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1. Introduction

One of the important issues to consider when extending Rel8 beamforming to dual layer operation in Rel9 is design of UE reporting of radio channel related information to the base station. The baseline configuration for dual layer beamforming design is 2 active CRS ports each mapped to a virtual antenna. The physical antennas to be virtualised will typically be a set of narrowly spaced antenna with similar polarisation resulting in high correlation and thus important beamforming gain (2-4 antennas). As we show later we can get important beamforming gain for such a virtual antenna even using long term channel state statistics measured from UL in a separate band (FDD situation).

To gain from the dual layer operation the two virtual antennas should be uncorrelated, and this can be achieved by using dual polarised antenna or by having large spacing between the two virtual antennas. This virtual 2 tx MIMO system can now be operated in similar way as the existing 2tx Rel8 MIMO solution (transmission mode 4 with 2 active CRS ports). 
One of the critical support functions for transmission mode 4 is the CQI/PMI/RI reporting from UE, this function is also needed for dual layer beamforming and so far we believe that the reporting designed for transmission 4 is very suitable also for the dual layer transmission mode and we suggest this to be the base line scheme for operating dual layer beamforming in both FDD and TDD, and for FDD the PMI reporting has been agreed in RAN1#57. In case TDD if full channel reciprocity is available e.g. whenever a capable UE equipped with antenna switching or two Tx chain which both are UE capability defined in Rel8 and sufficient low calibration error is implemented at the base station side, the base station can prioritize to select the precoding vector based on SRS channel estimation though MCS selection may still not be so straightforward to solely rely on channel reciprocity and single Tx-Diversity like single CQI report as defined in Release 8 for dual-layer beamforming. However when full channel reciprocity is not so ideal e.g. due to not all UE would implement antenna switching nor two Tx chain, there would be a question how to select a proper precoding vector as well as MCS for dual-layer beamforming.
In the following we analyse the question of beamforming algorithms and UE reporting. Section 2 analyses the beamforming gain for different types of algorithms and channel state information, section 3 investigates the performance of PMI based reporting for TDD systems and in section 4 we summarise the conclusion.
2. Beamforming for antenna virtualization
As stated in the work item description [2] the release 9 dual layer beamforming feature should be an extension of the release 8 DRS based beamforming feature allowing smooth evolution and possible reuse of existing LCR-TDD antenna arrays. It is thus clear that the antenna deployment scenario for the release 9 beamforming feature is narrowly spaced (λ/2) dual polarized antenna arrays. This also makes very good sense from a practical perspective as such antenna realizes the maximum number of antenna elements per area while typically maintaining a dual rank channel towards the UE.
Using the 3GPP agreed spatial channel model [3] we can deduce that the transmit antenna correlation for antennas with similar polarization will be close to unity even in the Urban Micro scenario where mean azimuth spread at the transmitter is 15 degrees. This means that the optimal beamforming vector (precoder) will be highly correlated with the angle of arrival at the Node B from the UE and only change little due to the small scale fading. Angle of arrival at the Node B for a certain UE can be estimated from UL transmission independent of whether the system operates in TDD or FDD mode. Moreover deriving the beamforming vector from large scale fading will help to reduce channel estimation errors and calibration errors as this process won’t be sensitive to averaging in time domain, and more importantly it is not relying on UE capability of antenna switching or two Tx implementation.
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Figure 1 The relative linear gain for different beamforming algorithms assuming SCM Urban Macro with 4 vertically polarized antennas with λ/2 spacing, 1 PRB compared to single tx transmission.
In Figure 1 we show the results from simulating the beamforming gain at link level with 4 vertically polarized antennas with λ/2 spacing using SCM under two different assumptions:
· Short term BF: Beamforming vector derived in similar way as “ideal short term BF” but now based on channel information including stochastic channel estimation errors (we model phase errors as normal distributed with standard deviation 0.2π), here full channel state information is assumed available at eNB with symmetric UE Tx/Rx chain implemented.
· Long term BF: The beamforming vector derived from the DoA towards the UE.
From the results we note that once UL channel estimation and calibration errors are taken into account, though depending on the level of errors, there could be actually in some cases some advantage for the long term beamforming which is more robust as it averages over long-term channel property, moreover beamforming based on long term averaging works for both FDD and TDD mode hence benefit on maximized implementation reuse.

