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1 Introduction
In 3GPP RAN #65 meeting, study item on EBF and Full Dimension MIMO (FD-MIMO) was agreed for Release 13. According to the SID [1], one of the key objectives of the study item (SI) is to identify/evaluate potential enhancements required for realizing multi-user spatial multiplexing (i.e. MU-MIMO). One of the key discussion points related to MU-MIMO is the specification support for DMRS that allows high order MU-MIMO transmission. This contribution presents Samsung’s views on DMRS enhancement for FD-MIMO.
2 DMRS enhancement
Full Dimension MIMO is characterized by 2-dimensional antenna arrays and larger number of TXRU’s. Dedicated TXRU’s feeding different antennas in the 2-dimensional antenna array allow the transmitted signal to be steered not only in the horizontal direction as in conventional multi-antenna systems but simultaneously in both the horizontal and the vertical directions. Such capability allows more flexibility in shaping beam directions from an eNB to a UE. Combining this flexibility with larger number of TXRU’s, an eNB would be able to direct its signals to a specific 2-dimensional location within a cell resulting in more energy being received at the UE side. Furthermore, when used for simultaneous transmissions to multiple UEs, the 2-dimesional antenna array and the larger number of TXRU’s can be utilized to separate the signals for different UEs. In other words, signal separation for multi-user spatial multiplexing becomes more feasible. This allows more co-scheduled UEs compared to what we have in conventional LTE systems.
In order to fully utilize the benefits of FD-MIMO, it is important that simultaneous transmission to multiple UEs using spatial separation is efficiently supported. The current LTE specification has some specification support to realize multi-user spatial multiplexing. Notably, the DMRS designed in Rel-9 allows the eNB to simultaneously multiplex up to 4 UEs in the spatial domain and the transmission mode designed in Rel-10 allows dynamic switching between SU and MU transmissions. While such specification support exists, it is limited in the sense that it was designed for 1-dimensional antenna array with only up to 8 TXRU’s and is optimized not for multi-user spatial multiplexing but for single user spatial multiplexing.
As mentioned above, multi-user spatial multiplexing is an important requirement of FD-MIMO’s performance enhancement. In order to achieve this, channel estimation performance on DMRS should be sufficiently guaranteed. The current specification provides 2 orthogonal DMRS ports and 2 scrambling sequences for MU-MIMO support. As a result, for multi-user transmissions whose composite rank is above 2, it is not possible to maintain orthogonality between DMRS ports assigned for different UEs. One might argue that since FD-MIMO systems have larger number of TXRU’s compared to legacy LTE/LTE-A systems, better signal separation would be possible and further enhancement on DMRS is not necessary. However, given the fact that DMRS channel estimation performance is the bottleneck for downlink receiver performance, this aspect should be investigated in the course of this SI.
Note that DMRS enhancements for multi-user spatial multiplexing have been discussed in the past LTE/LTE-A releases. Specifically, the following two approaches depicted in Figure 1 have been proposed.
· Alternative 1: 4 orthogonal DMRS ports with 24 REs and OCC length=2
· Alternative 2: 4 orthogonal DMRS ports with 12 REs and OCC length=4
For alternative 1, 24 REs are used for DMRS in order to support up to 4 orthogonal ports. As shown in Figure 1(a), ports 7 and 8 are mapped to the blue REs with OCC=2 and ports 9 and 10 are mapped into the red REs with OCC=2. In terms of resources, alternative 1 utilizes 24 REs regardless the number of co-scheduled UEs. Such an approach may not be efficient in terms of resource utilization but will incur less overhead on DCI. A modified version of alternative 1 would be to allow dynamic switching between 12 REs and 24 REs depending on the sum rank of multi-user spatial multiplexing.
On the other hand, for alternative 2, 12 REs are used for DMRS in order to support up to 4 orthogonal ports. As shown in Figure 1(b), ports 7, 8, 11, and 13 are mapped to the blue REs with OCC=4. In terms of resources, alternative 2 utilizes 12 REs. Compared to alternative 1, alternative 2 is more efficient in terms of resource utilization but requires 3dB less transmission power to work with. Also, alternative 2 might be more susceptible to high Doppler scenarios due to the utilization of OCC length=4 instead of OCC length=2. Note that this might not be an issue if such UEs are configured with a transmission scheme that does not utilize DMRS and is more suitable for high Doppler (e.g. transmit diversity).
Both alternatives 1 and 2 provide DMRS orthogonality for multi-user spatial multiplexing of up to 4 UEs. Note that such alternatives have not been introduced in the current LTE specification due to the fact that with the existing antenna configurations, it is highly unlikely to schedule multi-user spatial multiplexing for more than 2 UEs. But this is not applicable for FD-MIMO which has more TXRU’s to work with.
	

(a) Alternative 1
	

(b) Alternative 2


Figure 1. Supporting 4 orthogonal DMRS ports for multi-user spatial multiplexing.
Both alternatives 1 and 2 can be considered as natural extensions of the existing DMRS structure. It is also possible to consider some new DMRS designs which allow enhanced channel estimation performance. Depending on how the DMRS structure is designed, other areas such as control signalling might need to be modified accordingly. For example, new control information may need to be introduced for dynamic DMRS port indication and DMRS-to-PDSCH power offsets may need to be specified depending on how the DMRS REs are utilized.
Larger number of TXRUs combined with adequate DMRS enhancement could enhance performance of FD-MIMO well beyond what is possible in conventional LTE systems. In order to do so, it is important to study the performance of FD-MIMO as a function of the number of TXRUs and different parameters of the enhanced DMRS design (including factors such as number of orthogonal DMRS/CSI-RS ports, overhead, and channel estimation accuracy). The design examples that are provided in Figure 1 were proposed for Rel-10 where the number of TXRUs (or CSI-RS ports) was limited to 8. Given the fact that FD-MIMO can support up to 64 TXRUs, we need to study benefits of supporting more than 4-layer MU-MIMO. 
Proposal: Study DMRS enhancement for high order multi-user spatial multiplexing: 
· Maximum number of layers for MU-MIMO (i.e., MU-MIMO dimensioning)
· Maximum number of orthogonal DMRS ports for MU-MIMO 
· Possibly new design of DMRS patterns and control signalling



3 Conclusions
This contribution has proposed the following:
Proposal: Study DMRS enhancement for high order multi-user spatial multiplexing: 
· Maximum number of layers for MU-MIMO (i.e., MU-MIMO dimensioning)
· Maximum number of orthogonal DMRS ports for MU-MIMO
· Possibly new design of DMRS patterns and control signalling
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