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Introduction
In RAN2#84, a joint contribution [1] was introduced by several companies. The discussions in [1] showed that the resetting of the reselection-priorities of current reselection mechanism [2][3]could cause ping-ponging load surge among the carriers. The existing priority based reselection mechanism is not suitable for the operators controlling idle UE redistribution for load balance.
On the other hand, in many deployment scenarios, non-contigious spectrum with multi-carriers of different bandwidth is involved, different areas maybe covered by different number of carriers of different bands. With the deployment of HetNets, several new scenarios have been introduced which show more needs of proactive idle load balance for efficient spectrum utilization. It is desirable to further investigate efficient solutions for idle UE redistribution. 
This document discusses the additional needs of idle UE redistribution for various scenarios in HetNets and the efficient solutions for both HetNets and macro only systems.

Discussion
2.1 New coverage scenarios and issues with HetNets


Figure 1 macro and small cell coverage scenarios in HetNets.
As shown in Figure 1, in HetNets macro cell layer(s) and small cell layer(s) may have the same or different frequency carriers. There can be multiple small cells of the same or different carrier frequencies overlaid with macro cell(s) of the same or different carriers. In conventional macro only system, different carriers are largely overlapped with each other as (F1 MC1 ; F2 MC2) shown in Figure 1. However, in HetNets, small cell coverages are only overlaid with part of the macro cell coverages. Different small cell of different carriers may be or in many cases may be not overlaid with each other. Different small cells of the same or different carriers may have different load condition, as a result they may have different load balance requirement relative to the macro cell carriers and other small cell carriers. Comparing with macro only systems, potentially there will be several problems:
1.   There can be ping-pong problems if there are multiple small cells of the same carrier overlaid with a different macro carrier and the load balance needs of the small cells can not be differentiated. For example in Figure 1, if SC2 is overloaded, SC1 and SC4 are under loaded, and the macro layer e.g. (F1, MC1) can only treat all the SC1, SC2 and SC4 the same as F3, then the instruction from the MC1 can only be offloading from F1 to F3 as the normal macro to small layer offload operation. If SC2 is overloaded and the operator sets the parameter at (F3, SC2) to offload to (F1, MC1), the idle UEs offload from overloaded (F3, SC2) to (F1, MC1) will be ping-ponging between SC2 and MC1 while they are in SC2 coverage.

2.   Since the coverage of a small cell only overlaps with small portion of the overlaid macro cell coverage, if they are treated the same as the fully overlapped macro cell carriers in the macro only system, the situation of lack offload to small cells can occur. For example in Figure 1, the macro only redistribution method assumes the carriers F1, F2, F3 and F4 are fully overlapped. Even the operator intends to instruct 100% of UEs being redistributed to F3 and F4 by setting 50% to F3 and 50% to F4 with 0% to F1 and 0% to F2, at the (F3, SC2) coverage, only 50% of idle UEs reselet to F3 with the 50% picked F4 stay with the macro layer. Similarly, only 50% of the UEs go to F4 under the SC3 coverage. As a result, only 50% of idle UEs go to the small cell layer rather than intended100%.

3.  In the case of small cells of different frequencies are also overlapped, we need to ensure the idle UEs are properly distributed across the overlaid small cells while prevent ping-pongs between the small cell layer and macro layer as well as among the small cells. For example in Figure 1, if both SC4 and SC5 are overloaded, we need to prevent the UEs offload from SC4 to the macro layer move to SC5 and vice versa.

In general, additional efforts need to be made to address the new issues in HetNet scenarios. In HetNets, normally the operators will configure the system to make UEs more likely or having high priority to reselect to the overlaid small cells such that the macro cell layer can offload as much as traffic to the small cell layer. It can be easily to get about 100% UE camping on overlaid small cell even with existing priority based method. Now one of the key issues is how to properly redistribute the UEs back to the macro layer when the small(s) is overloaded.
2.2 Proposed solutions for both macro only system and HetNets
2.2.1 The basic solutions for macro only systems
In order to address the issues raised in [1] and to conduct redistribution of idle users efficiently, we propose a probability based approach to use the broadcast instruction to redistribute the idle UEs. The network broadcasts the percentage of idle UEs to be redistributed to each carrier. When a UE received the re-distribution percentage instruction from the RAN, it will consider the percentage value as the probability of the reselection to the target carrier. The UE will then conduct a re-distribution test to determine the target carrier that has the highest priority.
When a re-distribution test is triggered, the UE first collects all the probability values in the SIB as shown in Figure 2. The UE determines the probability of stay a carrier based on the equation:                                                                                       

Psv+Pm1+Pm2+…+Pmn=1,  

Where Psv is the probability of staying with current serving carrier, Pm1, Pm2,…, Pmn are the probabilities to reselect to the macro carrier frequencies Fm1, Fm2,…, Fmn respectively.




