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1. Introduction
In RAN1#79, it is observed from our simulation results [2] that huge potential performance gain can be obtained if we increase the number of TXRUs with ideal CSI feedback.     However, CSI feedback complexity and overhead are major issues as number of TXRUs increases.  Vertical/horizontal feedback scheme[3][4][5][6][7] is considered as an effective scheme to reduce CSI feedback overhead and CSI-RS overhead.   The basic idea is to obtain  the individual CSI feedback from vertical and horizontal domains respectively from the UE feedback.  The eNB can then  reconstruct the full dimension CSI based on these two CSIs and perform MIMO transmission according to the reconstructed CSI.   This two domain Vertical/Horizontal (H/V) CSI feedback scheme can be supported in standard transparent way through multiple CSI-RS configurations and CSI processes standardized for Rel-11 CoMP.  This contribution discusses the potential standardization enhancements based on this approach and evaluates the performance gain of the enhancements against  the standard transparent scheme. 
2. Standard Transparent Vertical/Horizontal Feedback Scheme
As discussed in [8], it is desirable to consider multiple antenna configurations with (M,N,Q) so that it can be suitable for different deployment in reality.   In most of the configurations, multiple TXRUs exist in both horizontal and vertical domains.   Compared to full dimension feedback, Vertical/Horizontal feedback scheme can reduce the CSI-RS overhead and complexity of CSI feedback.  The Vertical/Horizontal feedback scheme can be described in the following steps:
Step 1: 
eNB configures the UE two CSI-RS resources.  One CSI-RS resource is for CSI measurement in horizontal domain.  Considering full dimension channel HTXRU, it is done by CSI-RS port virtualization PH so that CSI-RS ports only exist in horizontal domain.    i.e. HH,port = HTXRU PH.   Another CSI-RS resource is for CSI measurement in vertical domain with CSI-RS port virtualization Pv  so that CSI-RS ports exist in vertical domain only  i.e. Hv,port = HTXRU Pv.   It is illustrated in figure 1 for the case of (M,N,Q)=(8,4,16).  PH consists of virtualization vectors wH,i while Pv consists of virtualization vectors wv,i  .  In this case, number of vertical ports is 2 ports.  Number of horizontal ports is 8 ports with dual polarization.
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Figure 1.  Example of CSI-RS virtualization for vertical domain (left) and horizontal domain(right) for (M,N,Q)=(8,4,16)
Step 2:

Based on the measured channel from the CSI-RS resource in each domain, the UE calculates and feeds back CSI individually for each domain.  The current multiple CSI-processes supported in TM10 can be re-used so that the UE feeds back two sets of RI/CQI/PMI (i.e. RIv/CQIv/PMIv &  RIH/CQIH/PMIH) to the eNB.
Step 3:
The eNB reconstructs full dimension H by performing kronecker product of PMIH and PMIv.    

i.e.  W= W(PMIv) 
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 W(PMIH)
For CQI, there is no good way to combine two CQIs without any standardization.  Here MCS is determined by adjusting the CQIH with an positive offset and OLLA is also performed.
Based on this method, we can reduce the number of CSI-RS ports to MTXRU for vertical domain and NTXRUP  for horizontal domain which significantly reduce the CSI-RS overhead and CSI feedback complexity.   The increase of TXRUs only linearly increases the CSI-RS overhead.  Note that this is different from the past scheme in [10] that step 3 which is filtering of phase difference for vertical virtualization weight is added this time. 
3. Enhanced  Vertical/Horizontal  Feedback Scheme
Although standard transparent V/H CSI feedback scheme is simple, there are a few drawbacks which can cause degradation on performance.

· Inaccurate MCS selection

There is no good way to combine the CQIs for horizontal and vertical domain and match with the precoded channel  H(W(PMIv) 
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 W(PMIH)).  This can reduce the accuracy of MCS selection.

· Inaccurate rank 

Like CQI, it is hard to derive the rank from the ranks for horizontal and vertical domain.   In some cases, the full dimension channel should have larger rank although the individual rank of each domain is rank 1.
· Not suitable for less correlated channel

Kronecker product model is only suitable for correlated channel.   When channel correlation is low, the precoder by kronecker product doesn't match well.

