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1. Introduction

Targeting further enhancements for downlink single cell operations in Rel-11, a study item for DL MIMO was agreed in RAN #51 plenary. As listed in [1], the scopes of the SI are:
· With first priority:

· Evaluate issues from real-life network deployments of MIMO. 
·  Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.

· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

· Evaluate enhancements for downlink control signalling:
· to support MU-MIMO;
· based on UE-specific reference signals.
· With second priority:
· Evaluate open-loop MIMO, including open loop MU-MIMO operation
· Within the constraint of not introducing new antenna ports, evaluate possible enhancements for demodulation RS for MIMO, including considering improved orthogonality for MU-MIMO and possibilities for DMRS overhead reduction.

In this contribution we focus on control signalling for MU-MIMO operation, and present our views on enhancements for downlink control signalling in Rel-11.
2. Motivations of control signalling enhancements for MU-MIMO
2.1. Improved orthogonality for MU-MIMO
As an important enhancement approach for LTE system, MU-MIMO has attracted significant attention and has been discussed intensively throughout the contributions. Single cell MU-MIMO would be beneficial for the scenarios with high load, if only rank1 transmission is supported for each of the co-scheduled UEs. However, as up to 8 ports are supported in LTE-A, the overall system performance would still benefit from the increased number of enabled layers per scheduled UE, especially in the cases when the number of active UEs with high geometries is relatively small [2]. In order to support more UEs or higher-order MU-MIMO, two UE-specific reference signal scrambling sequence initialization IDs are introduced for each cell in TM8 and TM9. Depending on the assignment of DMRS port and SCID, up to four rank 1 UEs or two rank 2 UEs can be co-scheduled in MU-MIMO transmission. With up to 2 rank-1 UEs being assigned to use the same SCID, the DMRS channel estimation performance can be guaranteed by the orthogonality between port 7 and 8. In the case with more than 2 MU-MIMO layers, the mechanism with quasi-orthogonal DMRS ports based on different SCIDs is utilized. Being aware of the allocation of its own DMRS port and DMRS scrambling initialization ID, the desired layer(s) can be detected regardless the existence of co-scheduled UE. 

Considering the DMRS orthogonality between co-scheduled UEs and its impacts on channel estimation, MU-MIMO transmission scheme based on up to 4 orthogonal DMRS ports is proposed in [3,4]. In order to support up to 4 DMRS ports in MU-MIMO, the indication for assignment of DMRS port 7~10 is needed in newly introduced DCI format.
2.2. Improved performance based on advanced receiver

Based on TM8 and TM9, without the knowledge of co-scheduled UE, advanced inter-UE interference cancellation can’t be exploited in MU-MIMO transmission. Therefore, some contributions [5,6] proposed to provide additional information in DCI to enhance the capability of inter-UE interference cancellation at UE side. Such complementary information may include the number of total layers, port/SCID and/or even the resource allocation and MCS of co-scheduled UEs.  
3. Discussion
3.1. Application scenarios for MU-MIMO

With MU-MIMO, several UEs can be scheduled on the same sets of resource. Therefore the system benefits from multi-user diversity and/or spatial multiplexing gain. As has been discussed in many contributions, it’s suitable to multiplex multiple UEs over the correlated channel dimensions in MU-MIMO transmission. The remaining uncorrelated channel dimensions, if any, may be utilized through allocating multiple layers to each UE. The scenario with very high geometry, cross-polarized eNB antenna array and light system load might be the only motivation of introducing multiple layer transmission per UE in MU-MIMO operation. MU-MIMO transmission with single layer per UE, on the other hand, would be beneficial for the deployment with high system load and also high geometry. 

MU-MIMO shows attractive gain in spectrum efficiency for up to four layer DL transmission [7]. However, the higher order MU-MIMO favorable scenarios might exist rarely in practical deployments. Actually the higher order MU-MIMO with maximum DL rank of 4 is already supported by LTE Rel-9/10. The only benefit of achieving the same functionality based on four orthogonal DMRS ports might come from the possible enhancement in DMRS channel estimation. Actually the interference level among co-scheduled UEs relies on the channel condition and scheduling algorithm. Usually only the UEs with high geometries and negligible coupling can be co-scheduled in MU-MIMO transmission. In the other word, the spatial isolation characters and selected scheduling metric are definitive for the performance of MU-MIMO. Therefore, in most cases the influences of overlapped non-orthogonal DMRS ports on the performance of channel estimation and also demodulation are acceptable. That’s why a DMRS scrambling ID is introduced on top of a pair of orthogonal DMRS ports in LTE Rel-9.

Observation:
· Higher order MU-MIMO favorable scenarios might exist rarely in practical deployments
· MU-MIMO with maximum DL rank of 4 is already supported in TM8 and TM9
3.2. Impacts of enhanced control signalling on system
As Up to 4 DMRS ports have to be used to improve the orthogonality of MU-MIMO, two alternatives are considered in [4]:
· Alt 1: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 24 DMRS REs, OCC length=2
· Alt 2: 4 orthogonal DM RS ports and 1 scrambling sequence are defined, 12 DMRS REs, OCC length=4
The gain with improved DMRS channel estimation may easily be counteracted by the increased overhead of DMRS in Alt1. The overhead can be reduced by using the DMRS pattern with OCC=4 in Alt2. However the negative impact of elongated OCC on channel estimation is in conflict with the initial intention of introducing more than 2 DMRS ports in MU-MIMO. 
Offering complementary information of co-scheduled UE might be favorable for implementing advanced receiver at UE side, whereas this may force the scheduler to align the resources for all the co-scheduled UEs. Considering the dynamic nature of practical traffic and channel state, such requirement greatly constrains the flexibility in scheduling and hence degrades the system performance. On the other hand, in the case when not all the resources are aligned, it’s questionable about how to inform the overall DMRS port allocations/patterns and MCS of co-scheduled UE for each RBG through the already congested PDCCH. As mentioned in section 3.1, the interference level between co-scheduled UE mainly depends on scheduling and precoding. Furthermore, only the UEs with high spatial isolation are suitable for co-scheduling. In such case the gain of advanced receiver based on channel estimation of co-scheduled UE’s DMRS ports needs to be evaluated. 
Observation:

· The impacts of enhanced control signalling on complexity, overhead and flexibility need to be considered carefully
· Enhancements for control signalling should be justified by clear benefits
4. Conclusions
The limited performance gain that might be provided by MU-MIMO operation with 4 orthogonal DMRS ports and rarely existing higher order MU-MIMO favorable deployment scenarios cannot justify the necessity of introducing further degree of freedom in MU-MIMO dimensioning. The enhancements based on complementary information of co-scheduled UE may have impacts on control signalling complexity, overhead and also the scheduling flexibility. However, the gains under practical scenarios are still unclear. 
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