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1. Introduction
Dual layer beamforming, as an enhanced downlink transmission technology, is included in Rel-9 work items [1]. For TDD, channel reciprocity of uplink/downlink shall simplify the application of the beamforming technology. The summary in [2] includes views on the feedback mechanism of dual layer beamforming, which is the focus of this contribution. Further, we provide simulation results of dual layer beamforming for TDD. Our simulations indicate that PMI feedback is not needed for dual layer beamforming in TDD.
2. Discussion
In TDD systems, the frequency band is the same for uplink and downlink, which allows channel reciprocity to be exploited during system designs. From the application in the TD-SCDMA system, beamforming shows significant advantage by exploiting channel reciprocity. Some concerns have been raised on channel reciprocity (based on short term channel information) including SRS channel estimation errors, calibration errors etc. There is a common understanding that antenna calibration is necessary at eNB, while UE antenna calibration is not necessary due to limited impact on performance. Further, note that eNB antenna calibration is a mature technology, already applied in commercial deployments of the TD-SCDMA network. The beamforming vector can be generated based on the average channel correlation matrix over a few physical resource blocks. As a result, the beamforming vector is not very sensitive to channel variation. In the following, some feedback methods for dual layer beamforming are discussed, and the corresponding simulation results are also provided.
2.1. Possible feedback methods
One common beamforming method is the eigen-value based beamforming (EBB) using short term channel information. Another beamforming method is grid of beamforming (GOB), which is based on long term channel information. For FDD systems, PMI feedback combined with GOB is supported based on the conclusion in the RAN1 #57 meeting. On the other hand, the gain from PMI feedback needs to be investigated further for TDD. For TDD systems, EBB is the more suitable choice since eNB can generate the beamforming vector using the UL channel estimation from SRS and the channel reciprocity property. In addition, the EBB algorithm, which is a global precoding technique, is widely employed in TDD systems. Compared to the EBB algorithm, the application of GOB with PMI feedback for TDD systems shall introduce performance loss, since the beamforming vector cannot match the current channel state information accurately. Further, assuming rank adaptation is supported and given the fact that PMI is not needed in single layer beamforming for Rel-8 TDD, it is flexible for dual layer beamforming to fallback to single layer beamforming.
2.2. What is the benefit of PMI feedback?
In this section, simulation results for TDD systems with dual layer beamforming are provided. Three typical transmission schemes are investigated, including PMI+GOB, Grouped GOB and EBB. In our simulations, 8 cross-polarized antennas in the eNB are assumed. For cross-polarized antenna, each 4 antennas with the same polarized direction can be grouped. The DRS pattern is shown in Appendix 1. For the non-PMI feedback scheme, CQI feedback reuses the Rel-8 mechanism of the port 5 transmission mode. The system simulation assumptions are given in Appendix 2. The following are some additional simulation details:
(1) non-ideal assumption:  

a) SRS delay 10ms

b) PMI delay 10ms, CQI delay 10ms, quantization error 1 dB

c) SRS channel estimation error: 10dB mean square error
d)    EVM error: 5%

(2) Overhead: 3 symbols for downlink control channel, 2 CRS, 12 DRS REs per PRB, special subframe overhead in TDD configuration 1

(3) SRS transmission: 2 TX antenna switching
Table 1: Performance of dual layer beamforming, UE speed 3km/h
	TX Scheme
	Cell average spectrum efficiency (bits/s/Hz)
	Cell edge spectrum efficiency (bits/s/Hz)

	Grouped GOB
	1.78(100%)
	0.040(100%)

	PMI+GOB
	1.85(104%)
	0.049(123%)

	EBB
	2.25(126%)
	0.069(173%)
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Figure 1: User spectral efficiency comparison of different schemes
The simulation results in the above table and figure indicate that dual layer beamforming in TDD achieves higher spectral efficiency with the EBB algorithm than the PMI+GOB or Group GOB scheme. The PMI+GOB scheme provides very limited gain over grouped GOB scheme, which is mainly due to the limited number of codewords in the Rel-8 2 x 2 codebook. In Figure 1, it is shown that the PMI+GOB method has relatively small gain over the grouped GOB scheme, for both cell edge and cell center UEs. It is noted that one of the main benefits of dual layer beamforming is to increase UE throughput in high SNR region, compared to single layer beamforming. However, PMI feedback cannot assist to achieve this target. Based on the simulation results, we prefer not to include PMI feedback for dual layer beamforming in TDD.
3. Conclusions
In this contribution, we discuss feedback mechanisms for dual layer beamforming in TDD systems. From analysis and simulations, we suggest:
· No PMI feedback for dual layer beamfoming in TDD systems.
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Appendix1：Dual ports DRSs pattern


[image: image2.wmf]0

=

l

even

-

numbered slots

odd

-

numbered slots

6

R

6

R

6

R

7

R

7

R

7

R

6

R

6

R

6

R

7

R

7

R

7

R

0

=

l

6

=

l

6

=

l


Appendix2: System simulation parameters

	Parameter
	Assumption

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

	Simulation scenarios
	Case1 in TR25.814

	Load
	Average 10 UE per sector

	Antenna Bore-sight points toward flat side of cell 
	


	Users dropped uniformly in entire cell
	

	
	

	Bandwidth
	10MHz

	Total BS TX power (Ptotal)
	46dBm 

	BS antenna gain plus cable loss
	14 dBi 

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	L=I + 37.6log10(.R), R in kilometers

I=128.1 – 2.0GHz

	Lognormal Shadowing with shadowing standard deviation
	8 dB

	Penetration Loss  
	20dB

	
	

	Channel model
	SCM-E

	UE speeds of interest
	3km/h

	Antenna unit pattern (horizontal)
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	Sector beamforming weight
	w1 = [-0.2421 + 0.3241i, -0.4938 + 0.8696i, -0.4938 + 0.8696i, 0.2603 - 0.5622i] for 4+4 polarized antenna;

	
	

	BS antenna configuration
	4+4 polarized
0.5 Lambda

	UE antenna configuration
	 2 (co-polarized),0.5 Lambda

	
	

	Traffic model
	Full buffer

	Link to system interface
	EESM

	
	

	Scheduler
	Proportional Fair

	HARQ
	Maximum 4 retransmission 

	CQI feedback period
	10ms

	CQI feedback scheme
	Reuse transmission mode 7 in Rel-8

	Codebook 
	Rel-8 2x2 downlink codebook

	Receiver algorithm
	MMSE 
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