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1
Introduction

During RAN#51 plenary [1], further investigations on DL MIMO enhancements have been started, mainly targeting single cell operation as multiple cell transmission is the subject of a different study item. LTE MIMO had a solid evolution path since the very beginning of the system design, to date having 4 layer MIMO operation in Release 8 and 9, and up to 8 layer operation in Release 10. Moreover, while Release 10 brought a new design for 8 layers, it also considered enhanced transmission of 4 Tx MIMO in specific environments like cross-polarized antennas. 
Even with such a strong legacy evolution, 3GPP sees room for further development and optimization of DL MIMO. Defining new scenarios and considering virtually the whole MIMO design re-opened for further changes, we would observe that the new study item is having a rather wide investigation scope. In the following we share our views on the proposed scenarios to be analysed and on the related legacy impact.
2
Release 11 single cell MIMO objectives
From the Release 11 single cell MIMO Study Item description one may summarize several main objectives: 

· issues from real life network deployments, 

· new MIMO scenarios, 

· CSI feedback enhancements for different deployments and scenarios, 

· PDCCH enhancements

· open loop MIMO techniques
While there are no real life LTE Release 10 MIMO deployments to date, there may indeed be a need to revisit previous designs in the light of the LTE standard evolution and a more clear view upon MIMO operation from the system design point of view. We are discussing in more detail real life MIMO issues in a companion paper [2], PDCCH enhancements in [3] and open loop MIMO aspects in [4], while views on CSI feedback enhancements are presented in [5].
3
Scenarios
Several network deployments have been proposed for study: non-uniform networks, relay backhaul scenarios and practical antenna configurations. 
Single cell macro-nodes with practical antenna configurations. Single cell operation has been extensively considered during previous releases: studies have been conducted with various numbers of transmit antennas (2Tx, 4Tx, 8Tx) with various configurations (co- and cross-polarized) in various wireless channels. These extensive studies led to the codebooks for 2Tx, 4Tx and 8Tx while additional studies for feedback optimization have been extensively performed as well [5]. We see further optimization of such baseline scenarios having the lowest priority if any.

Relay backhaul. Release 10 contains the specifications for relay operation. The backhaul design was typically following the single cell design, with obvious changes where required, for example the R-PDCCH design. In terms of MIMO operation, relay backhaul is based on same DM-RS as in the macro case (with the note that a punctured pattern may be used). Up to four layers are supported while precoding is done with the aid of Release 8 and Release 10 codebook. Giving the fact that a line of sight component is highly probable to be present when relays are deployed, the current relay operation might be already over-designed in terms of MIMO support. We do not envision any immediate needs for further enhancing MIMO for relay operation.

Non-uniform network deployments. An interesting scenario inherited from CoMP SI is scenario 4 of macro-node and RRHs, considering both outdoor and indoor deployment. Operation of the so called “single cell ID” scenario has been described in detail in several papers [5], [6], [7]. The basics of scenario 4 are not new, as Release 10 eICIC considered similar cases. However, it was with light coordination between the macro and the RRH layers and by semi-statically coordinating specific time resources. The purpose of RRH deployment in a macro is for enhancing the high traffic in local areas, i.e., hotspots, and increasing the overall system capacity. Compared to the Release 10 eICIC, it is expected that higher gains are available through joint utilization of the antenna arrays from the macro and RRHs. While in CoMP framework one can discuss about JT and CB/CS-CoMP, if single cell ID is utilized, this scenario boils down to the typical single cell MU-MIMO operation where a flexible number of transmission points can serve the UEs. However from feedback specification perspective, e.g. in terms of feedback modes, there may not be much difference between scenario 4 and CoMP as in both cases the UE will be essentially configured with a number of CSI-RS ports for which feedback should be provided.
Proposal: Non-uniform network deployment of macro-nodes and RRHs (scenario 4) should be the main scenario to be prioritized.

4
Legacy impact
In the new scenario of macro-node and low power RRHs, there is a mix of legacy release users which need to coexist in the new setup. There are two main open issues for legacy users addressed here: 1. use of single frequency network (SFN) type of transmission for CRS/sync channels; and 2. UL measurements for transmit point selection/association. Furthermore as pointed out in [2], interference measurements done by legacy UEs are problematic in this new scenario since they tend to reflect the interference coming from outside the whole single cell ID area.
Use of SFN transmission

Common reference signals are currently used for PDSCH and PDCCH (as well as PCFICH/PHICH) reception by Release 8/9/10 UEs, while also synchronization signals (PSS/SSS) and broadcast (PBCH) channels are transmitted from the macro-node. In a scenario with distributed antennas it is envisioned that an SFN type of transmission is to be employed for these signals. A more interesting case is for Release 10 UEs  which operate on CRS for control and other channels while only TM9 PDSCH demodulation is performed on DM-RS. This means that in the new scenarios, the TM9 PDSCH transmission happens from the associated transmit points, while other channels are served in a SFN mode. Usage of SFN transmission can be translated in gains for these legacy UEs, especially if we consider the counterpart of this scenario where interference is created because of the cell IDs of the RRHs.
UL measurements

The critical component for the distributed antennas scenarios is the usage of UL measurements for transmit point association. While Release 11 is open for design, previous releases 8/9/10 are locked in the current specification. However, apparently only TM 9 Release 10 might suffer as it combines the usage of CRS and DM-RS for control and data demodulation respectively. While SFN transmission (hence the CRS usage) is done in a transparent way and UL is not necessarily involved, for TM 9 Release 10 the correct transmit point association is key and directly impact the PDSCH performance. 

5
Conclusions
Proposed scenarios to be considered for evaluation during the MIMO SI have been discussed in this contribution. In order to better focus the investigations we propose focusing on the most relevant case of macro node and low power RRHs. As in the CoMP SI it would be beneficial to agree first on the scenarios, considering also the valuable operator input. 
Distributed antennas are moving to a new operating mode where transmit point association is mostly done based on the UL measurements. While SFN transmission solve most of the problems related to multiple points transmission of broadcast data, legacy impact should be carefully considered.
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