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1
Introduction   


eCoMP SI [1] has been approved in 2013 June, and the key content of this SI is to evaluate performance of some CoMP schemes under non-ideal backhaul assumption. In RAN1#74b, simulation assumption was agreed, in this contribution, we present our coordinated scheduling simulation results based on the latest simulation assumptions. 
2 
Coordinated Scheduling Algorithm
In this section, we provide the details of coordinated scheduling algorithm we used. Following the agreed simulation assumption, intra-site 3 cells coordination is also needed. In order to have a fair comparison, our algorithm is developed to be fitting to ideal and non-ideal backhaul environment so that we can directly compare the performance of the same algorithm under difference assumption, below is the detailed description of the algorithm. In the results presented in this paper, the total latency from the time CQI is available at the serving eNB to the muting pattern application is considered to be 5ms or 50ms.
Algorithm principle:

Thanks to the Rel.11 multiple CSI and configurable IMR, multiple CQI can be reported with each corresponding to different interference hypothesis. Now each UE reports the CQI without strongest interference, in another word, it’s possible to accurately predict the impact to this particular UE if the strongest interference cell is muted. As a result, network could collect the CQI information of all UEs and choose the muting pattern resulting the largest benefit metric. 
1. Benefit metric is defined as the sum of PF metric for all UEs inside of the coordination area. 

a. 
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, where H is the hypothetic muting pattern (e.g. H= ‘101110111’ in 9 cell coordination area, each bit is corresponding to one cell’s muting decision, 0 mean muted.). 
b. The benefit calculation is per PRB based. 
c. For a given UE i, 
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, where k is the strongest interference cell to this UE. 
d. UE shall report both  
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 corresponding to normal CQI (cell k is not muted) and muting CQI (cell k is muted) to eNB. 
2. Muting decisions is to maximize the benefit metric with possible muting hypothesis 
a. 
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3. Backhaul decides the CSI&BS (Buffer status) latency

a. Ideal backhaul means CSI&BS of the coordination area is available with no latency. 

b. Non-ideal backhaul means CSI&BS of the coordination is available with some certain latency. 

4. Muting decision update

a. With instant CSI&BS, muting pattern is updated every TTI. 

b. With delayed CSI&BS, muting pattern is updated periodically, e.g. 10TTIs. 
3
Simulation Results for CoMP scenario.2  

In this section, we give our simulation results for Macro scenario (CoMP scenario.2), 3 cases has been evaluated in our simulation, single cell (no COMP), Intra-site CoMP and inter-site CoMP. the scenario setup follows the definition of agreed eCoMP simulation assumption. 
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Figure.1 scenario illustration
	Bursty (Offered Load = 6.4 Mbps)

	CoMP schemes
	Coordinatioin
	Mean bE Tput (Mbps)
	Cell Edge UE
 Tput (Kbps)
	PRB 
Utilization

	Non-CoMP
	None
	19.9
(-14.5%)
	3740
(-18.5%)
	38%

	Intra-site CS (Baseline)
	Ideal 
	23.3
(0.0%)
	4590
(0.0%)
	28%

	Inter-site CS (9 cells)
	Ideal 
	23.4
(+0.4%)
	4600
(+0.2%)
	29%

	Inter-site CS (9 cells)
	Non-ideal (5ms)
	22.2
(-4.7%)
	4450
(-3.0%)
	28%

	 
	Non-ideal (50ms)
	21.3
(-8.5%)
	4020
(-12.4%)
	29%


	Bursty (Offered Load = 9.6 Mbps)

	CoMP schemes
	Coordinatioin
	Mean bE Tput (Mbps)
	Cell Edge UE
 Tput (Kbps)
	PRB 
Utilization

	Non-CoMP
	None
	8.7
(-24.3%)
	1260
(-31.1%)
	72%

	Intra-site CS (Baseline)
	Ideal 
	11.5
(0.0%)
	1830
(0.0%)
	53%

	Inter-site CS (9 cells)
	Ideal 
	11.5
(0.0%)
	1900
(+3.8%)
	56%

	Inter-site CS (9 cells)
	Non-ideal (5ms)
	10.7
(-6.9%)
	1770
(-3.2%)
	54%

	 
	Non-ideal (50ms)
	9.5
(-17.3%)
	1480
(-19.1%)
	56%


Table.1 CoMP simulation numerical results 

The above tables show the performance number of CoMP in different cases. The following observation can be derived:
Observation.1: CoMP gain over non-CoMP is more obvious in high load case
Observation.2: Starting from intra-site coordination, CoMP gain increases with larger coordination area with ideal backhaul (9 cells is better than 3 cells), but the additional gain is very marginal. 
Observation.3: Significant performance degradation is found in non-ideal backhaul, Non-ideal backhaul 9cells coordination has worse performance than intra-site 3 cells ideal coordination. 

Comparing intra-site with inter-site CoMP
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Figure.1 Intra-site V.S. Inter-site
In intra-site ideal CoMP, the muting decision is based on the instantaneous CSI and buffer status, the muting decision can directly reflect the channel variation, in another words, it can get some selective gain from the muting decision. In contrast, inter-site CoMP can obtain CSI from all 9 cells thus it can achieve global optimization gain, but the down side is also obvious: it can only use delayed CSI to make muting decision. In another words, Intra-site uses local but instantaneous CSI, while inter-site (NIB) use global but delayed CSI, comparing intra-site and inter-site is actually comparing the selective gain (from instantaneous CSI) and global optimization gain (from global CSI). In order to further study this two cases, we evaluate inter-site CoMP with different non-ideal backhaul assumptions: not only with different latency (5 or 50ms), but also with different muting pattern update periodicity (1ms, 10ms or 50ms).
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   Figure.3 Inter-site CoMP performance gain (over non-CoMP) in different backhaul assumptions (latency + muting update periodicity)
Observation.4: Inter-eNB CoMP performance is very sensitive to backhaul latency, but less sensitive to muting update periodicity (small performance change from 1ms to 10ms)
5
Conclusion
In this section, we summarize our observations from eCoMP simulation results

Observation.1: CoMP gain over non-CoMP is more obvious in high load case

Observation.2: Starting from intra-site coordination, CoMP gain increases with larger coordination area (9 cells ideal backhaul is better than 3 cells), but the additional gain is very marginal. 

Observation.3: Significant performance degradation is found in non-ideal backhaul, Non-ideal backhaul 9cells coordination has worse performance than intra-site 3 cells ideal coordination. 
Observation.4: Inter-eNB CoMP performance is very sensitive to backhaul latency, but less sensitive to muting update periodicity (small performance change from 1ms to 10ms)
Proposal: Inter-eNB CoMP coordination scheme must be compatible with intra-eNB CoMP schemes to harvest the global optimization gain on top of selective gain. Otherwise, inter-eNB coordination may cause performance lost in some scenarios.  
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