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1. Introduction

Downlink MU-MIMO has been identified as an important feature to improve the system performance and meet ITU target. MU-MIMO refers to a system where the same frequency resource is occupied by more than one UE at the same time. As a result, an eNB may transmit to two or more users simultaneously and achieve higher multiplexing gain. In Rel-9, MU-MIMO is designed in a transparent fashion with up to 2-layers per UE. 
· “Transparent” here means that no downlink signalling is provided to indicate to a UE whether a downlink transmission to another UE is taking place in the same RB.
In RAN1#59bis, some agreements concerning the dimensioning of MU-MIMO and issues for further discussion are 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. 

In this paper we provide our views on the above issues. 

2. Transparent vs. Non-transparent
A comparison of transparent vs. non-transparent design is provided in the following.
· Advanced MIMO receiver for intra-cell interference mitigation 
· A non-transparent MU-MIMO has the possibility to apply advanced MIMO receiver (e.g. IRC) to mitigate/suppress intra-cell interference from a co-scheduled UE. This could be beneficial for high-end terminal with more advanced MIMO receiver. 

· A UE receives both inter-cell and intra-cell interference in MU-MIMO. To a certain extent, intra-cell interference can be pre-eliminated/mitigated at the eNB through MU beamforming (e.g. BD, ZF) by projecting the transmission of a user into the null space of another user’s effective channel. Hence, intra-user interference mitigation only applies to residual intra-cell interference (e.g. due to channel frequency-selectivity and/or CSI feedback). Secondly, inter-cell interference mitigation does not rely on the non-transparent property, thus the benefits of a non-transparent design in unclear in this aspect. It is our view that the realistic gain of intra-cell interference mitigation shall be carefully evaluated in a system-level simulation setup with consideration on both intra/inter-cell interferences. 

· Scheduler flexibility 
· In principle, resource assignments are not necessarily aligned for UEs multiplexed in MU transmission. A UE can be multiplexed with a different number of users in different RBs, and the DMRS ports of the co-scheduled UE can be different on different RBs. A per-RB signalling of co-scheduled information (total rank, DMRS port) is obviously too complicated. On the other hand, eNB may enforce the resource allocation of UEs to be more aligned, such that a single signalling of the total rank and DMRS port of co-scheduled UE is possible. However, this may result in serious scheduler restriction and a jeopardized MU performance. Given that flexible UE pairing is critical to ensure the performance and competiveness of MU-MIMO [8], scheduler restriction should be minimized if possible.
· PDCCH overhead 
· Non-transparent design incurs more control signalling overhead (total rank, DMRS ports of co-scheduled UE). Given the large number of users needed in MU pairing, the control channel capacity limitation should be evaluated.
In light of the scheduler restriction, control overhead increase and unclear gain of intra-cell interference mitigation, currently we have a slight preference toward transparent MU within Rel-10 timeline.
3. DMRS Ports in MU-MIMO
Two options are currently under discussion 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 over rank<=2 per UE is understood to be quite limited [4], which is justifiable because most MU gain is shown with highly correlated antenna [5-6] where rank 1/2 per UE is the dominant scenarios. Hence, comparison should be focused on the control signalling simplicity and scheduler flexibility. This is discussed in this section assuming transparent MU-MIMO.
As identified in [7], 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}, how should the REs on DMRS ports {0,1} be handled. 
· Example 1: REs on DMRS ports {0,1} are reserved which results in very wasteful resource usage. Since 12 RE/RB are wasted, an overhead of 12/(11x12)  = 9% is created. Such throughput degradation should clearly 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. Such collision of PDSCH and DMRS leads to degraded channel estimation accuracy and MU throughput. 
An alternative solution is to explicitly signal the DMRS pattern (12 or 24 RE/RB) [12] so that the UE understands the exact PDSCH mapping. However, this does not completely eliminate the resource waste issue in Example 1 if the resource assignments of UEs are not perfectly aligned (Figure 1). 
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Figure 1: Exemplary UE multiplexing with 4 orthogonal DMRS ports
Considering the criticalness of flexible user pairing [8], the importance of efficient spectrum utilization in LTE-Advanced, 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 for MU-MIMO. This makes it possible to re-use transmission mode 8 in Rel-9 for MU in Rel-10.
4. Conclusions
In this paper we discuss various issues concerning MU dimensioning. Our current preference on MU-MIMO, for Rel-10 timeline, is provided in the following:
· Transparent MU-MIMO
· 2 DMRS ports with 2 scrambling sequences, similar to Rel-9.
References
[1] TR 36.814 v.1.5.1, Further advancements for E-UTRA: Physical Layer Aspects.
[2] R1-100074, On transparency of MU-MIMO in LTE-A, CATT, RAN1#59bis, Valencia, January 2010.

[3] R1-100108, Transparency in DL control signalling for LTE-A MU-MIMO, Samsung, RAN1#59bis, Valencia, January 2010.

[4] R1-100327, On multi-layer multi-user transmission in LTE-A, Nokia, NSN, RAN1#59bis, Valencia, January 2010.

[5] R1-093870, Annex A4 Self-evaluation Results for TR 36.814, RAN1 #58bis, Miyazaki, Japan, October 2009, Rapporteur (NTT DoCoMo). 

[6] R1-094242, Investigation on enhanced MU-MIMO processing based on channel vector quantization for LTE-Advanced, NTT DoCoMo, RAN1# 58bis, Miyazaki, Japan, October 2009. 
[7] R1-100499, Views on transparent and non-transparent MU-MIMO in LTE-A, NTT DoCoMo, RAN1#59bis, Valencia, January 2010.

[8] R1-100250, MU-MIMO dimensioning, Huawei, RAN1#59bis, Valencia, January 2010.

[9] R1-100305, Views on MU-MIMO transparency, NEC, RAN1#59bis, Valencia, January 2010.

[10] R1-100306, Downlink control signalling for transparent MU-MIMO, NEC, RAN1#59bis, Valencia, January 2010.

[11] R1-100499, Views on Transparent or Non-transparent MU-MIMO in LTE-Advanced, NTT DoCoMo, RAN1#59bis, Valencia, January 2010.

[12] R1-100682, Transparent vs. non-transparent MU-MIMO operation, Qualcomm Inc.

_1327462453.vsd
UE A


UE B


UE C


DMRS ports 0-1


UE E


UE D


DMRS ports 2-3


DMRS ports


frequency


reserved REs



