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1
Introduction
RAN2#90 meeting discussed several solutions for idle mode loading distribution, and the following agreements have been reached: 
	Agreements
1
Following Requirements can’t be met by existing cell reselection scheme:


1) It should be possible under network control to re-distribute among the different carriers a fraction of users currently camped on these carriers


4) It should be possible to control the load distribution among individual cells rather than only on a carrier level (for example the scenario that the macro cell in a co-channel Het-Net deployment and/or certain small cells on another carrier may be overloaded) 

2
Solution should be able to move fraction of the UEs from one cell to another cell
3
To  focus on solutions using e.g. per-cell parameter and/or reselection probabilities from RAN2#91 meeting




In this contribution, we will analyse the merits and demerits of some solutions proposed before and then give some proposals based on the discussion. 
2
Existing solutions 
2.1 Cell specific priority solution [1]
The solution of cell specific priority can redistribute the load in a cell level rather than in a carrier level. The UEs in RRC_IDLE can be moved from one cell to another cell.
However, if higher priority is configured for a cell, all UEs supporting this feature tend to select the higher priority cell to camp on, so this solution may result in over-load issues in the high priority cells. In other words, it is difficult to distribute a fraction of the UEs from one cell to another cell. Further, some UEs may reselect the cells in which the UEs have poor radio quality.
2.2 Cell specific priority with random threshold offset solution [2]
In this solution, UE generates a random offset value for a specific cell and uses the random offset and the existing reselection threshold (e.g., Thresh’X, HighQ ) to get the specific reselection threshold (e.g., Thresh’X, HighQ  + offset ) for this cell. After that, the UE uses the cell specific priority-based reselection rules and its specific reselection threshold to select to the highest priority cell in which the measurement result is  larger than the reselection threshold. The solution can achieve better distribution for idle mode UEs in the HetNet scenario. UEs camping on a macro cell and near the centre of a small cell which has higher priority than the macro cell would more possibly reselect to the small cell. With this solution, some UEs in a cell can be moved to another cell by the network controlling the range of the random offset. However, due to unawareness of the distribution of the UEs in the cell, it is difficult for the network to configure a proper value for the range to move a specific fraction of UEs.
2.3 Frequency/Cell specific priority with reselection probability solution [3]
In contribution [3], the UE reselects different carriers with different probabilities. Therefore, this solution can distribute a specific fraction of UEs supporting this feature to a specific carrier. In order to redistribute the load in a cell level, we can also reuse the mechanism to realize that the UE reselects different cells with different probabilities. 
However, in the HetNet scenario, UEs with good link quality in the macro cell and poor link quality in small cell probably reselect the small cell. For example, UEs at the edge of the small cell but close to the centre of macro cell may select to small cell according to the reselection probability. 
3
Potential issues and solutions

· Idle UEs load distribution considering UE capabilities
A UE communicates with the E-UTRAN according to its radio access capability, such as RF capabilities (e.g., single/dual radio, dual receiver) and other capabilities (e.g., MBMS, dual connectivity). Considering that different cells may provide different services, when a UE reselects a cell it is better that the capabilities of the UE match with the capabilities of the cell. For example, in case a UE supports dual connectivity it is beneficial for the UE to reselect a cell supporting DC. Therefore, UE capabilities could be considered when the UE performs cell reselection.

In order to realize that UEs with different capabilities reselect cells supporting the corresponding capabilities, different load balance parameters can be configured for a cell for different capabilities. For example, for a cell supporting DC, the UE supporting DC may be configured with a higher priority for this cell compared to the UE not supporting DC.

Proposal 1: Different load balance parameters for different capabilities can be configured for the same cell. 
· Load distribution based on UE Access Class(AC)/IMSI

If the serving cell wants to have a fraction of UEs to reselect another cell, one way is to configure all UEs selecting the specific cell with a configured probability. One way to implement this is that, a threshold can be configured in SIBs, and the UE can generate a pseudo random value and compares the random value with the configured threshold to decide if to select the specific cell. However, as analyzed in the contribution [4], the random value generation may not be testable. Another solution was proposed in [4] for generation of the random value, i.e., using the number of cell reselections. However, it is not clear if the number of cell reselections is really random from the system perspective.
As we know, each UE is configured with one random Access Class (AC) value in (0, 1,…, 9) and IMSI [5].  AC/IMSI values can be seen as random values from the network perspective. Therefore, it is possible to move a fraction of UEs with some specific AC/IMSI values from one cell to another cell. For example, the serving cell can broadcast the cell reselection information as shown in Fig.1. The UE with the AC values meeting the condition AC mod 3 =0 may reselect Cell 2 which has highest priority (P_Cell 2=5). The UE with the AC values meeting the condition  AC mod 3 = 1 may reselect Cell 1 which has the highest priority (P_Cell 1 = 5). The UE with the AC values meeting the condition AC mod 3 = 2 may not perform cell reselection and remains in the serving cell. In this way, it is possible for the network to control the load distribution in the cell level rather than only in the carrier level, and to move a fraction of the UEs from one cell to another cell. 
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Fig 1 UE Access Class based cell reselection

Proposal 2: The serving cell can configure different cell-specific priority configurations to UEs with different AC/IMSI values. In this way, the network can move a fraction of UEs with some specific AC/IMSI values from one cell to another cell. 
· Load distribution considering the signal conditions
As analyzed in section 2, the existing proposed solutions may have the UE reselecting a cell in which the UE has poor radio quality. To avoid this issue, it is beneficial for the UE to consider the radio quality of the source cell and the target cell before the UE reselects the target cell. 

To solve this issue, a UE with the AC/IMSI value meeting the cell reselection pre-condition can be seen as a candidate UE. The candidate UE can decide whether to reselect the target cell by comparing the radio qualities of the source cell and target cell, i.e., the following criteria can be applied for a candidate UE to reselect a target cell:
RSRP_t – RSRP_s > Threhold 
here, RSRP_t and  RSRP_s are the RSRP measurement results for the target cell and the source cell respectively. 
Proposal 3: The candidate UE can decide whether to reselect the target cell based on RSRP values of the source and target cell. 
4
Conclusion

The proposals in this contribution are listed as follows.

Proposal 1: Different load balance parameters for different UE capabilities can be configured for the same cell. 
Proposal 2: The serving cell can configure different cell-specific priority configuration to UEs with different AC/IMSI values. In this way, the network can move a fraction of UEs with some specific AC/IMSI values from one cell to another cell. 

Proposal 3: The candidate UE can decide whether to reselect the target cell based on RSRP values of the source and target cell. 
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