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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. In RAN1#64, we already disclosed initial simulation results for joint processing CoMP, for scenario 1 following the Phase1 simulation assumptions (see [1]). This paper gives overall phase1 CoMP simulation results for scenario 1 and 2 for both JP and CB/CS CoMP techniques.
2
Coordination Beamforming/Scheduling

2.1 CS/CB Scheme Description
Algorithms: Coordinated scheduling and beamforming is done in a distributed (and iterative) manner at each eNB assuming infinite capacity backhaul links for sharing information within the coordinating set of eNBs. Transmission techniques at each eNB employ silencing, rank-1, rank-2, MU/SU techniques and their counterparts with null-steering, for each TTI, SVD-based precoding is adopted where precoder is the main Eigen vector of channel covariance matrix (R) with or without null-steering between UE and the serving sector.
Deployment scenario: Scenario 1 (intra-site) and scenario 2 are modeled. Scenario 2 is modeled with 9 cell coordination. The 57 cells are partitioned into 7 mutually exclusive coordinating clusters of eNBs according to ‎[2]. In addition an idealistic scenario with all 57 cells coordinating transmission is also modeled for reference. Interference to any given UE is explicitly modeled from coordinated as well as uncoordinated cells.
Feedback scheme: The knowledge of a wideband covariance matrix is assumed at the eNB for each served UE. In addition, for UEs served with CoMP transmission methods the knowledge of a wideband covariance matrix is assumed at the serving eNB for each coordinating eNBs (a maximum of 3 eNBs can coordinate transmission for any given UE). The wideband covariance matrix is delayed by 5ms but is otherwise ideal. TxD CQI feedback (as in TM7, TM8) is assumed with a delay of 5ms. The assumption of a wideband covariance is intended to model SRS based beamforming in a TDD system. Since SRS estimation error models are not assumed (or agreed), a wideband covariance is envisioned to reflect a realistic scenario more closely than the assumption of an ideal sub-band covariance matrix. In addition to CQI feedback, the relative powers of at most two dominant interferers are also assumed to be known at the serving eNB (for CoMP UEs). 

Inter-cell communication assumes no latency and coordinating eNBs are assumed to share scheduling and feedback information with 0-delay.
2.2 Simulation assupmtions for CB/CS
Table.1 Simulation assumptions for CB/CS
	Parameter 
	Assumption

	Simulation Case
	3GPP Case 1

	Deployment Scenario
	1. Homogeneous network with intra-site CoMP

2. Homogeneous network with high Tx power RRHs 

The central entity can coordinate 9 cells or 3 cells according to the reference layout in R1-111125

· Interference to any given UE is explicitly modeled from coordinated as well as uncoordinated cells.

	Bandwidth
	10MHz

	Number of UEs per cell
	10

	Transmission schemes employed in the DL
	Silencing, SU-MIMO (rank1,rank2), MU-MIMO, SU-MIMO (rank1,rank2) with CS/CB, MU-MIMO with CS/CB

	Fast fading
	SCM Urban Macro 15 degrees angle spread for fast fading

	Impairments modeling
	Time/frequency synchronization – ideal, PDCCH, SRS capacity not accounted,

0 propagation delay differences depending on UE location, 0 timing error

	Antenna Configuration
	2, 4, 8 Tx antennas – all cross-polarized 0.5 λ spaced

	Antenna Pattern
	3D, downtilt 15 degrees at Macro

	Number of antennas at UE
	2, cross-polarized

	Base station transmit power
	46dBm

	Antenna Gain
	14 dBi at Macro

	Channel estimation 
	Ideal

	Link adaptation
	Ideal

	UE Receiver
	MMSE option1 in R1-110586 

	Overhead
	Equal overhead assumed for all cases

	Channel reciprocity, calibration
	Ideal, (2Tx SRS)

	Backhaul
	0 delay, infinite capacity


2.3 Simulation results overview
Table.2 CS/CB gain for a TDD system

	
	8Tx XPOL 0.5λ
	4Tx XPOL 0.5λ
	2Tx XPOL 0.5λ

	
	Gain in cell-avg SE %

 
	Gain in cell-edge SE %

 
	Gain in cell-avg SE %

 
	Gain in cell-edge SE %

 
	Gain in cell-avg SE %

 
	Gain in cell-edge SE %

 

