
3GPP TSG RAN WG1 #74bis
R1-134854
Guangzhou, China, October 7–11, 2013
Agenda item:
7.2.9.1
Source: 
Samsung
Title: 
Evaluation results of coordinated scheduling for SCE scenario 1 with non-ideal backhaul
Document for:
Discussion and Decision
1 Introduction
This contribution presents evaluation results of coordinated scheduling in SCE scenario 1 with non-ideal backhaul defined in [1]. In this scenario, macro cell and small cells within intra-site macro area are coordinated to mitigate inter-cell interference. To realize a centralized coordination between macro cell and small cells, non-ideal backhaul required for sharing coordination information between different cells is considered. In order to investigate potential impacts of backhaul delay on the performance of coordination, this contribution evaluates performance of coordinated scheduling with non-ideal backhaul delays. 

2 Evaluation of coordinated scheduling with non-ideal backhaul
2.1 Evaluation assumptions
Coordinated scheduling scheme

As discussed in [2], a coordinated scheduling scheme which is operated in the following two steps could be a promising coordination method in SCE scenarios even in case of non-ideal backhaul:

Step 1: Resource coordination based on the shared CSI subject to backhaul latency
· The resources (R) allowed to assign UEs of each cell in the coordination area are determined in RBG level such as
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 denotes the optimal resource allocation of the N macro/small cells in the coordination area.
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is the sum of scheduling metrics of macro/small cells in the coordination area conditioned on the resource allocation corresponds to 
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Step 2: UE scheduling in each cell based on the latest CSI
· Each cell checks allocated resources based on the decision in the resource coordination step

· For the available resources, each cell conducts UE scheduling taking into account the resource allocation of the interfering cells and available CSI

Figure 1 shows the exchange of CSI information of multiples cells for the resource coordination.
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Figure 1: Sharing of CSIs of multiple cells subject to backhaul delay.
Non-ideal backhaul delay

Due to the CSI feedback delay (dCSI) from UE to serving cell and backhaul delay (dBH) from small cell to the resource coordinator, the resource coordinator at time t would utilize CSIs measured at time (t - dCSI - dBH) to determine the optimal resource allocation as described in Figure 2. Since the result of resource coordination at time t can only be distributed to the coordinated small cells after a backhaul delay, such resource coordination could be applied to UE scheduling at time t + dBH. Once a small cell has received resource coordination information, it can schedule UEs on the assigned resources. Note that at this point, each small cell can utilize the most recently updated CSIs for each UE. In other words, UE scheduling at time t + dBH is determined based on the result of resource coordination at time t and the latest CSI reported from UE at time t + dBH - dCSI. In short, the CSI timing relation for UE scheduling at time t + dBH can be summarized as:
· Resource coordination is done at time t based on CSIs measured at time (t - dCSI - dBH)

· UE scheduling is done at time t + dBH based on CSIs measured at time (t + dBH - dCSI)
Such timeline of resource coordination and UE scheduling subject to backhaul delay is shown in Figure 2.
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Figure 2: timeline for resource allocation and UE scheduling subject to backhaul delay
Based on the above discussion on the backhaul delay, information relating to the coordinated scheduling could be categorized as follows:

· Information categorization for coordinated scheduling
· Group 1 information: Allocated power per resource (including muting) determined based on delayed CSI

· Group 2 information: UE selection, precoding selection (including the number of transmit layers), MCS selection, and  HARQ process number

In order to observe the performance of the coordination based on the above coordinated scheduling scheme in SCE scenario 1, evaluation results were obtained for the agreed upon RAN1 simulation methodology on the following cases:
· 4 small cells in one cluster
· 6dB cell range expansion 
· 30% almost blank subframes (ABS)
· 2x2 cross-polarized antenna configuration
· CRS interference is modeled as additional white interference under the assumption of shifted CRS
· 6ms CSI feedback delay
2.2 Evaluation results

The reference scheme for performance comparison is intra-site coordinated scheduling between the 3 sectors of each macro eNB without resource coordination between small cells. On the other hand, for the target coordinated scheduling scheme, resource coordination is applied to both macro and small cells within 3 intra-site macro area. For both the reference and target schemes, cell association is based on the best RSRP with 6 dB cell range expansion for the small cells. 
The performance gains for {2, 5, 10, 30}ms backhaul delays are summarized in Figure 1, where the evaluated RU is 64%. It is observed that 40%, 34.59%, 30.57%, and 24.03% of 50% UPT gains are obtained for 2ms, 5ms, 10ms, and 30ms backhaul delay, respectively. Even in case of 30ms backhaul delay, coordinated scheduling for SCE scenario 1 provides significant UPT gains. Note that the impact of the latency introduced by the non-ideal backhaul has been minimized by utilizing the latest CSIs for UE scheduling and link adaptation. 
As the backhaul delay increases, the gain of coordinated scheduling decreases. Since the UE scheduling is done using the latest CSI at the eNB, the cause of the decrease in performance gain is due to the longer latency of the resource coordination..
In the evaluation results of Figure 1, a binary power control was assumed where one of the power levels is zero. It is expected that the performance of coordinated scheduling with non-ideal backhaul could be further increased by introducing multiple non-zero transmission power levels. With multiple non-zero transmission power levels, it is expected that the resource coordinator would have a larger degree of freedom in assigning wireless resources. One of the expected benefits would be that resource coordinator could assign a low transmission power level to a small cell instead of assigning no wireless resource at all. Such a feature would be especially beneficial for UEs which are very close to small cells such that significant data rate can be achieved even if the transmission power is low. The determination of transmission power levels for the small cells would be determined by the resource coordinator in the resource assignment process. Instead of maximizing the sum scheduling metric for binary transmission power levels, the resource coordinator would expand the search region to the additional transmission power levels.
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Figure 1: UPT gains of coordinated scheduling in SCE scenario 1 according to backhaul delays
Observation:
· In case of low backhaul delay, coordinated scheduling shows significant UPT gains
· Even in case of 30ms backhaul delay, coordination scheduling for SCE scenario 1 provides meaningful UPT gains.

· It is expected that more benefits of coordinated scheduling can be further exploited by including multiple non-zero transmission power levels in the resource assignment process
3 Conclusions

In this contribution, we provided the evaluation results of coordinated scheduling for SCE scenarios 1. From the results, it is observed that
· In case of low backhaul delay, coordinated scheduling shows significant UPT gains
· Even in case of 30ms backhaul delay, coordination scheduling for SCE scenario 1 provides meaningful UPT gains.

· It is expected that more benefits of coordinated scheduling can be further exploited by including multiple non-zero transmission power levels in the resource assignment process
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