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1
Introduction

Release 8 supports pairing of two UEs in TX mode 5 and transparent grouping of an unlimited number of UEs in TX mode 7 using quasi-orthogonal dedicated reference signals (DRS). Based on agreements made in RAN1#58bis, Release 9 extends this to up to four layer transparent MU-MIMO operation using a combination of orthogonal and quasi-orthogonal DRS. Since LTE-Advanced will support up to eight layers in SU-MIMO mode, the natural question to ask is how MU-MIMO will be dimensioned in terms of number of layers per UE and in terms of total number of layers used in MU mode. This issue mainly concerns orthogonal DRS in MU-MIMO operation, since quasi-orthogonal DRS poses no limitations on the number of layers as MU-MIMO may be even completely transparent. Hence, we note that there is always the option of adding the possibility of utilizing quasi-orthogonal DRS and completely transparent MU-MIMO on top of orthogonal DRS utilization.
In this contribution we state our views on the aforementioned MU-MIMO dimensioning issues.
2
Discussion
As mentioned already by several companies [1]

 REF _Ref244481526 \r \h 
 \* MERGEFORMAT [2], dynamic switching (i.e., without RRC reconfiguration) between SU-MIMO and MU-MIMO is a prerequisite for introducing enhanced MU-MIMO to facilitate flexible adaptation of user pairing, traffic load and channel conditions. This is already possible in LTE Rel-9 and will be supported as well in LTE-Advanced (agreement from RAN1#59). The same LTE Rel-8 PMI/CQI/RI–type of feedback can support both SU-MIMO and MU-MIMO [3]

 REF _Ref244481810 \r \h 
 \* MERGEFORMAT [4], hence from feedback point of view there does not seem to be any fundamental restriction on the number of layers per UE in MU-MIMO case. However, there are control signalling implications that seem to be much more restrictive: in case of using orthogonal DRS, the UE needs to be informed about the allocated DRS ports and potentially also allocated DRS ports for co-scheduled UEs, this signalling may become quite complex if too many different combinations are allowed.
For the DRS port indication, a bitmap of assigned DRS ports would provide the most flexible solution. However, supporting up to eight layers would require eight bits, which implies a prohibitively high overhead considering that SU-MIMO would in principle require only a rank indicator of up to three bits provided that DRS ports are fixed in that case. Furthermore, in MU-MIMO case such full flexibility does not seem to be needed as will be further discussed below. We note that the number of actual antenna ports used for transmission (and hence also maximum number of layers) may not be signaled to the UE; thus one should in fact then always have the eight bits included in the DCI for DRS port indication. Also, clearly one should aim at a unified way of signalling, independent of the maximum number of layers, to avoid increasing PDCCH blind detection attempts or involving higher layer reconfiguration that implies delay and inefficiency. Based on above considerations, a non-bitmap solution to the DRS port signalling should be adopted in all scenarios.

Considering the assumption of having a non-bitmap signalling solution to DRS port indication, in the following we discuss further the use cases and standard implications of allowing a high number of layers per UE in MU-MIMO, as well as allowing a very high total number of layers in MU-MIMO. 
Number of layers per UE in MU-MIMO
The number of layers per UE in MU-MIMO mode essentially translates to the envisioned scenarios for multi-user operation. A high number of layers per UE in MU-MIMO calls for high SINR and hence very good spatial separation between the layers to avoid excessive MU interference. With short-term feedback -based MU-MIMO, even though from feedback perspective allowing also rank >1 per UE seems possible as mentioned, such operation would make rank and link adaptation difficult since it is difficult to predict MU-MIMO rank and CQI accurately at UE side. Hence, it is unlikely that in such scenario allowing more than one layer per UE is very useful. Furthermore, when total transmit power is constant, sharing power between more users would imply lower SINR per user.
A different perspective is obtained from the scenario of 8 Tx cross-polarized half-lambda-spaced antennas setup, where very good spatial separation between UEs may be achieved via beamforming and two layers per UE seems feasible. In fact, the case of two layers per UE and two users in MU-MIMO is already supported in Release 9 with quasi-orthogonal DRS between UEs, hence it seems possible to evolve this mode in LTE-Advanced. As will be discussed later in the contribution, in LTE-Advanced one could possibly allow orthogonal DRS among rank>1 UEs in MU-MIMO as long as the total number of layers does not exceed four. This type of operation also seems feasible from PDCCH signalling point of view.
We do not see any use case for a larger number of layers per UE, especially considering that the rank for a typical UE is anyway limited by the number of RX antennas and by typical eNB antenna configuration e.g. 8 Tx cross-polarized antenna. Moreover, a scenario providing good spatial separation between UEs and rich scattering environments enabling high-order spatial multiplexing per UE are somehow contradictory, the extra dimension brought by cross-polarized antennas is perhaps the most and only realistic way to bring a common denominator to the two scenarios. But we note that specification-wise one may still consider supporting more than two layers per UE in MU-MIMO using quasi-orthogonal DRS between UEs, i.e. in completely UE-transparent manner, if eNB sees it feasible and beneficial.
Proposal 1: DL MU-MIMO in LTE Rel-10 supports a maximum of two layers per UE with orthogonal DRS.

