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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Feedback enhancement has been the focus of MIMO enhancement since Rel-10. In the R13 3D-MIMO SI, similarly feedback could be the main discussion topic. From our perspective, the major issue for 3D-MIMO feedback enhancement is that the antenna configurations are very diverse and its number is huge, which causes much difficulty in feedback design. This contribution gives the simulation results of the feedback framework based on hybrid RS discussed in contribution [1].
2. Feedback based on hybrid RS
As discussed in [1],  the feedback using a long-term CSI and a short-term CSI is proposed in order to reduce CSI-RS overhead and enable universal feedback for diverse antenna configurations. An example of hybrid RS procedure is as follows :
                                
(a) Hybrid RS operation in TDD                                   (b) Hybrid RS operation in FDD
Figure 1. Procedure for  hybrid RS operation in TDD and FDD system
The following working procedure could be universal to different eNB antenna configurations :
Step 1: eNB transmits long-term RI-RS which is mainly for the purpose of reducing overhead of short-term CSI-RS. Example of such long-term RI-RS could be transmitted from two far-apart antennas to ensure RI is properly measured. It should be noted that W1 could be measured based on long-term reciprocity so it should be FFS if long-term RI-RS needs to support W1 measurement.
Step 2: UE reports long term channel information (e.g., RI) and SRS to eNB.
· In TDD system, the short-term channel reciprocity can be used.
· In FDD system, the long-term channel reciprocity may be used.
Step 3: eNB transmits precoded short-term CSI-RS to UE. One simple strategy is: 
· If UE report RI = 2, transmit two port short-term CSI-RS to UE, each CSI-RS port corresponds to one eNB antenna polarization (and beamformed based on long-term direction information W1); UE would report co-phase between polarizations and two CQIs for two codewords. 
· if UE report RI = 1, 
· In FDD system, transmit two port short-term CSI-RS to UE, each CSI-RS port corresponds to one eNB antenna polarization (and beamformed based on long-term direction information W1); UE would report co-phase between polarizations and one CQI for the codewords.
· In TDD system, transmit one port short-term CSI-RS to UE, the CSI-RS port corresponds to both polarizations and beamformed based on CSI obtained from 1Tx SRS from UE (partial reciprocity)
Step 4: UE reports CQI calculated based on configured short-term CSI-RS and reported RI.
Step 5: PDSCH transmission.
The above procedure applies for diverse antenna configurations in 3D-MIMO, and could be even applicable to future massive MIMO in higher frequency bands.
The characteristics of double CSI-RS is summarized in the follownig table.
Table 1.  Double CSI-RS characteristics
	
	Long-term CSI-RS
	Short-term CSI-RS

	Number of ports
	Equal to the number of UE Rx antenna
	Less than reported RI

	Directionality
	Cell-specific, broadcast
	UE-specific, beamformed

	Example periodicity
	160 ms
	5 ms



Because short-term CSI-RS is UE specific, its overhead would be proportional to number of UEs. However based on current FTP model, the concurrent user is not more than 4 for typical data load; assuming each UE has two 2Rx antenna, then the maximum number of CSI-RS port for each UE is 2, which translates to the same overhead as current 8 CSI-RS ports. The total CSI-RS overhead, even in the extreme case, will not exceed totally 16 CSI-RS ports, which is quite acceptable in current LTE system.
3. Simulation results of feedback based on hybrid RS
Performance evaluation results of feedback based on hybrid RS are shown in this section, while beamformed CSI-RS is applied as the baseline in FDD system and single layer transmission using channel reciprocity is applied as the baseline in TDD system. 3D-UMi with 200m ISD and antenna configuration (8,4,2,64) with one-to-one mapping are applied in the simulation. Assuming there are total 8 beams for beamformed CSI-RS, and each beam can transmit 8-port CSI-RS every 5ms. For hybrid RS scheme, eNB transmits long-term CSI-RS every 160ms, and transmits 2-port short-term CSI-RS every 5ms. UE only has one transmit antenna for SRS transmitting, and up to 2-layer could be transmitted per UE in hybrid RS scheme. Assume there are 3 symbols for DL CCHs, 2 CRS ports and DMRS with 12 REs per PRB. Therefore, the overhead is calculated in Table 2, where NUE represents the number of concurrent users.
Table 2. Overhead Comparison
	