3. Reusing Rel8 CQI/PMI/RI reporting for dual layer BF
Having understood that using long term averaged channel estimate for deriving the beamforming vector gives the robust and yet close-to-optimal performance in case of beamforming from antennas with same polarization we should extend our discussion to include dual polarized antenna where the correlation between antennas in two different polarizations will typically be low. When correlation is low we can not rely on time averaging to get the needed precoding weight between the two polarizations so only short term type beamforming can be used. However a viable solution for both FDD and TDD would be to get the precoding weight between two polarizations by UE feedback. 

As also mentioned in [8] the Release 8 closed loop MIMO PMI/RI/CQI feedback with two active CRS ports is exactly the solution needed to handle this so our proposal is to include the possibility of Rel8 type of PMI feedback also for TDD in addition to what has been agreed for FDD.

For TDD mode SRS based channel state information could be used to improve the precoding in case full channel reciprocity is present and expected to be reliable. However as SRS transmission with UE antenna switching is only an optional feature for the UE, the eNB can typically only obtain channel state from one UE antenna. This will limit the system level gain from including SRS based channel state information and in most cases relying on the PMI based solution would be sufficient.

Whether SRS based channel estimation could completely replace the PMI reporting for TDD mode is another question. As the CQI will be derived in the UE using an assumption about the precoding applied between the two CRS ports it is important for the eNB to know what PMI the UE has assumed for generating the CQI if good link adaptation is to be achieved. Moreover, DL interference seen at the UE is not known at the eNB so it is not feasible to generate CQI from UL measurements. Finally, TDD channel reciprocity is not universal; there are cases where channel reciprocity is broken, see [4]. In this case PMI would be the viable way to obtain information about the virtual 2x2 channel state.
In Figure 2 we show system level simulation results for PMI solution and SRS based solution with no PMI. From the results we see that PMI based solution has a somewhat better coverage performance than the SRS based solution, supporting our conclusion that PMI reporting should be baseline for both FDD and TDD. For system level simulation assumptions see appendix.
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Figure 2 Performance for release 9 dual layer beamforming for solutions based on SRS and PMI.
3. Conclusions

In this contribution we have shown that in the typical deployment scenario for dual layer beamforming long term beamforming algorithms could be used to optimise the system performance in case some implementation imperfections including channel estimation error, calibration errors etc. starts to hamper the beamforming performance based on short-term channel reciprocity. In case of asymmetric UE Tx/Rx chain, the performance is expected to degrade further. When long term beamforming is combined with dual polarised antenna UE feedback is therefore needed to coherently combine the two low correlated beams to optimise the performance.

Mapping one Rel8 CRS port to each of the polarisation directions and reusing the Rel8 closed loop MIMO PMI/RI/CQI feedback we can obtain the needed PMI/RI/CQI and as this feedback weight will be calculated for the effective DL channel including transmitter and receiver RF parts this solution will be less sensitive to calibration error. 
For TDD systems deployed in conditions where channel reciprocity can be exploited, the SRS based channel state information whenever available and reliable can be used to improve the precoding, but PMI is still needed to have good and reliable link adaptation performance.
Proposal: For Rel9 dual layer beamforming include Rel8 CL MIMO PMI/RI/CQI feedback based on Rel8 CRS ports for both FDD and TDD modes.
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Appendix A – Simulation assumptions
	Parameter
	Assumption 

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

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Log Normal

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern [4] (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	θ3dB= 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2.0 GHz

	Channel model
	8x2 dual polarized SCM, 0.5λ spacing

	UE speed
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	Minimum distance between UE and cell
	>= 35 meters

	Duplexing mode
	TDD

	PS Algorithm
	Proportional fair in time and frequency

	Rank adaptation
	Dynamic

	Control channel
	3 OS (including some common reference signals)

	Reference signal configuration
	CRS: Port 0 and 1 enabled

DRS: 12 RE per PRB

	Transmission Scheme
	DoA beamforming for antenna virtualization in each polarization direction.
Precoding with Rel8 code book on the 2x2 virtual MIMO system.

	UE Channel estimation 
	Ideal

	CQI/PMI reporting
	Per subband, subband size 3

For SRS based transmission only single CW CQI is reported as in Rel8 assuming Tx-diversity

	Sounding configuration
	Wideband single antenna sounding

5 ms periodicity

Sounding estimation errors (normal distributed stochastic phase error with 0.2pi standard deviation)

	HARQ
	Independent HARQ process for each codeword      Maximum 4 Tx attempts

	Outer loop link adaptation
	Enabled, 20% BLER target

	Receiver type
	MMSE

	Layer shifting
	On /off

	Spatial Ack/nack bundling
	On/off
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