	TM8 MU-MIMO (with SRS) – baseline
	0 
	0 


	0 


	0 


	0 
	0 

	CoMP CS/CB

(3-cell)
	+5.08%


	+4.80%


	+3.13%


	+5.42%


	+2.02%
	+7.61%

	CoMP CS/CB
(9-cell)
	+5.85%


	+9.94%


	+3.35%


	+7.26%


	+2.50%
	+7.89%

	CoMP CS/CB
(57-cell)
	+7.42%


	+14.74%


	+4.06%


	+14.66%


	+3.61%
	+12.70%

	
	
	
	
	
	
	


3   Joint Transmission

In this section we describe the joint transmission scheme employed for the evaluation of the benefits of CoMP technology. Detailed simulation assumptions and results for the 3GPP agreed phase 1 results are also given.
3.1 General structure of JP CoMP scheduler

The scheduler used for JP CoMP 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. 
3.2
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:


[image: image2.wmf](

)

3

1

 

k

sum

k

C

C

Tk

a

=

æö

=

ç÷

ç÷

èø

å


where


[image: image3.wmf]2

log(1)

kcompensate

CCQI

=+



[image: image4.wmf]compensate

CQI

 is the compensated CQI depicted in the above section, 
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 is the fairness factor.
3.3 CSI impairments
In a real system, eNBs can hardly expect perfect channel state information knowledge. And it’s widely recognized that CoMP is very sensitive to the accurancy of CSI knowledge which might come from impairments of channel estimation, feedback etc.
Channel estimation is the 1st step to generate CSI imperfections, for CSI-RS based channel estimation, a lot of study have been conducted when designing the CSI-RS patterns and configurations. Our earlier results, ‎[3], have showed that with proper zero power CSI-RS transmission configuration, inter-cell channel estimation impariment may only have acceptable performance degradation to CoMP. Thus, we only considered ideal channel estimation in this contribution
Feedback is an important step for CSI accurancy degradation. In this contribution, we firstly give JP simulation results conditioned to un-quantized subband level Eigen vector feedback. Each subband consists of 3 PRBs. Feedback latency and duty cycles are all considered. After that, we also give quantized feedback results assuming the most popular feedback quantization scheme. 
3.4 CQI Compensation
In order to enable CoMP under realistic environment, CQI feedback from UE is needed. However, it is difficult for UE to get accurate CQI when CoMP is employed, because the scheduling decision is not available when the UE calculates the CQI. To get good performance the scheduler will have to compensate the UE reported CQI based on the final scheduling decision. 

In JP 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.
3.5  UE based coordination pattern selection
Different to scenario 1 intra-site CoMP, scenario 2 simulation assumes larger coordination areas. However, considering feedback overhead and complexity, each UE can feedback channel state information only for limited number of transmission points. In another word, even all eNBs in the network are in one coordination area, for one particular UE, data signals can only be transmitted from a few transmission points/cells. 
The drawback from increased coordination area and transmission set flexibility is increased scheduling complexity. Here we propose a simple solution which does not give full flexibility but increases flexibility with only minor added complexity. The basic idea is that to limit complexity, different transmission sets used in the same TTI should not be overlapping. However in different TTIs different groups of non-overlapping transmission sets can be used with limited increase to complexity.

A simple example of this approach is studied here. Two groups of non-overlapping transmission sets are selected and these are scheduled in different TTIs. First group corresponds to the intra-site transmission set and second group corresponds to an inter-site transmission set. The two transmission sets are shown in Figure 1 where it is also illustrated how the transmission set from one group can be used to cover the whole coordination area. As seen from the figure we are considering a transmission sets with 3 cells.
Following that principle, we designed the UE specific coordination set selection criteria: Maximize the “difference between CoMP geometry and single cell geometry” approach; firstly, we define the CoMP geometry as following: 
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where A,B,C is the selected cells, K is the factor eliminating MU interference within the coordination area. Sk is the arrival signals from cell k. 
Simulation steps:

1. Drop 10 UE for each cell, do normal single cell admission control. 
2. All cells are divided into two coordination patterns (below figure), note that every pattern can expand to a seamless network.

