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1. Introduction

The way forward on dual-layer beamforming [1] agreed during RAN1#58 meeting mandates the use of CDM multiplexing between UE-specific reference symbols associated to two different spatial layers, with localized time span of length-2 codes and a specific pattern for normal cyclic prefix length show in Figure 1 below. In this contribution we consider the extension of the latter DM-RS design to LTE-Advanced in order to support up to eight spatial layers.
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Figure 1: CDM UE-specific RS for normal CP operation, as agreed in [1].

2. UE-specific RS design for higher number of layers

With the adoption of the dual-layer pattern as shown in Figure 1, the evolution to four layers is envisioned to be achieved by adding a FDM component and keeping length-2 codes operating on two adjacent REs in the time direction, as depicted in Figure 2. This is further referred to as hybrid-CDM DM-RS multiplexing.
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Figure 2: Hybrid CDM UE-specific RS for normal CP operation and beyond two layers.

In the following we address several important points of the hybrid-CDM DM-RS operation. For clarity of the description, we split the discussion between use cases with up-to four and above four spatial layers.
2.1 Up-to four layer operation
Single-user MIMO

Ranks 1 & 2: use green REs only (2 codes of length two per pair of RS REs).
Ranks 3 & 4: use blue REs (2 codes of length two) in addition to green REs (2 codes of length two).

Multi-user MIMO
In our view, the main use case for MU-MIMO operation in LTE-Advanced is to have a maximum of up to two layers per UE and an overall maximum of four spatial layers & associated orthogonal DM-RS over the air.
Maximum 2 multiplexed UEs (rank-1 transmission each): 
· Use green positions only (2 codes of length two per pair of RS REs), allowing orthogonal UE-specific RS between layers.
Above 2 multiplexed UEs (rank-1 transmission each, or combination of rank-2 and rank-1 transmissions): 
· Orthogonal (four) UE-specific RS can be achieved by allowing operation on both green and blues positions with signalling indication of the co-scheduled UEs to properly puncture the REs occupied by DM-RS.
· Quasi-orthogonal UE-specific RS can be achieved by operating only on green positions, leading to the transparent operation of more than two UE-specific RS. This also allows minimizing the overall DM-RS overhead.
2.2 Above four layer operation

Single-user MIMO

Ranks 5 - 8: 
Use green and blue positions (as many codes as transmission rank; length four code is running in time on same subcarrier). Flexible power balancing is allowed when operating 5, 6, 7 and 8 layers as power per layer can be handled due to same FDM positions of the reserved resources. The use of code length four on either green or blue positions is applicable only in single-user, beyond four layer case.
Multi-user MIMO

Ranks 5 - 8: 
To date there is no evidence of practical uses cases requiring MU-MIMO operation over orthogonal DM-RS for 5 to 8 spatially multiplexed UEs. Hence this is not the priority and not our target for LTE-Advanced. This could also require very complicated downlink control signalling. We note that quasi-orthogonal DM-RS [6] allows such MU-MIMO with minimum standard/implementation related impact yet achieving attractive performance as shown in e.g. [7]. 
2.2. Alternative solutions for above four layers operation

2.2.1 CDM length 2 for above four layers
As an alternative to the 8 layer operation presented above and based on CDM length-4 pattern from Figure 2, one can consider CDM of length-2 as shown in Figure 3 where 4 x three instances of length-2 codes run over the PRB: one instance in a first pair of adjacent symbols and the two other instances located in another pair of adjacent symbols; adding the FDM dimension leads to a total of 4 x 2 codes which means a maximum achievable rank of eight.
Several drawbacks can be highlighted for the CDM length-2 in Figure 3. While code length-2 might seem to bring the benefit of supporting higher UE velocity, it suffers from inefficient power handling between the spatial layers due to asymmetric REs allocation between OFDM symbols for each pair/instance of the length-2 code. We note that length-4 codes running in squares would lead to similar kind of issue, i.e. inefficient use of total RS power. Having length-4 CDM in time direction does not suffer the same drawbacks: it reserves the same number of REs for 5, 6, 7 and 8 layers across the symbols, which hence allows power balancing between the layers in more efficient, flexible and transparent manner. 
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Figure 3: CDM length two for 8 layer operation.
2.2.2 PRB bundling

PRB bundling has been proposed in [2] as a way to ease UE-specific RS design when a very high number of layers are manipulated. We acknowledge the fact that increasing the space over which channel estimation is performed leads to better performance at least in some cases: there is a well-known trade-off between gains from increasing channel interpolation span in frequency vs. losses from increasing frequency selective precoding granularity. In this case, this translates into handling two, three or more PRBs in the channel estimation/precoding process, departing from the currently agreed baseline that channel estimation/precoding is performed per PRB. 

Several not so encouraging implications are:
· Scheduling constraints are brought to the system
· SU-/MU-MIMO resource allocation/granularity has to be a multiple of the one used for precoding, which can become more difficult to handle.
· More UE-specific RS designs/patterns, and perhaps even more challenging if different patterns would exist for different number of layers. This leads to increased complexity of UE channel estimator as different filters would have to be computed per transmission rank.

5. Conclusions

Design considerations presented in this contribution indicate a preference towards hybrid CDM UE-specific RS for beyond dual-layer operation. Code length of four is considered as a solution for beyond four layer transmission. Regarding the extended CP solution for LTE-Advanced, the latter should stem from the conclusions on the same topic currently being discussed for LTE Release 9 dual-layer beamforming and is addressed in more details in [5].
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