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1. Introduction
Dual layer beamforming, as an enhanced transmission scheme, is supported in Rel-9. Feedback options for dual-layer beamforming were discussed intensively throughout the contributions proposed by several companies [1-4]. According to the agreed way forward in RAN1#58, TxD based and also PMI based feedback modes are supported for both TDD and FDD. In addition the following agreements are also reached:
· Baseline: No PMI feedback for TDD and FDD
· PMI based feedback is also supported for TDD and FDD

· Re-use Rel-8 feedback modes as much as possible
For TDD, channel reciprocity could be fully utilized to improve the system performance of the dual layer beamforming transmission scheme. In [2], feedback mechanism of TDD systems was analyzed for dual layer beamforming. It is shown that in case antenna switching is supported by the UE, TxD based feedback offers the optimal performance. A reasonable performance is still achievable for TxD based feedback even if only partial CSI is available at eNB side.
In this contribution, we analyze the feasibilities of several possible feedback modes for dual-layer beamforming in TDD system. The system-level evaluation results for some feedback options are also provided. Considering the agreed way forward and timeframe of Rel-9 WI, re-use of Rel-8 feedback mechanisms with minimal specification changes are preferred.

2. Feed back mechanisms for dual-layer beamforming
2.1. PMI based feedback 

As discussed in [6-9], long-term statistics can be utilized to form the beams for both FDD and TDD system with correlated antenna arrays. Meanwhile, information regarding short term DL channel condition can be fed back in the uplink. PMI/RI feedback similar to Rel-8 is a natural solution, considering that Rel-9 is an extension of Rel-8. With the estimated DOA or covariance matrix [9], beams toward a UE can be generated by two polarized sub-arrays at eNB side. Furthermore, a precoding matrix applied for the equivalent channel after beamforming is selected based on UE’s PMI feedback. This is referred as the PMI based feedback in [10]. Consequently, CQI feedback mechanism defined for close-loop spatial multiplexing mode can be reused in dual-layer beamforming transmission for both FDD and TDD. With long term statistical channel information (e.g. DOA), reported CQI can be revised at eNB side. 
For the array with small spaced and co-polarized elements, especially in the case when GoB based scheme are implemented, the optimal beamformer is less sensitive to the variation of channel in both time and frequency domain [6-9]. Thus, the selection of beamforming granularity for each co-polarized array has trivial influence on the performance of PMI+GoB based approaches. The short-term spatial channel characteristic for the equivalent channel after grouped beamforming, on the other hand, is critical for dual-layer transmission. In PMI based feedback, the short-term fluctuation nature is just captured by the reported PMI. However, due to the limited size of Rel-8 codebook for 2 CRS case, the PMI based feedback doesn’t show significant sensitivity to the precoding granularity. In addition, the eNB can further constrain the selection of precoding matrices via the RRC signaling of CodebookSubsetRestriction. With CodebookSubsetRestriction, instead of the adaptive selection of PMI, even a fixed 2×2 precoding matrix can be chosen from LTE Rel-8 codebook for the beamformed equivalent channel.
In PMI based feedback, CQI for each codeword is calculated based on the channel knowledge measured from CRS and the reported precoding matrix. The UE can, to some extent, take the inter-layer interference and detection algorithm into account when calculating the CQI(s). However, as the equivalent 2×2 channel after beamforming is always unknown to the UE, unlike the close loop spatial multiplexing in LTE Rel-8, PMI based feedback doesn’t result in a accurate CQI estimation for rank =2 transmission. Denote the downlink channel as
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where 
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is downlink channel matrix between sub-array j at the eNB side and receive antenna i at the UE side. The channel seen by UE from 2 CRS ports is        
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                  (2)
G represents the sector beam weight vector used for each polarization, e.g. G=[-0.2421+0.3241i, -0.4938+0.8696i, -0.4938+0.8696i, 0.2603-0.5622]T. Based on (2), UE may report CQI for each layer under the assumption that certain precoding matrix is being used at eNB side. The actual equivalent channel after beamforming, on the other hand, is denoted as
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where 
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 is the beamforming vector for the ith polarization. Based on
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measured from CRS, even though the detection algorithm used by UE and the inter-layer interference are taken into account in calculating the feedback information, the actual interference level and also the real channel qualities still cannot be reflected in the reported CQIs. Furthermore, the separate beamforming performed within each sub-array and limited codebook size lead to inevitable loss in performance for PMI based approaches.    
2.2. TxD based feedback 

