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1. Introduction

In RAN1 #80bis meeting, channel reciprocity modeling for FDD was discussed.  The modeling method in WINNER II [1] is proposed, a specific model [2] is agreed to be captured in TR36.897.  This model can be used in simulation if FDD reciprocity is assumed to be available. In this contribution, we study the performance when we utilize FDD channel reciprocity to determine virtualization weights of beamformed CSI-RS for each UE. 
2. FDD Reciprocity
In the past, getting channel information through uplink-downlink channel reciprocity is often considered for TDD only.  It has been some studies on how channel reciprocity can be used for FDD [3][4][5].  Through channel measurement, it has been shown that the direction of multi-paths and power ratio of multi-paths can be obtained through uplink-downlink channel reciprocity.  The major difference between uplink and downlink channel is coming from the difference between operating frequencies fd and fu .  This incurs the difference of inter-antenna phase offset between uplink and downlink channels.  Also, the random phase parameter 
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 is different between uplink and downlink channels.  Although fd and fu only differs by less than 5%, the impact on the channel reciprocity accuracy is quite significant if the arrival angles of multipath are large and the inter-antenna spacing is large.  In such cases, the inter-antenna phase offset is large.  The difference on eigenvectors for uplink and downlink channels increases especially when there is a large number of antennas as the maximum inter-antenna distance increases.   

Observation 1：Inter-antenna spacing and multipath directions are the major factors on the channel reciprocity accuracy for FDD

Under correlated channel, for instance LOS channel, the major power concentrates on fewer directions of multi-path.   The eNB can perform linear transformation from the uplink channel Hu obtained via SRS to the downlink channel based on the difference between fd and fu.   Based on this, eigenvectors can be estimated for downlink channel.   Performance of precoding based on this FDD reciprocity is shown to be reasonably good [6] in such channel condition.

Under less correlated channel, there are more scatters and hence more multipaths with significant powers especially for large number of antennas.     Multi-paths are combined at different angles at receiver.   In such cases, the eigenvectors of uplink and downlink have significant difference.   Using direct linear transformation on multi-path may not be accurate enough.   A more accurate model is needed in such case.  If we assume the random phase of each ray is independent for uplink and downlink, obtaining full channel information via channel reciprocity is expected to be difficult.   However, if only long term covariance matrix R is needed,   it is still reasonable and potentially achieve good performance.  
Here we evaluate the difference between uplink and downlink eigensubspace with different dimensions.   Based on the ideal downlink channel covariance matrix and  the channel covariance matrix obtained from reciprocity, two eigen-subspaces based on n strongest eigenvectors  are obtained respectively.   A matching factor p is defined as follows: 
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where d represents the chordal distance between two n-dimension eigen-subspaces.
Figures 1 and 2 show the CDF of matching factor for the cases of 8TXRU and 64TXRU respectively.   Two cases are considered.  One case is to directly compare the ideal downlink R with uplink R.  Another case is to compare the ideal downlink R with the estimated downlink R obtained by transformation based on the difference between fd and fu.  The scenario is 3D-Umi ISD 200 with fd=2.0GHz and fu=1.9GHz
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Figure 1 8TXRU, 4-D  eigen-subsapce                                       Figure 2  64TXRU,4-D eigen-subsapce
According to above results, the covariance matrices matches better for the case of 8TXRU compared to the case of 64TXRU.  For 64TXRU, it is not good if we directly use the uplink channel to determine the eigenvectors of downlink channel.  After transformation based on the difference between fd and fu , the performance improves quite a lot.  It has 80% of chance that the matching factor is larger than 0.9.   
Observation 2： The accuracy of FDD reciprocity improves when transformation based on the uplink and downlink frequencies is done especially for large number of TXRUs.
3. Performance Evaluation 
In [7], we investigate reduced channel dimension scheme with beamformed CSI-RS.   M strongest eigenvectors are used for CSI-RS virtualization.  UE feeds back CSI based on the reduced dimensional channel by measuring the beamformed CSI-RS.  Performance gain is significant for such method.  In [7], we assume ideal downlink covariance matrix can be obtained.  In this section, we model FDD reciprocity to obtain channel covariance matrix.  With error modeling, we evaluate the performance of this scheme.   Two error models are used.  The first error model is  to directly use the uplink channel for CSI-RS virtualization.  Another error model is to transform the uplink channel to downlink channel based on the difference between operating donwlink and uplink frequencies fd and fu .   The CSI-RS virtualization is done based on the channel after the transformation.

