· Network can perform load balancing when the UE is in connected mode.

· This introduces delay and increases the chances of handover failure.
Observation 5: Existing load balancing schemes are limited. 
2.6     Proposed load balancing solutions

· Cell specific priority [2]

· Network broadcasts the cell specific priority in addition to frequency priority. If the cell priority is higher than the current serving frequency priority, the UE reselects the specific cell. 

· This solution solves the under-loaded cell problem described in section 2.1    
· However, this solution cannot solve the overloaded-cell problem for closely located UEs described in section 2.2     
· Frequency priority with probabilities [3]

· Network broadcasts probabilities of each frequency (if it is a small cell layer, the same probability is used). UE generates random number and picks a freq according to the probability. 

· This solution solves the overloaded-cell problem described in section 2.2     
· However, this solution cannot solve the under-loaded cell problem addressed in section 2.1     
· Hash algorithm [4]

· Network indicates if hash algorithm is used in SIB5. The UE selects a carrier from all carriers based on the hash algorithm.
· This solution solves the overloaded cell problem described in section 2.2     
· However, this solution cannot solve the under-loaded cell problem described in section 2.1    
As described above, we observe limitations in the current Idle mode cell reselection procedure as also pointed out by other companies. However, among the proposed solutions, we observe that not all issues can be addressed and some solutions may create potential new issues, e.g. frequent inter-frequency measurement and cell reselection for high speed UE. As this is the last RAN2 meeting before Rel-12 Stage-3 completion, we propose that RAN2 discuss the possible way-forward listed below to address the Idle mode load balancing issues:

· Adopt a simple solution (e.g. solution proposed in [2]) in Rel-12 while acknowledging the limitations and areas of enhancements required for Rel-13, which would be used as input to define the scope of potential WI/SI in Rel-13.
· Defer the discussion and decision to Rel-13. RAN2 can summarize the current discussion and identified issues to be used as input to define the scope of potential WI/SI in Rel-13.
3      Conclusion
Observation 1: Current idle mode priority based reselection scheme has limitation to load-balance some under-loaded cells in multiple-frequency heterogeneous network. 

Observation 2: Current idle mode priority based reselection scheme has limitation to load-balance closely located UEs to the same cell.
Observation 3: Cell specific load balancing should not apply to high speed UE.

Observation 4: Therefore, different load-balancing schemes should be used for different capability UEs.
Observation 5: Existing load balancing schemes are limited. 
Proposal 1: we propose that RAN2 discuss the possible way-forward listed below to address the Idle mode load balancing issues:

· Adopt a simple solution (e.g. solution proposed in [2]) in Rel-12 while acknowledging the limitations and areas of enhancements required for Rel-13, which would be used as input to define the scope of potential WI/SI in Rel-13.

· Defer the discussion and decision to Rel-13. RAN2 can summarize the current discussion and identified issues to be used as input to define the scope of potential WI/SI in Rel-13.
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