If full channel state information can be obtained by SRS, downlink MIMO can be implemented with non-codebook based global optimized precoding. A CQI observed from CRS is reported by the UE. Based on the channel knowledge obtained through the measured SRS, proper modification of the reported CQI can be done for both layers at eNB side. Therefore, the transmission rank can also be determined by the eNB. When transmit antenna switching is not supported by a UE, non-codebook based precoding is still feasible in TDD system even with partial channel information. At the eNB side, one effective beamforming vector for one UE Tx antenna can be obtained based on the measurement of corresponding SRS transmission. The eNB may assign a random beamforming vector orthogonal to the known beam for another layer. Furthermore, relevant channel statistics information may be utilized to further optimize the precoder [2, 12]. 
The CQI feedback mechanism defined for transmission mode 7 in Rel-8 can still be reused for dual-layer beamforming. A single CQI is fed back based on all available CRS. Adjustment at eNB side is needed to revise the CQI for each layer according to the beamforming gain and the eigenvalues of channel covariance matrix. In order to obtain a stable AMC loop, the ratio of two eigenvalues may be averaged over longer period in time and frequency domains. The transmission rank can also be determined from the relative condition number of channel covariance matrix and the reported CQI. In TxD based feedback scheme, since only one CQI is reported by the UE, the details regarding UE detection and the level of residual inter-layer interference are not considered in the reporting. However, as the channel qualities for both layers are already implicitly fed back via SRS transmission, the AMC loop can be adjusted at eNB side. In addition, the mismatched CQI feedback can be further compensated via some other link adaptation approaches with higher reliabilities.  
For dual-layer beamforming, the fundamental difference between CRS based measurement and DM-RS based transmission results in the underlying risk of mismatch in CQI feedback. Intuitively, CQI reported by UE might be compensated with the assistance of by an offset which is obtained from the averaged difference between TxD based CQITxD and DM-RS based measurement. However, as the DM-RSs for any UE are located in the scheduled resources only. Although the offset can be averaged over several transmissions, and the TxD based CQI is still achievable when no DM-RS measurement is available at UE side, the interval between each scheduled transmission may be large enough to make this approach meaningless. Also, the impacts arose from the introduction of DM-RS assisted approach should be considered carefully.  
3. Evaluation results

In this section, we compare the performance of several transmission and feedback schemes via system simulations. The spectral efficiencies for the five transmission schemes are shown in Table 1. The beamforming granularities for all cases and the precoding granularity for the case with fixed PMI are 6 RBs and wideband respectively. In other words, the beamforming vectors for both layers and the ratio of the two maximal eigen-values are obtained by averaging 
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 over 6 contiguous RBs for the case of partial CSI. When full CSI is available at eNB, EVD based dual-layer transmission with TxD based feed back results in optimal performance. Due to the limited beamforming gain obtained from each subset of all the available array elements, even with partial CSI, the TxD based feedback scheme still outperforms the PMI based approach. Also, due to the limited size of Rel-8 codebook for 2 CRS case, both fixed and adaptive PMI based schemes exhibit similar performances.
Table 1. Spectral efficiency of different transmission and feed back schemes
	SU Rank1/2 adaptation
	Cell edge spectral efficiency (bps/Hz)
	Cell average spectral efficiency (bps/Hz)

	Full CSI/ TxD based feedback/ 6RB
	0.066
	1.976

	Partial CSI/ TxD based feedback/ 6RB
	0.060
	1.890

	PMI+GoB/ 6RB
	0.040
	1.769

	Fixed PMI+GoB/ 6RB
	0.040
	1.768

	Fixed PMI+GoB/ 1RB
	0.045
	1.793


4. Conclusions
For dual-layer beamforming, the fundamental difference between CRS based measurement and DM-RS based transmission results in the underlying risk of mismatch in CQI feedback. Although the inter-layer interference and details regarding UE detection algorithm are unknown to the eNB for TxD based feedback, the channel qualities for both layers are already implicitly fed back via SRS transmission. Therefore TxD based feedback offers more flexibilities for eNB to make decisions on the selection of beamforming vectors and the modification of CQIs for both layers. In addition, the mismatched CQI feedback can be further compensated via some other link adaptation approaches with higher reliabilities. 
Considering the agreed way forward and time frame of Rel-9 WI, reusing Rel-8 feedback mechanisms with minimal specification changes are preferred.
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Appendix1: System-level simulation assumptions 

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 sectors per site

	Inter-site distance
	500m

	Load
	10 UE per sector

	Bandwidth
	10MHz

	Total BS TX power 
	46dBm – 10MHz carrier

	BS antenna gain plus cable loss
	14 dBi 

	UE antenna gain
	0 dBi

	Noise figure at UE
	9dB

	Distance-dependent path loss
	L=I+37.6log10(R), R in kilometers, I=128.1 for 2GHz

	Minimum distance between UE and cell
	>= 35 meters

	Lognormal Shadowing with shadowing standard deviation
	8 dB for macro cell

	Penetration Loss  
	20dB

	Channel model
	SCM-E 

	UE speeds of interest
	3km/h

	Number of antenna elements (BS, UE)
	(8, 2)

	Antenna separation (BS, UE) 
	(0.5λ, 0.5λ)

	Antenna polarization 
	BS cross polarization,  UE co-polarization 

	CQI /ACK/NAK feedback delay
	Follows TS 36.213 (TDD UL/DL configuration 1)

	Control and RS overhead 
	3 OSs DL control/ 2 CRS ports/ 12 REs DRS per PRB

	Scheduler
	Proportional Fair

	CQI feedback scheme
	Reuse transmission mode 4 and 7 in Rel-8

	HARQ
	HARQ-CC, Maximum 4 transmission times, Maximum HARQ process follows 3GPP TS 36.213 (TDD UL/DL configuration 1)
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