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1. Introduction

So far, some progress has been achieved for “enhanced DL transmission in LTE”on the DMRS overhead, the relationship of DMRS pattern between rank 1 and rank 2, rank adaptation and PMI as following:

· 12 RE DMRS overhead  for rank 1 and rank 2
· Same REs for DMRS for both rank 1 and rank 2

· Support fast/dynamic rank adaptation
· PMI feedback for FDD
Some remaining issues are still open, especially the enhancement for MU-MIMO in beamforming is not decided, and the deadline for this decision is postponed to RAN#45 meeting which should have been decided in RAN#44 meeting. The email discussion [1] have covered all possible schemes for MU-MIMO in beamforming, based on which, we present our views and observations on this important feature.

2. Gain originations of MU-MIMO in beamforming
 Initial discussion is mainly focusing on the impact of DMRS on MU-MIMO performance, and questions on “gain of the orthogonal DMRS based MU-MIMO over the non-orthogonal DMRS based MU-MIMO” are raised, following which, we give a brief analysis of what factors will contribute the gain in the wireless link of MU-MIMO in beamforming, which may include:

a) Algorithms in transmitter – scheduling/pairing algorithms and precoding/preprocessing algorithms

According to up to now discussion and the available contribution, regarding the algorithms in transmitter, only precoding/preprocessing algorithms are listed in the simulation assumption, e.g. SVD+ZF, BD, GOB, GOB+PMI, etc., while the scheduling/pairing algorithms are less mentioned due to their implementation attribute. Such attribute make the performance less guaranteed if all problems are left to the transmitter or network side – how much residual interference will be seen by the UE is not clear, which maybe a risk for the operator to deploy and plan the network.

b) DMRS allocation and Channel estimator in receiver

Different DMRS allocation schemes for the one-layer transmission UE in MU-MIMO may have different impact on the channel estimation of each UE, and may mean if the UE can get the channel information of the interferer or not. If the scheduling/pairing scheduling algorithm is less reliable, the channel estimation will worsen when DMRS ports can not be identified by each UE.
c) Detection algorithms in receiver

Detection algorithms in receiver may directly impact the performance under noise limited or interference limited scenario, e.g., MRC and IRC.  MRC is an appropriate multi-antenna combining strategy when receiver is mainly impaired by noise, may increase the post-combiner SNR in proportion to the number of receive antennas, while IRC can suppress or mitigated the interference by selecting antenna weights appropriately with e.g., ZF and MMSE algorithms, which requires the channel information of the interferer.

d) Link adaptation
Link adaptation mainly refers to UE CQI feedback. How the UE can make the network know the channel condition seen by itself or its capability, and then feedback a relatively appropriate CQI will directly influence the performance of link adaptation.
From above factors, we can see that we can not ignore any one factor nor rely only one certain factor in the system design, otherwise, the performance will be less guaranteed. So wee would like to raise another question that “how can we guarantee that we can get the gain?”,  if we just categorize an important feature completely as an implementation issues, i.e. completely left it to network implementation or left it different network vendors.
3. Possible schemes for MU-MIMO

In the discussion thread [1], all companies seem to agree that the terminology of transparent/implicit and non-transparent/explicit MU-MIMO should be differentiated from signaling point of view. Transparent/implicit MU-MIMO means that one UE can not identify if there are co-scheduled UE(s) with it in time/frequency resources by explicit signaling, correspondingly, non-transparent/explicit MU-MIMO means one UE can identify some other co-scheduled UE(s) are spatially multiplexing with it by explicit signaling. Combined with the DMRS port(s) in association with each UE, network side signaling available or not give a whole classification of transparent/implicit and non-transparent/explicit MU-MIMO schemes:
3.1 Transparent/implicit schemes
Scheme 1: Non-orthogonal DMRS across UE/DMRS ports in association with different UE overlap, no explicitly signaling configured for identifying MU-MIMO.

