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1 Introduction

In the RAN1#58 meeting, a way forward on Rel-9 dual-layer beamforming for TDD and FDD [1] contained the following consensus:
· TxD based and also PMI based feedback modes supported for both TDD and FDD
· 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

In this contribution, CQI/PMI/RI reporting options for dual layer BF are discussed in detail. 
2 CQI/PMI/RI reporting options for dual layer BF 
2.1 TxD based CQI (for baseline mode: No PMI feedback)
This mode is similar to the R8 feedback mode used for single layer beamforming in TDD (transmission mode 7, [3]), where only a single CQI is reported. Here, PMI as well as RI are not fed back by the terminal and the relevant information is derived by the eNB from estimations in the uplink.  

There is however a limitation if only one transmit antenna is available at UE. In this case, the rank obtained from uplink SRS estimation is limited to rank 1 and sub-band beamforming for two layers cannot be performed based on this estimation [2]. This typically limits the rank 2 transmission to wideband beamforming and leads to a performance loss in frequency selective channels as also identified in [4].
Another limitation is that the capability of UE receiver is not fully exploited with TxD based CQI report. For the UEs with an advanced receiver, e.g. MMSE-SIC, it is difficult to obtain SIC gain with TxD based CQI.
2.2 CQI based on fixed precoding (for baseline mode: No PMI feedback)
In [2] it was shown that for dual layer beamforming, even for a single transmit antenna UE, CQI based on a fixed precoding matrix is sufficient for Rel-9 beamforming in TDD and there is no need to explicitly feed back PMI.

For convenience the simulation results of dual layer BF with rank two using different precoding options are shown again in Fig. 1. The detailed simulation assumption can found in the Appendix. 
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Fig. 1. Throughput versus SNR for dual layer BF (rank=2).
From these results it is clear that 
· Dual layer BF using a fixed precoding matrix can achieve nearly the same throughput as with an adaptively selected precoding matrix. 
· If the UE has only a single transmit antenna and only half CSI is available at eNB, dual layer BF with fixed precoding matrix can achieve better performance than correlation matrix based BF. 
2.3 Proposal for baseline feedback principles
Based on these results and the fact that a RI may be needed even in TDD, the following feedback principles are proposed for the modes where explicit PMI is not fed back by the UE: 

· RI is feedback by UE in any case
· TxD based CQI is feedback when RI=1

· Two CQIs with based on a fixed precoding matrix are feedback, when RI=2

The fixed precoding matrix can be indicated via codebook subset restriction.
2.4 PMI based CQI (for explicit PMI feedback support)
This mode is similar to the R8 feedback mode used for closed loop spatial multiplexing. Here, PMI, PMI based CQIs and RI are fed back by the terminal, which makes it particularly suitable for FDD systems.
Since DoA (direction of arrival) of the UL signal is likely to be frequency insensitive, wideband beamforming is generally applied for each co-polarization antenna group in FDD.   
In addition, the precoding matrix reported by UE is used to spatially multiplex the beams from each co-polarized antenna group. However, this precoding matrix is usually calculated based on broad beams, which are different from the beams used for UE specific DL transmission. Therefore, it can not be guaranteed that this precoding matrix is the optimal one for UE specific dual layer transmission in each sub-band and there is no benefit from feeding back PMI with a high frequency granularity. Especially, if only a wideband CQI feedback is available, there is no gain from feeding back multiple PMIs. 

3 Relevant feedback modes from LTE R8
Based on the options described above, the basic feedback modes from R8 that should be supported in R9 dual layer beamforming are identified.
3.1 CQI/PMI/RI reporting using PUSCH

The possible PUSCH reporting modes in LTE R8 [3] are listed in Table 1. According to the above discussion, the following report modes are needed for dual layer BF:
Transmission mode 8 (dual layer BF)
: Modes 2-0, 2-2, 3-0, 3-1
Note that the mode 1-2 seems not needed as discussed in section 2.4.

Table 1: CQI and PMI Feedback Types for PUSCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI
	Multiple PMI

	PUSCH CQI                 Feedback Type
	
	
	
	

	
	Wideband
	
	
	Mode 1-2

	
	(wideband CQI)
	
	
	

	
	
	
	
	

	
	UE Selected
	Mode 2-0
	
	Mode 2-2

	
	(subband CQI)
	
	
	

	
	
	
	
	

	
	Higher Layer-configured
	Mode 3-0
	Mode 3-1
	

	
	(subband CQI)
	
	
	


3.2 CQI/PMI/RI reporting using PUCCH

The possible PUCCH reporting modes in LTE R8 [3] are listed in Table 2. According to the above discussion, the following report modes are needed for dual layer BF:

Transmission mode 8 (dual layer BF)
: Modes 1-0, 2-0, 1-1, 2-1
Table 2: CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


4 Conclusion

In this contribution, possible CQI/PMI/RI reporting modes for dual layer BF are discussed. In summary we find that:
· For the feedback modes supporting PMI and RI the modes available from R8 closed loop spatial multiplexing can be reused
· Feedback mode 1-2 (multiple PMIs together with a wideband CQI) is not needed.

· For the baseline feedback modes without PMI:

· If RI is not supported or if UE indicates RI=1, CQI is TxD based CQI

· If RI is supported and UE indicates RI=2, two CQIs can be derived based on a fixed precoding matrix.
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Appendix ： Simulation assumptions for link level simulations
	Carrier Frequency
	2.0 GHz

	system bandwidth
	5MHz

	UE Speed
	3km/h

	Number of Antennae
	8×2

	Channel Model
	SCM-C (dual polarization)

	Antenna separation (BS) 
	0.5

	Polarization direction（BS）
	(+45 degree,-45 degree)

	Polarization direction（UE）
	(0 degree,90 degree)

	Number of codewords
	2

	AMC
	Yes

Outer-Loop Link Adaptation (OLLA) algorithm. A target BLER of 10% [5] 

	CQI 
	PMI based CQIs for precoding matrix based dual layer BF[2];
TxD based CQI for correlation matrix based dual layer BF[2];

	Rank Adaption 
	fixed rank=2

	HARQ
	NO

	BF processing scheme
	GoB(Grid of Beam, up to 16 beams) combined with precoding matrix [2];

BF based on correlation matrix obtained using half CSI [2]

	PDSCH Channel Estimation
	MMSE channel estimation

	granularity of Beamforming (RB)
	4

	Subband bandwidth of CQI (RB)
	4

	Receiver
	MMSE
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