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1. Introduction
In RAN1#86bis, summary for potential enhancements of the CS/CB has been agreed [1]. The potential proposals for the CSI feedback and interference measurement are discussed.
Agreements:
· At least the following enhancements should be studied for CS/CB enhancement:
· CSI feedback enhancement
· e.g. CSI feedback reflect different interference beamforming hypothesis from coordinated TPs .
· e.g. CSI feedback considering power adjustment
· e.g. only CSIs regarding TPs with strong interference are reported
· Interference measurement enhancements
· e.g. NZP CSI-RS used for measuring interference from coordinated TP.
· e.g. aperiodic CSI-IM
· e.g. measurement restriction in the frequency domain 
· Enhancement to non ideal backhaul 
· e.g. PMI/CRI signalling between eNBs 
· Enhancement to reference signals
· e.g. support of orthogonal DM-RS ports for multi-point MU-MIMO
· e.g. SRS configuration signalling between eNBs 
· e.g. Multiplexing of CSI-RS resources with IC
· e.g. Resource pool sharing for channel and interference measurement
· QCL enhancement
· e.g. non co-located CSI-RS resources in Class B FD-MIMO
· Enhancement to SRS:
· e.g. enable eNB to measure the SRS from interfering UE(s).
In light of these, the corresponding performance evaluation of enhanced CS/CB has been elaborated.
2. Simulation scenarios
As illustrated in Figure 1, for scenario B, the simulated area is composed of 7*3 hexagonal cells with 200m ISD. And the wrap around method is used to model interference from adjacent cells. UEs are uniformly distributed in the simulated area. For UMI TPs, antenna configuration (8,4,2) with dual polarization (0/90 degree)  antennas with 0.5λ antenna spacing is adopted.  The antenna height of TPs and UEs are configured to be 10 and 1.5 m, respectively.  More details can be found in the appendix.


Figure 1 Topology for scenario B: UMi
3. Evaluated Schemes
[bookmark: OLE_LINK3]In this section, we introduce Class B based solution which does the coordination in elevation domain.  According to the proposals in [2], the class B-based enhancements for CS/CB are evaluated in this contribution.  As illustrated in Figure 2, interference coordination would be conducted in elevation domain by dividing each cell into 2 virtual cells (VCs).  If we consider coordination between two cells i.e. 4 virtual cells in total, CSI within one CSI-process can be obtained through the usage of Class B CSI reporting with K = 4.  More specifically, each CSI-RS resource is assigned to each virtual cell.  Two set of CQIs will be reported by one UE, one corresponds to the case with muting at the strongest interfering virtual cell, and the other CQI is measured without the muting assumption.  
The following two schemes are simulated for performance comparison at both MU-MIMO and SU-MIMO cases:
· Scheme 0: Rel-13 FD-MIMO without any coordination is considered as the baseline for both MU and SU cases.
· Scheme 1: Coordination is conducted among the virtual cells in elevation domain within the same cell or across different cells. One virtual cell will be muted if it refers to the strongest interferer for the scheduled CoMP UE attached in another one.


[bookmark: _Ref462988424]Figure 2 Illustration of cell virtualization in elevation domain
In the simulation, a CoMP UE is scheduled with CoMP if the better scheduling metric can be obtained with the muting hypothesis. For example, two metrics are compared for scheduling a CoMP UE in a target sub-band: 
· Metric 1: it refers to the sum of the throughput of UEs of coordinating cell and that of the CoMP UE based on reported CQI without muting assumption. 
· Metric 2: it refers to the sum of the throughput of UEs of coordinating cell and that of the CoMP UE based on reported CQI with muting assumption. 
4. Initial evaluation results
[bookmark: OLE_LINK1]In this section, some simulation results of CSCB corresponding to scheme 1 are provided in UMI scenario. In scheme 1, there are three kinds of case for CQI feedback and report of one CoMP UE:
· Case 1: One CQI is measured and reported. The interference is measured by CSI-IM resource which includes power of all interference and noise.
· Case 2: Two set of CQIs are measured and reported. In the two sets of CQI, one corresponds to the case with muting at the strongest interfering virtual cell, and the other CQI is measured without the muting assumption.  For CQI with muting, interference is measured by CSI-IM which includes noise and all interference except the strongest interferer. For CQI without muting, interference measurement is the same as that of case 1.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK8][bookmark: OLE_LINK9]Case 3: Two sets of CQIs are measured and reported. In the two sets of CQIs, CQI with muting is the same as that of case 2. For CQI without muting, noise and the sum of interference from other cells except the strongest interfering virtual cell is measured by CSI-IM resource which is also used to measure CQI with muting. Meanwhile, the interference from the strongest interfering virtual cell is measured by NZP CSI-RS and the interference channel is explicitly estimated.


[bookmark: OLE_LINK2][bookmark: OLE_LINK4]In case 3, when one CoMP UE conducts CQI measurement, precoding matrix from the strongest interfering virtual cell, noted as, is not known because of the fact that the interference from the strongest interfering virtual cell is measured by NZP CSI-RS, and precoding information is not carried in the NZP CSI-RS. In order to carry out CQI measurement, we give four assumptions of  as follows:
· 

Case 3-1:   is selected with minimum interference assumption i.e. min().
· 

Case 3-2:   is selected with maximum interference assumption i.e. max()
· 
Case 3-3.  is assumed to be an identity matrix
The simulation results which demonstrate the performance comparison among legacy CQI report and enhanced CQI are shown in Table 1 and Table 2. Compared to Case 1 based on legacy FD-MIMO CQI, two sets of CQIs can provide better performance gain of CS/CB due to more precise CQI feedback based on accurate muting assumption. According to the simulation results, we also can observe that performance of case 3 is better than that of case 2. This phenomenon can be explained by the fact that the interference channel from the strongest interfering virtual cell can be explicitly estimated in case 3 and thus the measurement and report of  CQI without muting is more precise than that of case 2.
[bookmark: _Ref466043306]Table 1 Simulation evaluation of different CQI assumptions (SU-MIMO)
	UPT(Mbps)
	Scheme 0
	Scheme 1

