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1. Introduction
The need of DL dedicated RS for the support of beamforming for LTE has been discussed. The support of dedicated RS for TDD FS2 has been agreed based on [1] specifically mentioning the need for an evolutionary approach related to 8 TX antenna deployment in 1.28Mcps TDD. For LTE FDD and TDD FS1 such a decision could not be taken yet. 
In this contribution we shortly summarize the discussion points related to dedicated beamforming for LTE laid out in RAN1 so far. 

2. Summary of the discussion points in RAN1

In this section we try to summarize the points raised in RAN1 meetings related to beamforming so far:
· Need for dedicated non-codebook direction-of-arrival (DOA) based beamforming: In [2] it has been pointed out that beamforming based on LTE SU-MIMO for 2 and 4 TX antennas is already supported in LTE. Dedicated non-codebook based beamforming requiring dedicated RS support would be only needed for >4TX antennas. 4 TX antennas are clearly sufficient in order to satisfy the LTE requirements and therefore we don’t see the need to support 8 eNodeB TX antennas. 
· Beamforming gains for more than 4 TX antennas: The comparison of 4TX antenna 3 and 6 sector layouts with 8TX antenna operation with and without MU-MIMO/SDMA have been reported in [3]. The investigations show the same performance of 8 antenna SDMA operation compared to 4TX antenna 6 sector codebook-based beamforming operation. Comparing 8 antenna beamforming operation with 4TX antenna 6 sector codebook-based beamforming operation an improvement in data coverage with a loss in cell throughput is given. 
Please note that only single stream transmission had been considered in all comparisons – SU-MIMO multi-stream transmission has not been taken into account which has been shown to increase the system performance. The throughput of the 4 antenna SU-MIMO eNodeBs would therefore be higher and the cell edge data rate could be improved when trading cell throughput with coverage throughput by changing the scheduling rules. Therefore, the comparison shows only one beamforming mode compared to the other but allows no comparison with the already specified 4TX antenna DL SU-MIMO for LTE. 
Moreover, when investigating the 95% data coverage the common channel coverage has not been taken into account there. Beamforming is a technique to improve the data rate at coverage but cannot improve the coverage itself as such due to the limitation of the common control channel coverage as such.
· Common Channel Coverage: All available power amplifiers need to be used efficiently also for control channels which can be done as e.g. proposed in [3]. But still there is the problem of the beamforming gain that is available for the data channel where beamforming is applicable and the control channel where beamforming can be not applied. In order to improve the coverage by applying a large number of TX antennas, the difference in the order of 10log(8)(9dB for the case of 8TX antennas would need to be compensated by other means. The application of power boosting/borrowing has been proposed [3] and discussed in RAN1. The current control channel structure in LTE is based on time division multiplexing of control channels and shared data channels. Between these channels, no power borrowing can be done. As a consequence, the power boosting/borrowing has to be done within the common & shared control channels, which is a serious issue which needs to be solved in order to enhance the basic operational LTE coverage by using more than 4TX antennas. The number of scheduled users might need to be reduced as mentioned in [3] in order to facilitate some kind of power boosting for the L1/L2 control channels which degrades the possible scheduling gains and corresponding throughputs. The power boosting cannot be applied at all for SCH and BCH in case of the 1.25MHz bandwidth LTE mode and can only be applied very limited for the small(er) bandwidth LTE modes. 
· Interference variations: The utilization of adaptive multi-antenna transmission in combination with packet scheduling results in temporal interference variations affecting system capacity when taking realistic CQI delays into account [4]. In contribution [4] this effect has been shown for 2 TX antennas but it is anticipated that with an increasing number of transmit antennas and the thereby increased spatial selectivity in the beamforming transmission the robustness in link adaptation and resulting system performance would degrade even more due to the “flash-light” effect.
· Utilization of the available TX antennas: One thing that should be also clarified is the utilization of the actual transmission antennas. In case that the 8TX antenna base station transmits all common channels and the common reference signal through all the antennas, as indicated e.g. in [3], the 8 antennas are only used for single stream transmission – spatial multiplexing to a single UE through SU-MIMO therefore would not be possible. Thus it seems that dedicated non-codebook based DOA-based beamforming seems to incompatible with the specified SU-MIMO mode and consequently spatial multiplexing could not be used on such an 8TX antenna eNodeB. 
3. Summary and Conclusions
Taking the open issues laid out in this contribution into account besides the open questions captured in chairman notes of [5], we think that the open issues would need to be solved and clear gains would need to be demonstrated before a dedicated single-stream non-codebook based beamforming mode is specified. We therefore suggest to currently refrain from supporting 8TX antenna non-codebook based adaptive beamforming in LTE FDD and TDD FS1 and the corresponding dedicated reference signals for beamforming.
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