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Introduction
Initial Rel-11 CoMP study item discussions happened during RAN1#63bis. A phased simulation study was agreed. Phase 1 should study homogenous networks and phase 2 heterogeneous networks. Following the Phase1 simulation assumptions, the paper gives simulation results for scenario 1 and 3 cells coordination area in scenario 2. 
2
Simulation setup
2.1 General structure of CoMP scheduler

In this contribution, the scheduler is divided into 2 stages, the first stage is frequency domain packet scheduling (the same as for single cell transmission), and the second stage is Spatial Domain Packet Scheduling (SDPS). In frequency domain packet scheduling, the metric for each UE is calculated for each PRB based on UE reported CQI. For each PRB, UEs are ordered by the metric, and the first M UEs with the highest metric are kept as candidates for spatial domain scheduling where 3 cells are scheduled jointly. 
3.1 CQI/CSI

In order to enable CoMP, CQI and CSI feedback from UE are needed. For CQI, it is difficult for UE to get accurate CQI when CoMP is employed, because the scheduling decision is not available when calculating the CQI. To get good performance, the scheduler will have to compensate the UE reported CQI based on the final scheduling decision. 

In our simulation, UE calculates CQI assuming 3 cells transmission in single user mode. When PS pairs 3 UEs together by means of zero-forcing transmit precoding, mutual interference could be fully eliminated (assuming ideal CSI knowledge) at the cost of degradation of useful signal power. The level of decline in signal power depends on the orthogonality between paired UEs’ CSI (SDPS adjust the single cell scheduling decision to obtain maximal PF metric). The value of this power loss is used to scale the reported CQI to the real CQI for both PS and LA.
3.2
Spatial Domain Packet Scheduler

With 3*M selected UEs from 3 cells, the spatial domain coordination is performed at SDPS. For each PRB, SDPS will check all the UE pair candidates. In total, there are 
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 possible groups for each PRB for further selection. The best group will be finally selected based on the following metric:
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 is the compensated CQI depicted in the above section, 
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 is the average throughput of the 
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 is the fairness factor.
3
Performance comparision between intra and inter-site coordination
Alhtough in CoMP simulation methodology agreed in RAN1#63bis, the baseline case of phase1 simulation is 9 cells coordination scenario, it’s not really realistic for UE to feedback CSI for such large coordination sets. So, it’s reasonable to assume UE only feedback CSI for a certain number of cells, e.g. 3. Then, to some extent, 9cells coordinations case is composed by several different kinds of coordinations, in another word, the inter-site 3 cells reflects one component of the 9 cell coordination. That’s why we felt that 3 cell coordinations is also a very important scenario to evaluate. It shows a pure gain from inter-site coordination, which is quite helpful for a better understanding on the questions such as: “which kind of coordination brings better gain?”. 

In this section, we evaluated and compared two scenarios, see fig.1. The left hand side illustrates intra-site coordination, where 3 co-site cells are coordinated for joint scheduling/transmssion. On the right hand side inter-site Coordination is shown (3cells coordinations in scenario 2), where coordinated cells are from 3 different sites. 
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Fig.1 Scenarios considered in the simulation results of this paper, Left side, intra-site coordination, right side, inter-site Coordination (3cells)

It is widely recognized that CoMP performs better if received signals are of equal or similar strengh. That is to say: for inter-site coordination, mainly the UEs in the middle of two/multiple sites can get benefit and those UE are typically cell-edge UE. And for intra-site, mainly the UE in the sector edge benefit a lot, and those UEs may be high-end UE or low-end UE: close or far away from eNB. To conclude, intra-site CoMP can help in enhancing both coverage and average throughput but inter-site CoMP only helps with coverage throughput.
	2Tx
	Intra-site JP 
	Inter-site JP
	SiC

	MEAN
	14%
	4%
	0%

	Cell-edge
	21%
	22%
	0%


Tab 1. Simulation results for 3GPP Case1
Table1 provide the summary of results for intra- and inter-site JP performance under 3GPP Case1 scenario, where we can easily find that inter-Site coordination (3cells) can bring very marginal gain on cell-edge throughput and much lower gain on cell average throughput side if we compared it with intra-site coordination. We proposed to give lower priority to inter-site JP coordination. 
Observations: inter-site (3cells) coordination has performance loss compared with intra-site coordination.

4
Performance Comparision between UMi and Case1
As handling the inter-cell interference is the main principle of CoMP, it is a natural conclusion that CoMP brings higher gain in scenarios with more severe interference. Compared with Case1, UMi is definitely of higher interference, e.g. smaller ISD, worse front-back ratio, etc. In this section, we evaluated and compared the performance of joint scheduling/transmission of intra-site coordination under Case1 and UMi scenarios. The purpose is to search the best suitable scenario for CoMP. For simplicity, the simulations here only assume ideal feedback, channel estimation etc. 
	2Tx
	UMi
	Case1
	SiC

	MEAN
	25%
	14%
	0%

	Cell-edge
	20%
	21%
	0%

	4Tx
	UMi
	Case1
	SiC

	MEAN
	34%
	20%
	0%

	Cell-edge
	28%
	30%
	0%


Table 2, Intra-site CoMP performance under 3GPP case1 and ITU UMi scenarios 
Table.2 summarizes the average and coverage throughput gain number for Intra-site coordination assuming 3GPP case1 and ITU UMi scenarios. Obviously, JP can bring better cell throughput gains at UMi scenarios than Case1. At 2tx case, JP can bring 25% and at 4Tx case, JP give 34%. However, we also noticed from the cell-edge gain perspective, JP has very similar gain in UMi and Case1 scenarios, around 20% and 28% gain on 2Tx and 4 Tx cases respectively.
Proposal: Grant higher priority to UMi scenarios during phase 1 simulations.

4
Conclusion
In this paper, we evaluate the JP gain under UMi/Case1 and Intra-/inter-site coordination assumptions following phase1 simulation methodology. From the simulation results, we found that inter-site coordination does not bring any gain over intra-site coordination. And given its high cost transport requirements, we propose to give low priority to inter-site JP coordination. Besides, we also analyze the JP performance under UMi and Case1 environments. The conclusion shows that JP can bring higher gains in UMi scenario, and therefore we propose to give higher priority to UMi scenario during the phase 1 simulations. 
Appendix
	Parameter
	Value

	System BW
	10 MHz (600 active sub-carriers,  50 PRBs)

	Collaboration area (CA)
	3 cells from intra-site or inter-site 

	Channel model
	3GPP Case1 , 3D antenna tilting (15°), SCM UMa (High Spread)

	Antenna configuration　
	Simple SCM with correaltion factor 0.97

	Traffic model
	Full buffer

	Antenna number
	4 TX/2Tx per cell

2Rx at UE side

	Channel estimation  for Decoding
	Realistic

	Channel estimation for Feedback
	Ideal

	UE receiver
	According to R1-110586
MMSE option1

	HARQ
	Adaptive and asynchronous, non-blanking HARQ (default).

	
	8 SAW channels per CW with ideal Chase combining @ UE (LTE-A)

	Scheduling Scheme
	Proportional fair

	CSI reporting delay and period
	Delay: 6 ms, Period: 10 ms

	Feedback
	Un-quantized main Eigen vector for each subband(3 PRBs)

	User per cell 
	10

	RS Overhead
	Same overhead assumed for JP and single cell

	PDCCH overhead
	3 OFDM symbols per TTI.

	Rank Adaptation
	Rank Adaptation Enable
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