Figure 2 Re-distribution test performed in a UE.
The UE randomly generates a value of uniform distribution over 0 to 1. The UE considers the frequency carrier associated to this value to be the highest priority as per Figure 2.  UE then performs normal the priority based reselection (to that carrier with the highest priority).  The UE considers this target carrier having the highest priority until the next re-distribution test.
Specifically, we propose to add a reselection probability (redistribution percentage) for each of the carrier listed in the SIB.  
When redistribution parameters are changed or a UE reselects to a new cell, a read of the SIB will be triggered. However, a SIB read can be triggered by other reasons such as other parameters change. Therefore, a SIB read alone can not be the only condition for triggering the re-distribution test. A re-distribution test control bit is added to the SIB and the control bit is toggled to indicate request the UE to perform re-distribution test.
To support the cell condition changes due to the UE mobility, whenever a UE reselected to a new cell, the re-distribution test is triggered if the control bit presents. 
Note that this new feature does not impact UEs receiving eMBMS service or UEs with dedicated priorities. With eMBMS, idle redistribution is even more critical. Onec the eMBMS is turned on at a carrier, the capacity in that carrier would be significantly reduced. We would need to redistribute the UEs to avoid congestion of the eMBMS carriers
With this broadcast probability based approach, operators can easily redistribute percentage of idle UEs camping on the serving carrier to the target carrier. The idle redistribution is performed efficiently with minimal signaling overhead and delay.
2.2.2 Further enhancement for HetNets
As is shown on section 2.1, small cells of different carrier frequencies are not fully overlapped with the umbrella macro cell(s). In majority of the cases small cell eNBs do not support multiple carriers for cost saving, as a result the small cells may not fully overlapped with each other. Therefore, it is more suitable to treat all the small cells overlaid with the macrocell as one small cell layer equavlent to a macro cell layer of a macro cell carrier. By doing this we could maintain the operations in general at a per carrier basis and minimize the complexity of the procedures and signaling overhead. The following are the proposed further enhancements on top of the basic redistribution solution described in section 2.2.1:
A common probability value is used for all the small cell layers.  The UE performs redistribution test by adding the common probability of all the small cell carriers. This requires that the network should also indicate which carriers are from the small cell layer.  
As shown in Figure 3, the UE first collects all the probability values in the SIB including the common probability of the small cell layer. The UE determines the probability of stay a carrier based on the equation:                                                                                       

Psv+Psm+Pm1+Pm2+…+Pmn=1,  

Where Psv is the probability of staying with current serving carrier, Psm is the probability to reselect to the small cell layer, Pm1, Pm2, …, Pmn are the probabilities to reselect to the macro carrier frequencies Fm1, Fm2,…, Fmn respectively.






Figure 3 Re-distribution test performed in a UE in HetNets.
If small cell layer is selected as the target, all the small cell frequencies (Fsm1, Fsm2, … Fsmk as shown in Figure 3) listed in the SIB are considered to be equally the highest priority.
In fact, the proposed solution for macro only system is more generic: it is for the carrier frequencies fully overlaid with the reference serving carrier frequency. The fully overlaid scenario normally occurs in the macro only system but it may also happen in HetNets when a small cell is the reference serving cell. The proposed solution for the small cell layer is also generic: it is for the carrier frequencies paritially overlaid with the reference serving carrier. The paritially overlaid scenario normally occurs when multiple small cells overlaid with the reference macro cell, but it may also happen in macro only system when the reference macro cell is overlaid partially with different cells of non-co-located carrier frequencies. Therefore, the proposed solutions are presented in terms of fully overlaid and partially overlaid carrier frequencies without loss of the effectiveness for addressing the issues in HetNets with macro and small cells. 
In order to avoid the ping-pong issue as discussed in section 2.1, after a reselection is completed, a UE considers its last serving cell to be the lowest priority in the UE’s local priority list even if the last serving frequency is the highest priority in the current serving cell. Only when the re-distribution test is triggered by the toggling of the re-distribuiton test bit, is the UE allowed to reselect back to its last serving cell.
Proposals: 
Proposal 1: RAN2 is kindly suggested to adopt the broadcast-probability based idle UE redistribution method for both macro only systems and HetNets.
2.3  Operation behaviours
2.3.2 Individual UE behavior


Figure 4 Individual UE behaviours during the redistribution with mobility.

Figure 4 shows an example of the behaviours of an individual UE:
T1: The UE is camping on the small cell Cx. The configuration at Cx is 100% stay with servng, at Ca F1 is 80% go to small cell F3, 20% stay.
T2: Cx overload is detected.
T3: Cx F3 sets 40% offload to F1 (Ca) and flips the probability test control bit in the SIB.
T4: re-distribution test at the UE is triggered by the re-distribution test control bit. The test selects F1 as the reselection target and set it to be the highest priority in the UE’s local priority list.
T5: The UE reselects to highest priority F1. Upon the completion of the reselection the UE set the last serving cell Cx to be the lowest priority and a probability test at the UE is triggered again. Based on the input from the SIB of F1 Ca, the UE selects the small cell layer F3 as its new target again with F3 being set as the highest priority in its local list. However it does not ping-pong back to F3Cx since Cx is the last serving cell.
T6: The UE camps on F1, physically moves out Cx coverage and moves into Cy coverage with small cell layer F3 to be the highest priority.
T7: The UE reselect to Cy as F3 Cy has the highest priority and Cy is not the last serving cell. 
Summary and proposal

This document discussed the needs to conduct idle UE redistribution for load balance and efficient spectrum utilization especially in HetNets. Efficient solutions with simple procedures and minimal signalling overhead for both macro only system and HetNets are introduced.
The proposed solutions can be summarised as follows:
1)  Broacast of probability factor for each carrier, a re-distribution test bit and a list of small cell carriers
2)  UE performs the re-distribution test when the re-distribution test bit is toggled or on a re-selecting to a new cell.  A re-distribution test provides a carrier as the highest priority.  
3)  Mark the previous cell as the lowest priority after a re-selection based on a re-distribution test.
It is desirable to enhance the reselection procedures to have a smooth distribution of the idle UEs among the multiple LTE carriers especially in HetNets. Therefore we propose:
Proposal 1: RAN2 is kindly suggested to adopt the broadcast-probability based idle UE redistribution method for both macro only systems and HetNets.
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