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1 Introduction

In RAN1 #59b, the following conclusion regarding MU-MIMO dimensioning has been agreed:
For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 
In addition, the following two alternatives need to be studied:

Note: Two alternatives are to be studied:

· 4 orthogonal DM RS ports and 1 scrambling sequence are defined

· 2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one).

· Note that in any case TM8 will remain specified in Rel-10.

In this contribution, we make further analysis regarding the two alternatives. For convenience, in the following discussion, we refer the 4port/1sequence alternative as alt. 1, while the 2port/2sequence alternative as alt. 2. This is a resubmission document of R1-102874.
2 DMRS Density Signalling and Port/Sequence Design
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Figure 1 DMRS port illustration
Discussing the allocation of port and sequence in MU-MIMO inevitably relates to DMRS density, because DMRS density determines the maximum number of available DMRS port. A brief illustration of current DMRS design is shown in Fig.1. The concept of CDM group and definition of DMRS port 7/8/9/10/11/12/13/14 should be quite self-explanatory by that figure.
In Rel-10 there are two different DMRS densities: 12 RE/RB and 24 RE/RB. The knowledge and assumption regarding DMRS density at UE side have impact on how to allocate port and sequence for different UEs. The following two options of DMRS densities signalling may be considered:

Option 1, DMRS density is not signalled to the UE but UE understand DMRS density from the indicated rank in PDCCH. In other words, if the UE receives rank one or two DL signals, the DMRS density is 12 RE/RB. Otherwise (rank > 2), the DMRS density is understood as 24 RE/RB.
Option 2, DMRS density is explicitly signalled to the UE. In general we expect such signalling is semi-static. In this case, the DMRS density may not exactly follow the indicated rank in PDCCH. For example, even if rank = 2, the UE may receive an RRC signalling to indicate the DMRS density is 24.

The two options above may lead to different preference to the port/sequence discussion i.e. alt. 1 or alt. 2. Now we make analysis on each option and each alternative.

2.1 Analysis regarding option 1.

In this option, DMRS density is not signalled to the UE but estimate the DMRS density based on the indicated rank in PDCCH.
If DMRS density is 24, according to assumption of option 1 (UE receives rank > 2 when DMRS density = 24), then there are more than two layers per UE with orthogonal ports on this RB, MU-MIMO operation is not possible on this RB according to the agreement in the RAN1#59b meeting (no MU when rank >2).
If DMRS density is 12, MU-MIMO operation is possible because UE receives signal rank smaller than three.
With alt. 1(4port/1sequence), it is possible to allocate 4 ports to correspond to DMRS port 7/8/11/13 (as shown in Fig. 1). However, such DMRS port allocation between UEs would enforce the UEs in SU-MIMO mode also to do length four OCC despreading, which would cause some performance degradation in SU-MIMO operation (assuming UE does not know actual SU/MU transmission at eNB side). Such approach seems a bit deviated from current RAN1 approach, namely MU-MIMO operation preferably not degrade SU-MIMO performance.
With alt. 2 (2port/2sequence), the MU-MIMO operation is exactly the same as Rel-9 TM8.
Therefore, we propose following:

If DMRS density is not signalled to the UE but understand the DMRS density from the indicated rank in PDCCH, we prefer alt. 2 (2port/2sequence).
2.2 Analysis regarding option 2.

In this option, DMRS density is explicitly signalled to the UE.
If DMRS density is 12 and alt. 1 (4port/1sequence) is adopted, we see the same problem as option 1 on possible SU-MIMO performance degradation due to length four OCC despreading. If DMRS density is 12 and alt. 2 (2port/2sequence) is adopted, the operation is the same as Rel-9. Therefore, alt 2 is preferred option when DMRS density is 12.
If DMRS density is 24 and alt. 2 (2port/2sequence) is adopted (port 7/8 are used for MU-MIMO), then the 12 RE used for RS CDM group 2 needs to be vacated. Therefore some inefficient use of those REs may need to be considered. Some method may compensate the inefficient usage of the REs, such as allocating the corresponding power to other REs, and use the vacant REs to estimate, e.g., inter-cell-interference. However some degradation is still expected because vacant RE seems to be equivalent to an additional constraint on PDSCH structure. 
If DMRS density is 24, the eNB has two choices: assign rank >2 transmission to the associated UE, or assign two layers to two UEs. For the former choice, MU-MIMO operation is not needed according to the conclusion in section 1. For the latter choice, alt. 1 (4port/1sequence) is possible, namely the eNB is possible to allocate the four ports to be port 7/8/9/10, which could avoid length 4 OCC despreading. In this case, the MU-MIMO operation is quite similar to rank 4 SU-MIMO, where the difference is that the four ports are assigned to two different UEs. Therefore, we expect such MU-MIMO operation outperforms rank 4 SU-MIMO due to better spatial orthogonality between the four layers. However, it is not so clear if such MU-MIMO operation can well outperform the case that alt. 2 with DMRS density 12 due to more RS overhead.
Therefore, we propose following:
If DMRS density is explicitly signalled to the UE:

In case of DMRS density is 12, we prefer alt. 2 (2port/2sequence).
In case of DMRS density is 24, alt.1 (4port/1sequence) MU-MIMO operation might be adopted even though the exact performance gain may need further investigation.
3 Conclusions
In this contribution, we discuss the DMRS port/sequence indication with MU-MIMO considerations. We have the following proposal:
1. If DMRS density is not signalled to the UE but understand the DMRS density from the indicated rank in PDCCH, we prefer 2port/2sequence;
2. If DMRS density is explicitly signalled to the UE:
In case of DMRS density is 12, we prefer alt. 2 (2port/2sequence).
In case of DMRS density is 24, alt.1 (4port/1sequence) MU-MIMO operation might be adopted even though the exact performance gain may need further investigation.
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