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1. Introduction 
Downlink MU-MIMO is an important feature to improve the system performance and meet ITU target when system is highly loaded. In RAN1#59bis, some agreements concerning the dimensioning of MU-MIMO and issues were captured in the chairman’s notes. 

· 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 

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. 

The issue was further discussed in the RAN1#61 meeting which resulted in two way-forward proposals. 
In R1-103334

· Only one of the two DL DM RS signalling alternatives in chairman minutes is supported

· Only Alt2 is supported

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

· Only transparent MU-MIMO is supported
In R1-103406

· The MU-MIMO scheme with 4 orthogonal DMRS ports are defined

· The length of the orthogonal cover codes, i.e. 2 or 4, is FFS. 

In this paper we provide our views on MU dimensioning in Rel-10. 

2. Discussion
Two options are available regarding MU dimensioning

· Case 1: 4 orthogonal DM RS ports and 1 scrambling sequence, DMRS overhead 24RE/RB. 

· Case 2: 2 orthogonal DM RS ports and 2 scrambling sequences, similar to Rel-9, DMRS overhead 12RE/RB.

First of all, the use case and realistic gain of rank>=2 per UE is understood to be quite limited [2], which is justifiable because most MU gain is shown in highly correlated antenna setup where rank 1/2 per UE is the dominant scenario.  Hence, comparison should be focused on the control signalling simplicity and scheduling flexibility. This is discussed in this section assuming transparent MU-MIMO. 
As identified in [4], one issue with 4 DMRS ports is the ambiguity of DMRS pattern which differ under a total of 1/2-layers (12 RE/RB) and 3/4-layers (24 RE/RB). This consequently impacts the PDSCH mapping interpretation at the UE. In particular, problems arises that if a UE is scheduled on DMRS ports {2,3}, interpretations of RE mapping on ports {0,1} needs to be considered.

· Example 1: REs on DMRS ports {0,1} are reserved, which results in a downlink spectral efficiency degradation of 7% since 12 RE/RB are wasted. Clearly such throughput degradation should be avoided if possible.

· Example 2: Alternatively, PDSCH is mapped to REs excluding the DMRS ports of the target UE signalled in the PDCCH. For example, if a UE is scheduled on DMRS port {2,3}, PDSCH will be mapped REs on DMRS ports {0,1} even if they correspond to DMRS of a co-scheduled UE. As a consequence the collision of PDSCH and DMRS leads to reduced channel estimation accuracy and degraded MU throughput. 

An alternative solution is to explicitly signal the DMRS pattern (12 or 24 RE/RB) so that the UE understands the exact PDSCH mapping. However, this does not completely eliminate the resource waste issue unless the resource assignments of UEs are perfectly aligned, which enforces non-negligible scheduling restriction. 
Considering the criticalness of flexible user pairing, the importance of efficient spectrum initialization, and the DMRS overhead with 4 DMRS ports, we have a slight preference over Case 2 where 2 orthogonal DMRS ports and 2 scrambling sequence are used. This makes it possible to re-use transmission mode 8 in Rel-9 for MU in Rel-10. 

3. Conclusions
In this paper we discuss various issues concerning MU dimensioning. Our preference on MU in Rel-10 timeline is 2 DMRS ports with 2 scrambling sequences, similar to Rel-9.
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