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1 Introduction
In 3GPP RAN1 #59bis meeting, standardization impact of downlink CoMP has been discussed and some consensus has been reached on the deployment scenario of DL CoMP. That is, “for Rel-10, any DL CoMP scheme will not include any new standardised X2 interface communication for support of multi-vendor inter-eNB CoMP”. Therefore, the scope of DL CoMP in Rel-10 will be only limited to intra-eNB techniques. 

This agreement facilitated the development of the evaluation scenarios and assumption for DL CoMP which provides the ground for the comparison between DL CoMP and single-cell operation. The agreed evaluation scenarios are detailed in [1].

In this contribution, we evaluate the performance of CS/CB in order to clarify the tradeoff between performance gain of CS/CB and UL overhead and investigate the need for enhanced feedback. 
2 Coordinated Scheduling/Coordinated Beamforming (CS/CB)
2.1 Scheduling

Figure 1 illustrates the distributed iterative CS/CB structure considered in this contribution. The overall structure is similar to iterative procedures introduced by other companies [2,3].
In the initialization step, each cell decides upon which UEs to schedule in SU mode (we only focus on SU-MIMO in this contribution) and the corresponding transmit precoding assuming no coordination between cells (i.e. single-cell processing). The decision is taken based on some proportional fairness metric and the most recent channel state information available at the base station. In SU-MIMO, precoding would be chosen e.g. as the dominant eigenvector(s) of the short term covariance matrix (i.e. HHH), the number of eigenvectors being determined by the rank of the transmission. Such approach is generally referred as SVD precoding [4].
At iteration-n, each cell revisits its decision on the UEs to schedule and their transmit precoding based on decisions taken by other cells in iteration n-1. A new CQI is computed based on the precoding and UE decisions in neighboring cells. In [3], a network-wide utility metric is maximized such that the scheduling decision in a given cell i is not only function of the utility metric of users scheduled by that cell but also the utility metric of victim users that have been tentatively scheduled by other cells in iteration n-1. In the current evaluation, scheduling in cell i only cares about utility metrics of users scheduled by that cell i. Cell i doesn’t consider the changes in utility metrics of victim UEs in neighboring cells. Hence the proposed scheduler requires to share CSI (e.g. HHH) and precoding decisions. Any additional information required to compute the utility metrics of victim users is not required to be shared. The precoding filters are computed based on a JLS criterion (i.e. SLNR maximizing approach) [2,3].
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Figure 1. Iterative CS/CB structure
2.2 CoMP measurement set size and Number of cells to feedback

CoMP measurement set is defined based on the RSRP level of the serving cell and each interfering cell. If the difference between the RSRP of the serving cell and the interfering cell is lower than some threshold, CoMP measurement set is activated. Such threshold is denoted as the CoMP triggering threshold. The CoMP measurement set of user k is denoted as Mk . Cells belonging to the CoMP measurement set are reported to the serving eNB. The UL overhead is closely related to the CoMP measurement set size. 

Figure 1 provides the distribution (in %) of the CoMP measurement set size in intra-eNB scenario as a function of the CoMP triggering threshold. Table 1 provides the distribution of the CoMP measurement set size for the CoMP triggering threshold fixed to 10 dB in intra and inter-eNB deployments. In intra-eNB deployments with a 10dB triggering threshold, about 19 % of UEs feed back 2 cells and 6% of UEs feed back 3 cells. 75% of the UE perform single cell feedback. 
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Figure 2. Distribution of the CoMP measurement set size #M as a function of the CoMP triggering threshold. #M denotes the CoMP measurement set size
Table 1. CoMP measurement set size
	CoMP measurement set size
	Inter-eNB CoMP
	Intra-eNB CoMP

	1
	53%
	75%

	2
	23%
	19%

	3
	18%
	6%

	4
	3%
	0%

	5
	2%
	0%

	6
	1%
	0%


As a gross approximation of the feedback overhead for CoMP vs. single cell operations, we can calculate that K UEs feeds back B bits in single-cell operations, in CoMP (assuming a 10 dB triggering threshold), 0.75 K UEs feed back B bits, 0.19 K UEs feed back 2B bits and 0.06 K UEs feed back 3B bits. This leads to grossly 31% UL overhead increase compared to single-cell MU-MIMO. 
The CoMP triggering threshold is fixed to 10dB in the following evaluation.
3 Performance Evaluation of CS/CB

In order to get some insight into the upper bound on the performance we can get with such iterative CS/CB, the performance inter-site CS/CB with 1RB-based H feedback has been investigated. The channel matrix at each RB level for each interfering cell in the CoMP measurement set is reported. Since the feedback provides enough information for the eNB to take all relevant decisions, eNB can estimate accurate CQI based on both transmit and receive shaping with outer-loop link adaptation to meet the target BLER. PF-TDMA is assumed, where only one user at the time is allocated the entire bandwidth. Correlated channels with 0.5 lambda spacing and 8 degrees angle spread are assumed. We assume no backhaul delay but the usual scheduling delay in each serving cell is taken into account and fixed to 6ms. Five schemes are compared:
1. Rel. 8 SU-MIMO with CQI and PMI quantization 
2. Rel. 8 SU-MIMO with quantized CQI but unquantized PMI 
3. SU-MIMO based on H feedback. The UE feeds back the H matrix for the serving cell and interfering cell in the CoMP measurement set. Given such feedback, the eNB has all information to mimic the UE computation of rank, CQI and PMI and is therefore also able to compute the rank, CQI and the precoder. Given that those information are not quantized at the time of feedback, the performance should be higher than case 1 and 2. Only single-cell operations are performed in such scheme.
4. CS/CB SU-MIMO based on H feedback. On top of case 3, the eNB performs CS/CB based on the iterative structure depicted in previous section. 
Note that in all the following simulation results, we assume perfect channel estimation on the CSI-RS and DM-RS.
Table 2. Performance of inter-site CS/CB with 1RB-based H feedback
	SU-MIMO 4x2