In this scheme, same DCI format/network side signaling,  and same UE feedback are adopted for SU-MIMO and MU-MIMO mode, and hence the UE will be unaware the some other UE(s) are spatially multiplexing with it, as well as the UE can not detect the channel information of the co-scheduled UE(s).
Pros – No standard effort
(a) No need for defining MU-MIMO mode

(b) Each UE can be up to 2 layers transmission in MU-MIMO –UE would assume that there are no co-scheduled UEs
Cons – Un-guaranteed performance
(a) Channel estimation degradation due to spatial interference on DMRS, rely too much on the transmitter or network implementation, residual interference is hard to be reduced by UE due to lack the channel information of the interferer.
(b) Possible link adaptation error - eNB may need to reduce per-UE transmission power, which UE doesn’t know while reporting CQI.
Scheme 2: Orthogonal DMRS across UE/DMRS ports in association with different UE not overlap, no explicitly signaling configured for identifying MU-MIMO

In this scheme, always rank 1 transmission should be assumed for each UE, in which same DCI format is adopted for SU-MIMO and MU-MIMO mode, UE identify MU-MIMO by blind detection of some DMRS REs.
Pros – No standard effort

(a) No need to define MU-MIMO mode

(b) Better channel/interference estimation

Cons – Un-guaranteed performance
(a) Each UE has only 1 layer in MU-MIMO
(b) Identification reliability maybe less guaranteed – UE should find other co-scheduled UE by blind detection with threshold-like mechanism

(c) Possible link adaptation error – the network can not see the gain of the UE interference rejection.
3.2 Non-transparent/explicit schemes
Scheme 3: Orthogonal DMRS across UE/DMRS ports in association with different UE not overlap, explicitly signaling configured for identifying MU-MIMO

   In this scheme, no distinct SU-MIMO or MU-MIMO “mode” is configured for the UE, then in MU-MIMO “mode”, the UE would be aware that transmission to other UEs might be present on either port, as well as be aware of more details of the co-scheduled UE by additional/special signaling, e.g., indication each UE of the presence of the other UE(s), etc. 

Pros: Guaranteed performance and flexibility
(a) Dynamic switch between SU-MIMO and MU-MIMO “mode”, offering UE the flexibility to adopting interference suppression and relatively correct link adaptation.

(b) Each UE can be up to 2 layers in MU-MIMO – UE would assume that there are no co-scheduled UEs.
Cons: Some standard effort
(a) Introducing some impact on signal design – DMRS port indication, CQI feedback…
Scheme 4: Orthogonal DMRS across UE/DMRS ports in association with different UE not overlap, explicitly signaling configured for identifying MU-MIMO

In this scheme, distinct transmission mode with different DCI format, similar as DCI format 2 and DCI format 1D in LTE Rel-8 is configured for UE, then in MU-MIMO mode, the UE would be aware that transmission to other UEs might be present on either port.
Pros: guaranteed performance and flexibility
(a) Better channel/interference estimation

(b) Simplicity – similar to Rel 8, most parts can simply use Rel 8 for reference
(c) Each UE can be up to 2 layers in MU-MIMO – UE would assume that it is under SU-MIMO mode and there are no co-scheduled UEs  
Cons: Some standard effort
(a) Introducing some impact on signal design – DMRS port indication, CQI feedback…
Based on above analysis and qualitative comparison, scheme 1 and scheme 2 is less guaranteed in performance, and the scheme 3 is less attractive than scheme 4 from standardization point of view, so we would like to propose focusing our effort scheme 4. 
4. Conclusion
To make the network deployment and planning more reliable and guaranteed, it is important and significant to put some effort to standardize an important and promising feature which is widely discussed also in LTE-A SI. We would like to propose:

1) Introducing distinct transmission mode for SU-MIMO and MU-MIMO in beamforming

2) Either DMRS ports are configured for the UE under MU-MIMO mode.
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