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1. Introduction

This paper discusses the benefits of including the number of active UEs which require protection, in the resource status update message. 

2. Current RAN3 agreement

It was recently agreed to introduce in the resource status update message, exchanged over X2, a new IE called DL ABS Status IE that represents a resource usage indication allocated to the UEs protected by ABSs of a neighbor cell. In particular, when time-domain ICIC is used between a macro cell and a pico cell, the pico cell reports DL ABS Status to the macro cell, so that the macro can determine whether the pico needs additional protected resources, e.g. because its protected resources are highly overloaded, or vice-versa. For example, the following algorithm can be used to dertermin the amount of protected resource by ABS:

a) If the pico protected resources are lightly loaded, macro may (depending on its own load or other considerations) decrease the number of ABSs, thus correspondingly decreasing the number of protected resources available to the pico users strongly interfered by the macro;
b) If the pico protected resources are heavily loaded, while the macro is lightly loaded, macro may increase the number of ABSs so as to provide more protected resources to the pico;
c) If the pico protected resources are heavily loaded, and the macro is also heavily loaded , it’s not clear whether macro should increase, decrease, or retain the current number of ABSs.

In scenario c) above, additional information (beside resource utilization) may be taken into account while trying to achieve some network-wide optimality. 

3. Our proposal

In order to ensure some inter-node fairness between a macro and the picos taking advantage of the ABSs provided by the macro, it would be beneficial that the picos include some additional feedback information in the resource status update message. In particular, let’s consider this example: a heavily loaded macro cell serving many UEs with full-buffer traffic, and a pico in the coverage area of the macro cell with a single full-buffer UE being strongly interfered by the macro. In this case, although the macro gets informed – through the resource status update messages – that the pico’s protected resource is heavily loaded, it has no knowledge that only one of the pico UEs needs the protected resources. In such a case, without any additional information, most likely macro may decide not to reduce the number of ABSs that it is providing to the pico. In this example, it is clear that the approach is not completely fair, since the pico UE may benefit from a much higher number of resources with respect to the macro UEs – the reason being that the number of active UEs is not taken into account when deciding the amount of resources to be protected. 

We could identify the following few approaches that may be undertaken to address the scenario highlighted in the above example i.e. when the pico reports a high load on the protected resources and the macro is also overloaded:

i. Macro sets a fixed proportion of subframes to be ABS, this fixed amount being for instance OA&M defined.
ii. Macro keeps the latest number of ABSs that it provided when the pico was reporting lower resource utilization. Namely, as long as the condition above holds (namely, both macro and pico restricted resources are overloaded), number of ABSs is never changed.

iii. Macro considers some additional “local” information, e.g., number of active macro users, to determine whether to change the current number of ABSs.

iv. Pico reports the number of active UEs (exemplary definitions are given in the next two sections) which needs to be protected, and macro uses this information along with any other similar local information at the macro cell to determine the optimal (from an inter-cell fairness perspective) number of ABSs.

We foresee that all the above approaches, except (iv), ignore the inter-cell fairness and therefore may incur a severe performance penalty in many realistic scenarios.

If the number of active users needing protection is also reported by the pico to the macro, for instance together with the already agreed DL ABS Status, it could be used at the macro side to enforce some inter-cell fairness. For instance, in the example where both macro and pico protected resources are overloaded, macro may compare number of pico active UEs using protected resources with the overall number of active macro UEs, and decide how many resources to protect accordingly. One possible approach could be to equalize the average number of resources per UE for both macro and pico (equal resources approach). Other approaches to achieve fairness can also be pursued. To summarize, availability of this additional information (i.e. number of active users requiring protection) provided by pico to macro(s) seems important and such a scheme may offer significant benefits over any other scheme where this information is not provided.
4. Option A
The current Layer 2 measurements specification (TS 36.314) provides a definition to determine the number of active UEs and a possible approach may be to use this definition to determine the number of active UEs to be reported in the resource status update message. However, such an approach does not satisfactorily address the inter-cell fairness. In fact, only users that are strongly interfered by one or more macros and “need” to be scheduled on protected resources should be accounted for when inter-cell fairness is enforced. Clearly, if a UE is not strongly interfered by any of the macros, there is no (or limited) benefit in scheduling such a UE on protected resources, and even if the pico scheduler decides to do so, such a UE shouldn’t be counted for reporting in the resource status update message.

Based on the above considerations, we propose to define the “number of active UEs strongly interfered by the macro” re-using as much as possible the Layer 2 measurement definition in Section 4.1.3.1 of TS 36.314. In particular, 
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in the equation used to compute the number of active UEs should only count the UEs strongly interfered by the macro which therefore need to be scheduled on the protected resources. Note that the definition of “strongly interfered” shall be in line with the new DL ABS Status IE recently agreed, which relies on the same definition.
5. Option B

We point out that the above definition (as indicated in Option A) of active UEs doesn’t consider large traffic inbalances among UEs, which would be important to take into account for inter-cell fairness. Consider this example: Besides some UEs that do not require special protection, a pico has two UEs strongly interfered by a macro, one with full buffer DL traffic and the other one with a very low rate, low duty cycle kind of traffic. The reported resource utilization turns out to be 100% (because of the full-buffer UE requiring protection) and although in principle two active UEs need protection, in practice only the performance of the full-buffer UE is limited by the amount of ABSs provided by the macro.Therefore, only the full-buffer UE will benefit from having more resources. Hence, to ensure a better inter-cell fairness, pico cell should only report one active UE in the protected resources in this case. 
In another example, let us consider several delay-sensitive UEs attached to a pico and strongly interfered by a macro, with strict QoS requirements (in terms of maximum delay). Assume that some of them don’t achieve the required QoS, while the others do. In this case, only the UEs not achieving the required QoS should be counted by the pico for reporting in  the X2 resource status update message. In fact, strongly interfered UEs already achieving their QoS with the current amount of protected resources may not benefit from an increase of protected resources (unless their required QoS changes, or the total offered load from strongly interfered UEs increases).
Based on the above considerations, we propose a new definition where, in order for a UE to be counted as an “active protected UE”, if a UE “Number of the UEs that needs resources protected by ABS from strong inter-cell interference, and whose DL performance and/or QoS is limited by the current amount of protected resources”. According to this general definition, the eNB needs to evaluate which UEs are limited by strong interference and the amount of currently available protected resources, and determine the number of active UEs accordingly. 
Note that the number of active UE can be used even when the pico or macro cell is not highly loaded, but some critical QoS is not met. Although the load on the protected resources is light, this doesn’t necessarily entail that all UEs achieve their QoS. In fact, let’s consider a UE with a highly bursty traffic, but with very strict delay constraints. Although the offered traffic may be low enough to be scheduled on the available protected resources (perhaps leaving most of them unused in a measurement window), still the delay requirement may not be achieved because of the sparsity of the protected resources, which entails an increased packet delay. In this example, the interfering node may decide to increase the number of protected resources notwithstanding the corresponding DL ABS Status report that may indicate a low usage of the protected resources.
5. Conclusions

We proposed to include additional information in the resource status update message, besides the protected resource utilization, to account for the number of active UEs that need protection. We discussed why such information may be beneficial in a macro-pico network, and presented two exemplary definitions for this proposed new IE.
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