Considering these issues, we can consider the following potential enhancements:

· Aggregated CQI

Aggregated CQI can be fed back by the UE.  It can be calculated based on the vertical/horizontal CSI-RS resources e.g. by doing kronecker product on the measured channels.
· CQI based on Aperiodic precoded CSI-RS
After obtaining the precoder w by kronecker product, the eNB can trigger and transmit an aperiodic preocded CSI-RS with virtualization using the precoder as described in [9].  This approach may incur extra delay though.
· Horizontal/Vertical feedback with full dimension CSI-RS

One to one TXRU-CSI-RS mapping is used for this approach so that full channel can be measured by the UE.  To reduce feedback overhead, two PMIs PMIH  and PMIv   can be still obtained for horizontal/vertical domain respectively.   RI and CQI can be obtained based on the precoded channel  H(W(PMIv) 
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 W(PMIH)).  This approach requires higher CSI-RS overhead and UE processing complexity.  Therefore, it may only be applied to the case of 16TXRUs.  Application on higher number of TXRUs should be carefully investigated.

4. System Level Performance
In this section, system level evaluation results are provided to compare the performance of different H/V feedback schemes.

 Scheme 1 - standard transparent H/V feedback scheme with two CSI processes 
Standard transparent scheme described in section 2 is used.  To determine MCS, CQI in horizontal domain is adjusted by an offset which is 2dB.  

Scheme 2 - CQI based on Aperiodic precoded CSI-RS
Scheme described in section 2 is used to obtain two PMIs PMIH  and PMIv  i.e. by two virtualized CSI-RS resources.   The precoder w is obtained at eNB by kronecker product, W(PMIv) 
[image: image6.wmf]Ä

 W(PMIH).  UE-specific Aperiodic CSI-RS is transmitted by eNB using this precoder w.
Scheme 3 - Full dimension CSI-RS

Full dimension channel is measured from the CSI-RS with one-to-one CSI-RS to TXRU mapping.  Exhaustive search  of any combination of PMIH  and PMIv  and pick the best combination to generate highest throughput with RI and CQI based on the precoded channel H(W(PMIv) 
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 W(PMIH)).
Table 1: Performance of UMi with FTP model 1 with high load, offered load=16Mbps
	Scenario/

Offered Load
	Scheme
	RU
	Mean UPT (Mbps)
	5% UPT 
(Mbps)
	50% UPT (Mbps)

	UMi 

with Offered load =20Mbps
	Scheme 1
Standard Transparent
	0.84
	18.10
	1.35
	13.38

	
	Scheme 2
CQI based on Aperiodic precoded CSI-RS
	0.74
	21.70(20%)
	2.17 (61%)
	17.39(30%)

	
	Scheme 3
Full dimension CSI-RS
	0.74
	21.57(19%)
	2.28(69%)
	17.39(30%)


Table 1 show the results for 3D-UMi scenarios. It can be observed that all the enhancement schemes provide significant gain compared to the standard transparent scheme.  The gain on mean UPT is around 20% and the gain on 5% UPT is even larger.   Among the schemes, scheme 3 with full dimension CSI-RS provides the largest gain.  As analyzed in [11], the overhead of full dimension CSI-RS may be acceptable in this case.   However, if the number of TXRUs is further increased, the overhead can offset the gain. Scheme 2 can save overhead while keeping most of the gain.   
5. Conclusion
In this contribution, Vertical/Horizontal CSI feedback schemes are discussed.  Enhanced schemes are compared to the standard transparent scheme and significant performance gain is observed.  Enhancements should be considered in the study of Vertical/Horizontal CSI feedback.  
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Appendix A
Table A.1 Simulation parameters 
	Parameters
	Assumptions

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

	Channel Model
	 3D-UMi 

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	41dBm 

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: 16Tx cross-polarized antenna

Receiver: 2Rx cross-polarized antenna at UE

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

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

Ideal channel covariance R 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, File size is 0.5 MByte

High load case i.e. RU≈70%

	Feedback Assumption
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation, based on IMR for interference measurement
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