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1 Introduction
In RAN#62, the work item on inter-eNB CoMP for LTE was approved [1]. According to the WID, the objective of the RAN1 is to indentify signalling of information for inter-eNB CoMP that needs to be specified in RAN3. Example of information for inter-eNB CoMP is given as follows:
· One or more sets of CSI reports (RI, PMI, CQI) of individual UEs
· One or more measurement reports (RSRP) of individual UEs 
· SRS received power of individual UEs
· User perceived throughput of individual UEs (see TR 36.814 as a reference)

· Resource utilization per cell 
· PF metric of individual UEs

· Enhanced RNTP-type information in frequency/time/power/spatial domain

· Enhanced ABS information in power and spatial domain

· QCI
· Indication of resource coordination result or resource coordination request
· Resource allocation in frequency/time/power/spatial domain

· Used configurations of reference signals, CSI processes and CSI-IM configurations
· Indication of coordination result or coordination request for reference signal configurations, CSI processes and CSI-IM configurations
This contribution evaluates performance of coordinated scheduling schemes according to information available in the eNB for SCE scenario 2a with non-ideal backhaul.
2 Coordinated scheduling schemes
During discussion on the study item phase, performance of different CoMP schemes were evaluated and it was shown that coordinated scheduling and/or beamforming (CS/CB) can provide a performance gain in case of high RU and low-to-medium backhaul latency [3]. In this contribution, in order to evaluate the performance gain of coordination according to the information for inter-eNB CoMP available in the eNB, two coordinated scheduling methods are considered as follows:
Scheme-1: Coordinated scheduling with one-way information exchange
One way of operating coordinated scheduling with one-way information exchange is to have a victim cell send out information for inter-eNB CoMP (e.g. interference level) caused by interfering cells. Upon receiving the information for CoMP, the interfering cells can schedule their UEs taking into account the information from the victim cell. Therefore, each eNB can operate coordinated scheduling with one-way information signalling. One example of coordinated scheduling with one-way exchange of information is described as:
· Operation in a victim eNB
· The eNB decides CoMP UEs and configures multiple CSI processes to the UEs

· The eNB performs UE scheduling based on the measurement reports

· If the CoMP UE is scheduled, information for coordination, such as enhanced RNTP-type information, is forwarded to the interfering eNB of the UE

· Operation in a interfering eNB
· If the eNB receives CoMP information from the victim eNB, the eNB performs UE scheduling taking into account the information from the victim eNB
· Otherwise, the eNB performs UE scheduling based on the measurement reports 
In this scheme, the victim eNB cannot estimate the amount of interferences from neighbouring eNBs after coordination. Therefore, additional adaptation process (e.g. MCS re-selection) to meet the link performance for the given interference condition cannot be properly supported.
Scheme-2 : Coordinated scheduling with two-way information exchange
Coordinated scheduling with two-way information exchange is similar to Scheme-1 except that the coordination results are forwarded to individual eNB in coordination area. Upon receiving the coordination result, the eNB performs UE scheduling on the allocated wireless resources and link adaptation to meet the link performance for the given interference condition and the most recent CSI. The detail procedure of coordinated scheduling with two-way information is described as follows:
· Operation in the resource coordinator
· The resource coordinator collects information for inter-eNB CoMP and processes coordinated scheduling to allocate wireless resources for eNBs in coordination area

· The coordination results are forwarded to eNBs in coordination area

· Operation in a eNB after receiving results of coordination
· The eNB checks based on the result of coordination which wireless resource will be used for each of eNBs in coordination area at a given time

· The eNB performs UE scheduling and link adaptation with the most recent CSI to meet the link performance for the given interference condition
Figure 1 shows the exchange of CoMP information of multiples cells for coordinated scheduling
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Figure 1: Coordinated scheduling with two-way signalling
3 Performance evaluation
In order to evaluate performance of coordinated scheduling schemes, 5% and average UPT performance of Scheme-1 and Scheme-2 are compared with the reference scheme, respectively. 5ms backhaul latency and 60% RU in densely deployed SCE scenario 2a are used for evaluation. For the reference scheme, no coordination among small eNBs in macro area is considered.
3.1 Evaluation results according to inter-eNB CoMP schemes

From the results, it can be observed that the performance gain differs significantly depending on the coordinated scheduling schemes. Although all two coordination schemes utilize UE scheduling with consideration of the information from interfering eNBs, Scheme-1 shows the worst performance. Such performance difference occurs due to the following two reasons:
· Inaccurate coordination in the eNB: 
Since the information received from interfering eNBs may be different from each other, decision for coordination in each eNB cannot be made properly. In other words, since each CoMP UE of different eNBs may have different interfering cells, different interference information is utilized for coordinated scheduling in each eNB. 
· Lack of additional adaptation step in the eNB after decision resource allocation:

Without the coordination results, additional adaptation step (e.g. MCS re-selection, UE re-scheduling) cannot be made in the eNB even if coordination is properly done. For example, although all eNBs decides to be mute to help out an eNB, the eNB might not be able to benefit from such a decision. The reason for this is because the eNB does not have the knowledge that neighbouring eNBs have turned off their transmission power. And since the eNB does not have this knowledge, it cannot increase the MCS level of its downlink transmissions to take full benefit. In other words, although Scheme-1 tries to improve the performance by applying coordinated scheduling based on the information from neighbouring eNBs, the benefit of coordination could not be fully obtained because additional process to adapt the given interference condition could not be made due to the lack of coordination results in the eNB.
On the other hand, Scheme-2 tries to improve the system performance by not only performing the additional link adaptation step but also a new UE selection based on the latest measurement reports and the result of resource allocation on interfering eNBs. In short, with the coordination results, each eNB performs UE selection to pick the best UE for scheduling and additional link adaptation to meet the link performance for the given interference condition by taking into account of resource allocation of neighbouring eNBs.
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Figure 1 UPT gain over non-CoMP scheme according to CoMP schemes
3.2 Evaluation results according to update periodicity of coordination result

To compare the impacts on the CoMP performance according to the update periodicity of the indication of coordination results, 5% and average UPT performance with {1, 5, 10}ms update periods for Scheme-2 are compared with the intra-site CoMP scheme, respectively. For 1ms and 5ms update periodicities, similar performance is observed since decision of resource allocation in resource coordinator and UE scheduling in the eNB does not change significantly. Although performance of Scheme-2 with 10ms update period is slightly degraded because of the longer latency of the resource coordination and inaccurate coordination, it is observed that the Scheme-2 still shows better performance than Scheme-1.
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Figure 2 UPT gain over non-CoMP scheme according to update periods
Observation:
· The performance gain obtained from coordination differs significantly depending on the CoMP information available in each eNB
· It is observed that the meaningful CoMP gains are achieved when the coordination result is available in the eNB, by performing additional link adaptation and UE scheduling at the eNB based on the result of resource allocation on neighboring eNBs.
· It is also observed that update periods have a marginal impact on the performance of coordinated scheduling.
4 Conclusions

In this contribution, we provided the evaluation results of coordinated scheduling for SCE scenario. From the results, it is observed that
· The performance gain obtained from coordination differs significantly depending on the CoMP information available in each eNB
· It is observed that the meaningful CoMP gains are achieved when the coordination result is available in the eNB, by performing additional link adaptation and UE scheduling at the eNB based on the result of resource allocation on neighboring eNBs.
· It is also observed that update periods have a marginal impact on the performance of coordinated scheduling.
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