	Average cell spectral efficiency (bits/s/Hz)
	5% cell edge spectral efficiency (bits/s/Hz)
	% of rank 1 transmission
	% of rank 2 transmission

	1.
	Rel. 8 SU-MIMO (with CQI and PMI quantization) 
	2.0830
	0.0767
	0.7887
	0.2113

	2.
	Rel. 8 SU-MIMO (with quantized CQI but unquantized PMI) 
	2.2332
(7.35%)
	0.0796
(3.73%)
	0.6026
	0.3974

	3.
	SU-MIMO based on H feedback 
	2.2753
(9.37%)
	0.0868
(13.04%)
	0.6304
	0.3696

	4.
	CS/CB SU-MIMO based on H feedback 
	2.4423
(17.40%)
	0.1029 
(34.09%)
	0.5057
	0.4943


Note 1: Performance gain between brackets indicates relative gain w.r.t. Rel. 8 SU-MIMO with CQI and PMI quantization.
Note 2: 2 ports CRS, 4 ports CSI-RS every 5 ms and DM-RS are considered as overhead of reference signal.
With subcarrier based feedback, it can be concluded that
· CS/CB SU-MIMO with sufficient feedback provides significant performance gain over Rel. 8 SU-MIMO. Similar observations have been reported in [2,3].
· CS/CB enables to increase the occurrence of higher rank transmissions by reducing the inter-cell interference.
4 Conclusions
Under sufficient feedback conditions, the evaluations conducted in this contribution show that 
· significant gains over single cell SU-MIMO can be achieved with an iterative distributed CS/CB. 

· CS/CB increases the occurrence of higher rank transmissions

More evaluations are however required to conclude whether such gain is achievable under practical constraint.
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6 Appendix: simulation assumptions

	Parameter
	Value

	General
	Parameters and assumptions not explicitly stated here according to 3GPP specifications

	Duplex method
	FDD

	Bandwidth
	10 MHz

	Network synchronization
	Synchronized

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site, wrap around

	Users per sector
	10

	Handover margin
	1 dB

	Downlink transmission scheme
	4x2 SU-MIMO with rank adaptation

	Downlink scheduler
	Proportional Fair scheduling with full bandwidth allocation

	Downlink link adaptation
	Rank feedback: wideband RI 5 ms feedback period

	
	R8 feedback: wideband CQI and subband PMI 5 ms feedback period 

	
	H feedback: subband spatial channel information 5 ms feedback period

	
	Subband granularity: 1 PRB on 10 MHz

	
	6ms delay total (measurement in subframe n is used in subframe n+6)

	
	CQI measurement error: None

	
	Feedback error: 0%  (Perfect and ideal feedback)

	
	MCSs based on LTE transport formats [36.213]

	
	Quantized CQI (4bit)

	
	Target block error rate: 5% 
Outer-loop link adaptation: ACK +0.5/9 dB NACK -0.5 dB

	Codebook
	LTE R8 codebook

	Allocation
	Localized

	Total number of RB in one subframe
	50

	Downlink HARQ
	Maximum 3 re-transmissions,

	
	Chase combining, non-adaptive, asynchronous.

	
	no error on ACK/NACK

	
	For the transmission in subframe n, 
ACK/NACK is reported in subframe n+4 and retransmission is available in subframe n+8 
4 ms ACK/NACK 
8 ms retransmission

	Downlink receiver type
	MMSE based on DM-RS of serving cell and CRS for interfering cells (assuming identity covariance matrix for the precoding of the interfering cells)

	Channel estimation
	Perfect channel estimation on CSI-RS and DM-RS

	PAPR
	No constraint on per-antenna power imbalance 

	Antenna configuration
	Vertically polarized antennas

	
	0.5 wavelength separation at UE,

	
	0.5 wavelength separation at eNB (uniform linear array)

	
	ideal antenna calibration

	Control channel and reference signal overhead
	LTE: L=3 symbols for DL CCHs

	
	2 ports CRS, 4 ports CSI-RS every 5 ms, DM-RS

	BS antenna downtilt
	Case 1 3GPP 3D: 15 deg

	Feeder loss
	0 dB

	Channel model
	Correlated channel: SCM urban macro low spread (8 deg Angle spread) for 3GPP case 1

	Link error prediction technique
	Exponential Effective SINR Mapping (EESM)

	Inter-cell interference modeling
	Dynamic interference with rank adaptation based on actual scheduling in interfering cells

	
	CQI calculated based on MMSE receiver assuming identity covariance matrix for the interferers
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