3. For each UE, select its preferable coordination pattern following “maximum CoMP geometry principle”
4. For each TTI, only schedule UEs selecting one certain pattern. (TDM between patterns)
Under such simulation methodology, as different patterns may be mutually overlapped, the equalvalent coordination area actually spread to the whole networks. So that should be considered as the upper bound of scenario 2 where all 57 cells within the coordination set.
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Figure 1. Example of coordination patterns
3.6  Simulation Assumptions

In table 3 we present the detailed simulation assumptions used the evaluate the JP CoMP scheme presented above in the agreed scenarios.
Table.3 Joint Transmission Simulation assumptions

	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　
	B1: co-polarized
B2: Grouped co-polarized

B3: cross-polarized

	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 Enabled


3.7 Simulation results overview for Scenario1&2
In this section we present the simulation results for the joint processing CoMP scheme presented above assuming unquantized feedback, see the results in table 4. We observe that JP CoMP provides good gains for the 2 transmit antenna scenario, both in case of cross-polar and co-polar antenna. The average gain for co-polar antennas is slightly higher than for cross-polar antenna.
For the scenario with 4 transmit antenna the average gains are small, and even negative for the case with co-polar transmit antenna. For cell edge still some gain is seen.

As seen from table.4, under unquantized feedback assumption, CoMP in scenario2 can further enhance the cell-edge performance compares to intra-site case, but only some marginal gain on average throughput performance.

	JP Simulation Gain Overview

	　
	　
	　
	>3cell
CoMP
	3cell 
CoMP
	MU-MIMO
	SU-MIMO

	ULA
	2Tx
	MEAN
	13.6%
	15.0%
	0.0%
	-0.4%

	
	
	5%
	16.1%
	13.9%
	0.0%
	1.8%

	
	4Tx
	MEAN
	-7.8%
	-6.4%
	0.0%
	-22.3%

	
	
	5%
	33.9%
	24.7%
	0.0%
	-2.9%

	CPA
	2Tx
	MEAN
	3.6%
	4.8%
	0.0%
	-2.9%

	
	
	5%
	18.9%
	15.2%
	0.0%
	-1.0%

	
	4Tx
	MEAN
	4.3%
	0.1%
	0.0%
	-10.7%

	
	
	5%
	19.9%
	10.6%
	0.0%
	-17.4%


Table 4. Joint processing Gain overview conditioned to unquantized CSI feedback
3.8 Quantized feedback

In this section we describe a simple and robust feedback scheme to support the joint transmission CoMP. For simplicty, we utilize well-known per cell codebook quantization plut inter-cell phase rotation scheme, as described below: 
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One CoMP feedback report P refers to one sub band and is composed of PMI for each of the cells in the measurement set, and phase and amplitude scaling factors relative to the first cell.

3.9
CoMP Performance conditioned to quantized CSI feedback 
The performance loss for JP CoMP in Scenario 1 resulting from applying the quantized feedback scheme described in the previous section is given in below table. We note that the loss from using simple quantized feedback scheme is significant. Further study on the feasibility of maintaining CoMP gains based on feedback mechanism with reasonable signalling overhead is needed.
	
	Antenna 
	Average TP 

(unquantized) 
	Average TP 

(quantized)
	Cell-edge TP 

(ideal)
	Cell-edge TP 

(quantized)

	2Tx
	B1
	100%
	89%
	100%
	90%

	
	B3
	100%
	92%
	100%
	87%

	4Tx
	B1
	100%
	86%
	100%
	82%

	
	B3
	100%
	90%
	100%
	76%


Table 5 Scenario 1 results assuming quantized feedback.
Observation: CoMP performance is very sensitive to choice of CSI feedback scheme..
4
Conclusion

In this contribution we have presented simulation results for both coordinated beamforming&scheduling and joint transmission CoMP in scenario 1 and 2. We have found that intra-site and inter-site CoMP can enhance both average and cell-edge throughput compared to non-CoMP operation. The average gain from CoMP is higher with 2 transmit antenna. With larger coordination area enabled by inter-site CoMP (scenario2), CoMP can further enhance the cell-edge gain compared to intra-site COMP (scenario 1).

Furthermore we presented simulation results to evaluate the joint transmission gain under a simple and straightforward CSI feedback scheme. Here we found that CoMP is very sensitive to CSI accuracy and further investigation on feedback scheme is needed to determine whether we can gain from joint transmission CoMP under realistic assumptions.
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