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1. Introduction

In the RAN1 #47 meeting, contributions related to rank feedback and rank adaptation have proposed frequency dependent rank feedback and adaptation in [1] and evaluated its performance in [2]. 

The simulation results in [2] indicate that a total flexible feedback and DL MIMO allocation in respect to the transmission rank/number of transmission layers, provides a gain of <4% for 2TX antennas and <~3% for 4TX antennas for LMMSE receivers. With the application of advanced receiver types (LMMSE-SIC), the gain drops even further to less than <1.5% in average sector throughput according to [2].

In this contribution, we have a closer look on the effect of frequency-dependent rank specific feedback and frequency dependent DL multi-stream rank adaptation on the DL signaling overhead.

2. UL feedback of frequency dependent DL SU-MIMO rank 
In order to allow frequency-dependent rank adaptation as e.g. illustrated in Fig. 5 of [1], the eNodeB requires the frequency-dependent rank information from the terminal. This information may contain, as mentioned in [2], the preferred precoder and preferred rank indication itself, as well as the CQI according to the preferred rank & precoder as identified by the terminal. 

Therefore, methods reducing the feedback overhead in the frequency domain for the CQI as e.g. described in [3], [4] beside others, cannot be directly applied here. The same thing also holds true for the SU-MIMO precoding information. For each of the resource blocks, the rank in combination with the rank-specific precoder would have to be reported, resulting in a rather larger UL feedback overhead compared to single rank reporting schemes. 
3. Signaling of frequency dependent rank adaptation
In addition to the increased UL feedback reporting described in Sec. 2 as well as [2], the frequency-dependent rank adaptation in the DL requires a larger amount of DL signaling compared to the single rank assumption. It is not just sufficient to signal the number of selected layers in the DL SU-MIMO transmission in general. Either the applied number of layers needs to be signaled for each of the resource blocks or separate frequency domain allocation signaling for each user and possible layers is required. The first option basically results in a multiplication of the signaling overhead related to the transmission rank by the number of RBs.

The second possibility would increase the overhead of the user allocation by a factor of 2 to 4 in case of independent layer allocation signaling, depending if we allow all possible combinations of ranks/number of layers in the DL transmission to a single user. This overhead could be slightly decreased by signaling the relative layer allocation within the RBs/bandwidth allocated to that specific terminal. 

In addition, the applied rank specific precoder will have to be signaled to the terminal as well, further increasing the DL signaling overhead in sense of either control signaling or dedicated precoded pilot signals.

However we turn it, the possibility to adapt the rank within the transmission bandwidth in DL SU-MIMO transmission will increase the signaling overhead significantly.
4. Summary and Conclusion
Considering the additional UL feedback reporting and DL signaling that a rank adaptation within the transmission bandwidth requires, the increased complexity for the UE as well as eNodeB scheduler and the rather small sector throughput gains reported in [2] (especially for advanced receivers), there seems to be no reason why frequency dependent rank adaptation for LTE DL SU-MIMO should be supported.
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