	
	
	Case 1
	Case 2
	Case 3(Case 3-1)

	Mean UPT
	16.32
	15.82(-3%)
	16.57(1.5%)
	16.89(3.5%)

	5% UPT
	3.13
	3.35(7%)
	3.66(17%)
	3.88(24%)

	50% UPT
	11.15
	10.62(-5%)
	11.59(4%)
	11.82(7%)

	RU
	0.7
	0.69
	0.68
	0.65


[bookmark: _Ref466043308]Table 2 Simulation evaluation of different CQI assumptions (MU-MIMO)
	UPT(Mbps)
	Scheme 0
	Scheme 1

	
	
	Case 1
	Case 2
	Case 3(Case 3-1)

	Mean UPT
	17.55
	17.02(-3%)
	17.76(1%)
	18.36(4.6%)

	5% UPT
	4.01
	4.21(5%)
	4.64(16%)
	4.93(23%)

	50% UPT
	12.53
	12.05(-4%)
	12.91(3%)
	13.81(8%)

	RU
	0.67
	0.68
	0.65
	0.62




In the case 3 of scheme 1, there are three assumptions about precoding matrix used in the coordinating virtual cell, and simulation results corresponding to different assumptions of  are showed from Table 3 to Table 4.
[bookmark: _Ref466048436]Table 3 Evaluation of different precoding assumptions of strongest interfering virtual cell (SU-MIMO)
	UPT(Mbps)
	Scheme 0
	Scheme 1

	
	
	Case 3-1
	Case 3-2
	Case 3-3

	Mean UPT
	16.32
	16.89(3.5%)
	16.56(1.5%)
	16.64(2%)

	5% UPT
	3.13
	3.88(24%)
	3.73(19%)
	3.79（21%)

	50% UPT
	11.15
	11.82（7%)
	11.51(3.2%)
	11.54(3.5%)

	RU
	0.70
	0.65
	0.67
	0.67


[bookmark: _Ref466048439]Table 4 Evaluation of different precoding assumptions of strongest interfering virtual cell (MU-MIMO)
	UPT(Mbps)
	Scheme 0
	Scheme 1

	
	
	Case 3-1
	Case 3-2
	Case 3-3

	Mean UPT
	17.55
	18.36(4.6%)
	17.86(1.8%)
	17.87(1.8%)

	5% UPT
	4.01
	4.93(23%)
	4.74(18%)
	4.77(19%)

	50% UPT
	12.53
	13.81(8%)
	12.46(-0.5%)
	12.91(3%)

	RU
	0.67
	0.62
	0.65
	0.65


These three cases are implemented to calculate the interference which originates from the strongest interfering virtual cell. According to the simulation results, performance of case 3-1 is better than other cases. In both case 3-2 and 3-3, the estimated CQIs for no muting condition appears to be too conservative, which leads to slightly worse performance compared to case 3-1.

5. Conclusion
In this contribution，initial simulation evaluations for CS/CB are discussed. Based on the evaluation, we have the following observation and proposal:  
Observation 1:  Coordination in elevation domain using FD-MIMO Class B feedback has the potential to provide performance gain.
Observation 2: Compared to one CQI feedback in legacy FD-MIMO Class B feedback, two set of CQIs can provide more performance gain.
Observation 3: Compared to measuring interference of coordinating and other cells together by CSI-IM, extra interference measurement from the coordinating virtual cell by NZP CSI-RS can provide more performance gain.
Proposal 1: FD-MIMO Class B K>1 based enhancement should be considered to support coordination among the beams in the set of K CSI-RS resources 
Proposal 2：Enhancements on calculation of CQI for CS/CB should be considered with the introduction of extra CQI in the Class B K>1 CSI report. 
Proposal 3：Extra interference measurement from the coordinating virtual cell by NZP CSI-RS should be considered.
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7. Appendix
[bookmark: _Ref462988800]Appendix A: Simulation assumption for Urban Micro scenario
	Parameters 
	Assumption

	Type 
	Urban Micro 

	Layout 
	Single layer
Macro layer: Hex. Grid
Number of tiers: 2

	ISD 
	200m 

	Minimum distances 
	According to TR 36.897 

	Carrier frequency 
	2GHz 

	Coordination cluster size for ideal backhaul 
	7 macro sites

	System Bandwidth 
	10MHz

	Channel model 
	UMI: 3D UMi (see TR 36.897) 

	TP antenna configuration (M,N,P) 
	Macro cell layer TP: 
(8,4,2) 
Number of TXRUs = 16 

	TP Tx power 
	41 dBm 

	TP antenna pattern 
	3D directional with 8dBi gain (According to  TR 36.873) 

	TP antenna height 
	10m 

	Maximum CoMP measurement set size 
	2

	UE antenna gain 
	According to TR 36.873 

	UE receiver noise figure 
	9dB

	Traffic model 
	Non full buffer FTP traffic model 1, S = 0.5Mbytes

	Traffic load (Resource utilization) 
	About 50%

	CQI/PMI reporting interval and frequency granularity
	5ms for CQI/PMI, 6RB

	Maximum number of transmissions
	4

	UE receiver 
	MMSE-IRC

	UE antenna 
	2 Rx

	Channel estimation 
	Realistic 

	Backhaul link delay 
	0 ms
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