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Introduction

In RAN#51 a SI on downlink MIMO enhancements was approved, which included the evaluation of enhancements for MIMO operation in general, in particular focusing on new scenarios and applications, including non-uniform network layouts, lower power nodes, geographically separated antennas as well as relay backhaul. This contribution discusses prioritization of the different studies during the Rel-11 DL MIMO Enhancements SI.
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Enhancements related to Rel’10 investigations
During Rel-10 standardization, several DL MIMO enhancements were proposed and extensively investigated but finally not agreed for inclusion to the LTE specification. These features include MU-MIMO feedback signaling, changes or additions to the 4TX codebook, etc. As the Rel-11 DL MIMO SI description [1] mentions clearly that priority should not be given to re-visiting aspects already sufficiently addressed in Rel-10, we would like to shortly go through the list of scenarios proposed for this SI and try to separate the unnecessary re-visiting/repetition of studies from clearly new issues and items that should be studied during the DL MIMO SI timeframe. 

Non-uniform network layouts:

When considering non-uniform network layouts (and assuming that each of the transmission nodes in the non-uniform deployment is operating using a different cell-ID, and no short-term coordination assumed between them) from single-cell DL MIMO point of view, we see that the main difference lies in the resulting G-factor/SINR distribution compared to traditional homogeneous network layouts. Therefore, we propose to consider non-uniform network layouts in the DL MIMO SI with lower priority as the available Rel-10 DL MIMO features already provide sufficient support for this scenario. 
In particular, for this scenario we suggest to avoid re-visiting the MIMO features which have been extensively studied in Rel-10 already unless significant improvements found. 
Besides, in order to minimize study effort, we propose to reuse the existing 3GPP deployment scenarios fitting non-uniform network layouts as much as possible. Example non-uniform scenarios are defined in previous HetNet/eICIC studies and in the Rel-11 COMP SI. 

Low-power nodes:

Similarly as with the case of the non-uniform network layouts, we think that the MIMO feature needed from a single, low-power TX node is not that different or more challenging compared to the Rel-10 studies. Therefore, we would like to give the same recommendation as for the non-uniform network layout above: we suggest to study this deployment scenario with a lower priority and to avoid re-visiting the already studied features during the Rel-10 investigations in this scenario.

Geographically separated antennas:

The concept of operating geographically separated antennas (by means of e.g. RRHs using the same cell-ID) clearly changes the spatial structure of the channel as such. Moreover, it introduces not just small-scale fading over the transmission antennas, but also large-scale fading and shadowing effects are present considering the combined virtual antenna array given by the distributed antenna elements. One possible enhancement derived from this scenario is the capability for fast adaptation of transmission point within the coverage area of the cell, which is a special case of CoMP operation.
Due to the totally different nature of this DL MIMO operation compared to the previously carried out studies in RAN1 and to the two deployment scenarios mentioned above using physically co-located antennas, we think that this scenario would deserve the most attention during the Rel-11 DL MIMO study item. 

Similar to previous scenarios, we also suggest here to reuse the basic available RAN1 deployment scenarios as much as possible and make only the minimum required adjustments there. Some of our specific considerations on this scenario are presented in [2].

Relay nodes:

LTE Rel-10 already introduced the basic relay functionalities and related DL MIMO features. 

The radio environments of relay backhaul link are quite different from the traditional cellular access link, e.g. different propagation conditions and antenna configurations. Besides, the relay backhaul link adopted DM-RS based R-PDCCH which clearly has an effect on the DL MIMO operation of the related PDSCH. Furthermore, most RNs do not change their location giving more space for optimizing the MIMO operations. 

Therefore, we believe that this specific DL MIMO application scenario shows more potential for possible improvements compared to the non-uniform networks and low-power transmission node scenarios and consequently deserves more attention. 
Summarizing our related proposals here:

Proposal 1: Prioritize the geographically separated antenna scenario and the relay backhaul over the scenarios of non-uniform network deployments and low-power nodes during the Rel-11 DL MIMO SI as these scenarios are representing a real difference in DL MIMO operation mode compared to previous studies.

Proposal 2: DL MIMO features already extensively studied in Rel-10 should not be rediscussed unless strong reasons for a different conclusion are identified.

Proposal 3: Reuse the available RAN1 deployment scenarios from previous or ongoing studies (e.g. eICIC & COMP work) as much as possible and just make the minimum required adjustments to these.
3 


New DL MIMO features proposed in Rel-11 SI
Downlink control based on UE-specific RS has been proposed in [1] to be studied as part of the Rel-11 SI. The capacity of the downlink control channel poorly matches that of the shared data channels for certain traffic types and channel characteristics. The reason for this is that the shared data channels can use HARQ, frequency dependent scheduling, higher order modulation as well as multi antenna techniques in order to enhance the transmission. Hence, PDCCH enhancements (E-PDCCH) exploiting UE-specific RS could be used to increase the overall downlink control channel efficiency and control channel overhead flexibility. Further considerations for downlink control based on UE-specific RS can be found in [3].

E-PDCCH had not been studied during Rel’10 and the full standardization impacts are still slightly unclear at this moment requiring further study. Therefore, the related studies will need attention during the Rel-11 DL MIMO SI.

Proposal 4: Studies on E-PDCCH should be one of the priorities of the Rel-11 DL MIMO enhancements study item.
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Conclusions
In this contribution we presented our view on the possible prioritization of the RAN1 work related to the Rel-11 DL MIMO enhancements study item. The conclusions are that investigations already carried out during Rel’10 standardization should not be repeated in the new scenarios unless there are clear indications that conclusions could be substantially different. Moreover, more focus and higher prioritization should be given to new DL MIMO features and/or scenarios substantially changing DL MIMO operation. Consequently, the following proposals are made: 
· Proposal 1: Prioritize the geographically separated antenna scenario and the relay backhaul over the scenarios of non-uniform network deployments and low-power nodes during the Rel-11 DL MIMO SI as these scenarios are representing a real difference in DL MIMO operation mode compared to previous studies.

· Proposal 2: DL MIMO features already extensively studied in Rel-10 should not be rediscussed unless strong reasons for a different conclusion are identified.
· Proposal 3: Reuse the available RAN1 deployment scenarios from previous or ongoing studies (e.g. eICIC & COMP work) as much as possible and just make the minimum required adjustments to these.
· Proposal 4: Studies on E-PDCCH should be one of the priorities of the Rel’11 DL MIMO enhancements study item. 
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