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1 Introduction
This contribution presents evaluation results of coordinated scheduling in CoMP scenario 2 with non-ideal backhaul defined in [1]. In this scenario, multiple macro eNBs are coordinated to mitigate inter-cell interference. To realize a centralized coordination between macro 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 consideration of different 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 CoMP scenario 2 even in case of non-ideal backhaul:

Step 1: Resource coordination based on the shared CSI and load information of multiple cells
· The resources 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 cells in the coordination area.
· 
[image: image3.wmf](

)

å

C

S

is the sum of scheduling metrics of macro 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 available resources to assign own UEs based on the decision in the resource coordination step

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

Figure 1 shows the exchange of CSI information of multiples cells for the resource coordination.
  
[image: image5.emf]Shared CSI and load information

Resource coordinator

UE CSI reporting  

UE CSI reporting  

Macro cell 1

Macro cell 2

UE2

UE1

   


Figure 1: Sharing of CSIs and loads information of multiple cells.

Non-ideal backhaul delay

Due to the CSI feedback delay (dCSI) from UE to serving cell and backhaul delay (dBH) from macro 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 be shared to the coordinated macro cells after a backhaul delay, such resource coordination could be applied to UE scheduling at time t + dBH. 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.
Such timeline of resource coordination and UE scheduling with backhaul delay is shown in Figure 2.
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Figure 2: timeline for resource allocation and UE scheduling with 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, and load information of each cell
· 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 CoMP scenario 2, evaluation results were obtained for the agreed upon RAN1 simulation methodology on the following cases:
· 2x2 cross-polarized antenna configuration
· CRS interference from the shifted CRS is modeled and CRS interference cancellation is also used.
· 6ms CSI feedback delay
2.2 Evaluation results

Figures 3(a)-(d) show 5%, 50%, and mean user packet throughput (UPT) gains of the coordination according to the different backhaul delays, coordination sizes, and RUs, respectively. The reference scheme for performance comparison is non-CoMP without coordinated scheduling among eNBs. In case of the target coordinated scheduling scheme, resource coordination is applied to all macro cells within coordinated cluster. For both the reference and target schemes, cell association is based on the RSRP and handover margin. The UPT gains of CoMP scenario 1 compared to non-CoMP are represented in Table 1.
From the figure 3(a), the performance gain of 21 cells coordination and RU 60% is observed. 37.0% edge UPT gain, 41.9% median UPT gain and 22.2% average UPT gain are obtained in 5ms backhaul delay, respectively. 
From the figure 3(c), the performance gain of 21 cells coordination and RU 40% is observed. 23.5% edge UPT gain, 44.2% median UPT gain and 24.3% average UPT gain are obtained in 5ms backhaul delay, respectively. 
[image: image7.png](a) 21 cells coordination & RU 60%

50%

o
40% M.a%

30%

3%%% —4—mean
—8-50%

20%
M —4—5%
12.3%

10%

0%
2ms Sms 10ms 30ms




[image: image8.png]40%

30%

20%

10%

0%

(b) 9 cells coordination & RU 60%

—e—mean

-9%

—8-50%
7% =&=5%

o

2ms Sms 10ms 30ms





[image: image9.png]60%

(c) 21 cells coordination & RU 40%

50%

40%

30%

w —4—mean

20%

10%

5510, —E—50%
L 169% ——5%

0%




[image: image10.png]40%

30%

20%

10%

0%

(d) 9 cells coordination & RU 40%

2ms Sms 10ms 30ms





Figure 3: ((a) Top left, (b) Top right, (c) bottom left, (d) bottom right) UPT gains by coordinated scheduling with different NIBs in CoMP scenario 2.
Table 1 UPT gains of CoMP scenario 1 compared to non-CoMP
	
	RU
	5% UPT
	50% UPT
	Mean UPT

	Intra-site CoMP
	60%
	9.8%
	13.1%
	8.0%

	
	40%
	8.9%
	16.9%
	13.2%


Observation 1:
· In case of 21 cells coordination and RU 60%, 37.0% edge UPT gain, 41.9% median UPT gain and 22.2% average UPT gain are obtained in 5ms backhaul delay, respectively.
· UPT gain still can be observed even in larger backhaul delay such as 30ms. 
Figures 4(a)-(b) show 5%, 50%, and mean user packet throughput (UPT) gains of the coordination according to the different backhaul delays and coordination sizes, respectively, under the realistic simulation conditions. The reference scheme for performance comparison is non-CoMP without coordinated scheduling among eNBs. A handover margin of 3dB, six degrees of electrical antenna downtilt, and UE dropping of outdoor only are assumed. The rest of the simulation conditions are the same as described above. The UPT gains of CoMP scenario 1 compared to non-CoMP under the realistic simulation conditions are represented in Table 2.
From the figure 4(a), the performance gain of 21 cells coordination and RU 40% is observed. 58.4% edge UPT gain, 53.2% median UPT gain and 39.9% average UPT gain are obtained in 5ms backhaul delay, respectively. 
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Figure 4: ((a) Left, (b) Right) UPT gains by coordinated scheduling with different NIBs in CoMP scenario 2 under the realistic simulation conditions.

Table 2 UPT gains of CoMP scenario 1 under the realistic simulation conditions
	
	RU
	5% UPT
	50% UPT
	Mean UPT

	Intra-site CoMP
	40%
	23.3%
	20.7%
	20.8%


Observation 2:
· If the realistic simulation conditions are considered, in case of 21 cells coordination and RU 40%, 58.4% edge UPT gain, 53.2% median UPT gain and 39.9% average UPT gain are obtained in 5ms backhaul delay, respectively.
The results show that the gain of the 21 cells coordination is higher than that of the 9 cells coordination. In other words, because the larger the coordination size is, the more interfering cells the resource coordinator considers, the UPT gain from coordinated scheduling for the large coordination size would be higher than that for the small coordination size.

Observation 3:
· The larger the coordination size is, the higher the UPT gain from coordinated scheduling is.
· Coordinated scheduling could be a promising coordination method among cells with non-ideal backhauls.
Although UPT gain of coordinated scheduling is reduced according to increase of backhaul delay, UPT gain still can be observed even in larger backhaul delay such as 30ms. The reason is that by performing the second step UE scheduling at each cell, the system performance would be less sensitive to the latency introduced by non-ideal backhaul. In other words, since the second step UE scheduling is performed based on the latest CSI information of the UE and the load information of interfering cells which is robust to backhaul delay, as well as the resource coordination information of interfering cells, the performance loss from backhaul delay can be minimized.
3 Conclusions

In this contribution, we provided the evaluation results of coordinated scheduling for CoMP scenarios 2. From the results, it is observed that
· In case of 21 cells coordination and RU 60%, 37.0% edge UPT gain, 41.9% median UPT gain and 22.2% average UPT gain are obtained in 5ms backhaul delay, respectively.
· If the realistic simulation conditions are considered, in case of 21 cells coordination and RU 40%, 58.4% edge UPT gain, 53.2% median UPT gain and 39.9% average UPT gain are obtained in 5ms backhaul delay, respectively.
· UPT gain still can be observed even in larger backhaul delay such as 30ms. 
· The larger the coordination size is, the higher the UPT gain from coordinated scheduling is.
· Coordinated scheduling could be a promising coordination method among cells with non-ideal backhauls
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