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1. Introduction

A new Release 9 work item [2] for extending Release 8 single-layer beamforming to dual-layer transmission was approved during the recent RAN Plenary meeting. In order to progress this work item, an email discussion was carried out before RAN1#57 where the major issues related to dual-layer beamforming transmission were discussed and summarized [8].
Though some of the issues are on the trend of converging with clear majority support, some other issues remain to be with largely different view. To facilitate the discussion and progress of the work item, we provide some further investigation on those controversial issues e.g. the dedicated reference signal (DRS) design is available in [1] where one of the question to us particularly from Rel9 dual-layer beamforming DRS design is that if dynamic rank adaptation is supported (i.e. Rel9 dual-layer beamforming support both rank-1 and rank-2 transmission, and eNB can change the beamforming transmission between rank-1 and rank-2 in a per-subframe base) which seems to be the preference from almost all companies, what are the implications and consequences to Rel8 single-layer beamforming feature (not necessarily negative) given the overall LTE Rel8 deployment progress and short interval between Rel8 and Rel9. Regarding to the need for UE calibration, please find in [5] for more detailed analysis and investigation by simulations. And in [6], we present the performance evaluation including discussion of the need for a new MU-MIMO solution within very short Rel9 time frame.
2. Beamforming and Feedback signalling
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.
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Figure 1 The received power at the UE for different beamforming algorithms assuming SCM Urban Macro with 4 vertically polarized antennas with λ/2 spacing (narrowband simulation).
In Figure 1 we show the results from simulating the beamforming gain with 4 vertically polarized antennas with λ/2 spacing using SCM under three different assumptions:
· Ideal beamforming vector

· Beamforming vector derived based on long time averaged channel estimate

· Beamforming vector derived based on short term channel estimate including stochastic channel estimation error and calibration errors (we mode errors normal distributed error with standard deviation is 0.2π).
From the results we note that once channel estimation 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.

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 similar polarization we should extend our discussion to include dual polarized antenna where the correlation between antenna 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 an viable solution for both FDD and TDD would be to get the precoding weight by UE feedback as the DL channel estimation is much more accurate as it is based on the DL common reference signals which are transmitted with very high density in both time and frequency domain. Moreover channel estimation in DL is based on the effective DL including the proper effects of RF imperfections, and not relying on additional requirement for certain UE implementation conditions (e.g. dual-Tx antenna or antenna switching) etc. 

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 for both TDD and FDD, and channel reciprocity based short/long-term beamforming could still be used whenever it is applicable and beneficial. 

Finally we also mention that there are cases where channel reciprocity is broken, see [4]. In this case PMI could also be very useful fallback solution for TDD systems which would normally rely on the channel reciprocity.
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. When long term beamforming is combined with dual polarised antenna UE feedback is therefore needed to 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. 
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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