	TDD
	FDD

	
	Baseline
	Hybrid RS
	Baseline
	UL overhead compression
	Hybrid RS

	DL (RE/subframe)
	DL CCHs + CRS + DMRS
	60
	60
	60
	
	60

	
	CSI-RS
	0
	64/160+ NUE*2/5
	8*8/5
	
	64/160+ NUE*2/5

	UL (bit/subframe)
	RI
	0
	1/160
	1/160
	(1+3+4)/160
	1/160

	
	Co-phase (or PMI)
	0
	1/5
	max. 8*8/5
	4/5
	1/5


We can see that, hybrid RS scheme can reduce a lot of PMI feedback and CSI-RS overhead in FDD system. The PMI feedback overhead is 1/64 of baseline, and CSI-RS overhead is 16% of baseline assuming 4 concurrent users in system. In order to reduce feedback overhead of the baseline scheme in FDD system, the 8 beams from vertical direction could be long-term selected using 3 bits and the PMI feedback could be 4-bit long-term plus 4-bit short term. Thereby, the feedback overhead can be reduced to (1+3+4)/160+4/5, which is still 4 times larger than that of Hybrid RS scheme. Further more hybrid RS scheme can achieve dual-layer transmission in TDD system compared to the baseline transmission schemes.
Table 3 and 4 give the system level simulation results of the hybrid RS using Full Buffer traffic model and FTP traffic model in both TDD and FDD system. 
Table 3. System level simulation results using full buffer traffic model
	
	TDD
	FDD

	
	Baseline
	Hybrid RS
	Baseline
	Hybrid RS

	Cell average (bps/Hz)
	2.337
	2.796
	2.660
	2.819

	Cell edge (bps/Hz)
	0.1634
	0.1557
	0.1068
	0.1052



Table 4. System level simulation results (SU-MIMO with 1TxSRS) using FTP traffic model (λ=3.3)
	
	TDD

	
	Baseline
	Hybrid RS

	5% UPT(Mbps)
	8.9 
	8.7

	50% UPT(Mbps)
	23.3
	28.4

	Mean UPT(Mbps)
	21.4
	31

	RU
	46%
	35%



From Table 3, we can see that in TDD system, hybrid RS scheme can improve average cell throughput by 20% with 4% performance loss in cell-edge. In FDD system, average cell throughput is increased by 6% and cell edge throughput is decreased by 2% while using hybrid RS scheme. Besides, hybrid RS can reduce a lot feedback overhead in FDD system.
From Table 4, in TDD system, although 2% performance loss is observed in 5% UPT, hybrid RS scheme can still improve 50% and mean UPT by 22% and 45%, respectively. Moreover, RU is reduced by 11% while adopting hybrid RS scheme.
4. Conclusions
In this contribution, we give the system level simulation results of feedback framework based on hybrid RS, which is potentially applicable to diverse antenna configurations. The simulation results using full buffer traffic model show 20% average cell throughput improvement could be obtained in TDD system. In FDD system, average cell throughput is increased by 6% and cell edge throughput is decreased by 2%. Besides, hybrid RS can reduce a lot feedback overhead in FDD system. When FTP model is used in TDD system, although 2% performance loss is observed in 5% UPT, hybrid RS scheme can still improve 50% and mean UPT by 22% and 45%, respectively. Moreover, RU is reduced by 11% while adopting hybrid RS scheme.
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Annex
Table 1: 3D-MIMO Evaluation Assumptions 
	Parameters
	Values

	Homogeneous scenarios
	3D-Umi ISD 200m

	Polarized antenna modeling
	Model-2 from 36.873

	Traffic model 
	Full Buffer, FTP 1

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	3D-Umi ISD 200m: 2GHz

	Downtilt
	3D-Umi ISD 200m: 100 degree

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions,

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Duplex Mode
	TDD and FDD

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	SRS
	CQI reporting triggered per 5ms 

	Transmission scheme
	Feedback delay is 5 ms 

	SRS
	1Tx, 5 ms periodicity, wideband

	Transmission scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation (no CoMP)

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)



Table 2: BS Antenna Configuration 
	Parameter
	Values

	Number of columns (N)
	4

	Antenna Polarization (P)
	P = 2: cross-pol (eNB: +/- 45 deg, UE: 0/90 deg)

	Horizontal antenna element spacing dH
	0.5λ

	Antenna element vertical radiation pattern (dB)
	

	Antenna element horizontal radiation pattern (dB)
	

	Combining method for 3D antenna element pattern (dB)
	

	Maximum directional gain of an antenna element GE,max
	8 dBi

	Vertical antenna element spacing and Number of antenna elements with the same polarization in each column (dV , M)
	(0.8 λ, 8) 
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