                 Table 1: FTP1 simulation results,  (8, 4, 2, 64) , 3D-UMi ISD200
	Scenario
/Offered Load


	Precoder used for CSI-RS
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi ISD200
with Offered Load=20Mbps
	Based on Rd [7]
	0.58
	28.09
	6.14
	25.16

	
	Based on Ru
	0.71
	23.68

(-15.69%)
	3.29

(-46.32%)
	20.18

(-19.80%)

	
	Based on F(Ru,fd, fu)
	0.60
	27.39

(-2.52%)
	5.89

(-4.04%)
	24.36

(-3.18%)



                 Table 2: FTP1 simulation results,  (8, 4, 2, 64) , 3D-UMa ISD200
	Scenario
/Offered Load


	Precoder used for CSI-RS
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMa ISD200
with Offered Load=20Mbps
	Based on Rd[7]
	0.64
	25.03
	4.87
	21.16

	
	Based on Ru
	0.81
	18.71

(-25.25%)
	1.92

(-60.44%)
	14.31

(-32.38%)

	
	Based on F(Ru,fd, fu)
	0.66
	24.23

(-3.22%)
	4.55

(-6.59%)
	20.30

(-4.1%)


It can be observed that the performance degrades a lot when the uplink channel is directly used for determining the weights of CSI-RS virtualization.  The performance loss is much smaller if transformation F(Ru,fd, fu) is done based on the difference between fd and fu.  This shows that similar performance can be obtained for FDD case compared to TDD reciprocity.  
Table 3: FTP1 simulation results,  (8, 4, 2, 64) , 3D-UMi ISD200
	Scenario
/Offered Load


	Vertical beam selection
	Resource Utilization
	Mean UPT (Mbps)
	5% UPT (Mbps)
	50% UPT (Mbps)

	3D-UMi ISD200
with Offered Load=16Mbps
	Beamformed CSI-RS based on CSI-RSRP[8] 
	0.72
	22.69
	3.14
	19.14

	
	Reciprocity based on Ru
	0.75
	21.71

(-4.29%)
	2.59

(-17.43%)
	18.14

(-5.23%)

	
	Reciprocity based on F(Ru,fd, fu)
	0.73
	22.08

(-2.70%)
	2.95

(-5.99%)
	18.57

(-2.97%)


We also evaluate the performance of vertical beam selection using FDD reciprocity and the results are shown in table 3 below.  It can be shown that the performance of using FDD reciprocity can achieve similar performance as using CSI-RS.  This approach can greatly reduce CSI-RS overhead.
It can be observed that FDD reciprocity has a great potential to obtain at least partial channel information.  Therefore, we have the following proposal:

Proposal: FDD reciprocity is considered as one of the CSI acquisition scheme for EB/FD-MIMO. 

4. Conclusion
In this contribution, we analyze the feasibility of using uplink-downlink channel reciprocity for  FDD system.  We have the following observations and proposal:

Observation 1：Inter-antenna spacing and multipath directions are the major factors on the channel reciprocity accuracy for FDD

Observation 2： The accuracy of FDD reciprocity improves when transformation based on the uplink and downlink frequencies is done especially for large number of TXRUs.

Proposal: FDD reciprocity is considered as one of the CSI acquisition scheme for EB/FD-MIMO. 
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Appendix A
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P=8,4,2）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

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

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

ideal channel covariance R，PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes 

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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 based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 


_1493209443.unknown

_1493209490.unknown

_1493208854.unknown

_1426081657.unknown