Total number of layers in MU-MIMO
LTE releases build a legacy of multi-user usage with respect to the number of allowed transparent/non-transparent users in MU mode. Release 8 supports up to two layers in MU-MIMO operating on common RS while (quasi-orthogonal) DRS can be transparently handled to pair two or more users. Release 9 supports up to two layers with orthogonal DRS and can accomodate up to four layers using a combination of orthogonal and quasi-orthogonal DRS. Now the question arises whether to extend the number orthogonal DRS ports from two to four for DL MU-MIMO in LTE Release 10. The latter requires careful consideration in view on the increased DRS overhead and UE complexity and thus requires further studies on use cases and as well as a performance analysis. Supporting beyond four layers in MU-MIMO would require very high SINR and extremely high level of spatial separation that seems unrealistic even with the aforementioned large antenna arrays or JP-CoMP. Furthermore, grouping of more than four UEs can be expected to be very difficult in practice and actually only possible in extremely high load situations (i.e. very large multi-user diversity). On the other hand, supporting up to a maximum of two or four layers with orthogonal DRS would have only limited signaling implications. 
Let us envision the following scenario: As previously mentioned 8 Tx cross-polarized antennas seem feasible in practical deployments. The cross-polarization is one way of enabling an additional degree of freedom in an environment where good spatial separation could be achieved. Up to two or four orthogonal DRS in total could be handled in order to separate the streams of same UEs at least, while remaining orthogonal ports (if any) can be used to provide orthogonality between UEs with lower spatial separation. Quasi-orthogonal DRS can be used to support higher order MU-MIMO, if deemed useful, by extending mechanisms in LTE Rel-9. With this example we want to highlight that there are ways to provide a high-order MU-MIMO solution with efficient signaling.
Proposal 2: Assess the number of orthogonal DRS ports (2 vs. 4) for DL MU-MIMO operation in LTE Rel-10.
3
Simulations

In this section, link-level simulations have been conducted to verify the discussion made in previous section, simulation assumptions are summarized in Table 1, and a set of simulation results are presented in Figures 1-4. The simulation setup is simplified in order to show the performance limits of pairing 2-8 users with quantized channel information. Simulations are performed in flat Rayleigh fading channel with relatively high transmit antenna correlation, which is well known to favour multi-user MIMO transmission. Two antenna configurations are assumed: 8x2 and 8x4. The number of users in the network varies from 2 to 30 UEs and iterative pairing is performed such that the next user is selected based on the maximum sum rate. From the simulation results, it is observed that system performance achieves its best when the total number of paired users is four. Further increasing the MU order will result in a drop in performance due to multiuser interference and zero-forcing (ZF) precoding normalization loss.
Table 1 Simulation assumptions

	Parameter description
	Value / Comment

	Transmission bandwidth, carrier freq.
	10 MHz, 2 GHz

	Channel model, spatial correlation
	Flat Rayleigh fading, Tx correlation (ULA): 0.9

	Antenna configuration
	8x2, 8x4

	Overheads
	N_PDCCH=3 OFDM symbols

N_PDSCH=11 OFDM symbols

N_CRS=2 ports

N_DM_RS=12 (24) RE for rank 1-2 (>2)

	Pairing
	Iterative pairing based on max sum rate

	Detector
	MMSE receiver

	Number of allocated PRBs
	1 PRB

	Transmit precoding
	Zero-forcing

	Transmit precoding granularity
	1 PRB

	CSI
	PMI, 8 Tx constant modulus IID codebook with 64 codewords per transmission rank

	CQI and Link adaptation
	Ideal post-beamforming CQI with 4 bit quantization. 

	MCS classes
	16 classes with spectral efficiency from 0.1523 to 5.5547 bits/s/Hz


Note: the SNR on the horizontal-axis is defined as total transmission power divided by total noise
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Figure 1 Spectral efficientcy vs. SNR; 8x2 antenna configuration; 20 UEs per cell
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Figure 2 Spectral efficientcy vs. multi-user diversity at 15 dB SNR; 8x2 antenna configuration
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Figure 3 Spectral efficientcy vs. SNR; 8x4 antenna configuration; 20 UEs per cell
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Figure 4 Spectral efficientcy vs. multi-user diversity at 15 dB SNR; 8x4 antenna configuration


4
Conclusions

In this contribution we have discussed the dimensioning of MU-MIMO in LTE-Advanced. Based on above arguments, our proposals are:
Proposal 1: DL MU-MIMO in LTE Rel-10 supports a maximum of two layers per UE with orthogonal DRS.
Proposal 2: Assess the number of orthogonal DRS ports (2 vs. 4) for DL MU-MIMO operation in LTE Rel-10.
Extensions to the above proposals with quasi-orthogonal DRS can be further considered. The above proposals imply that PDCCH signaling in LTE Rel-10 needs to support the following:
· Dynamic orthogonal DRS port indication for 2 (4, FFS) ports
· Quasi-orthogonal DRS support (i.e. scrambling ID) with 1 bit (>1, FFS)
It is foreseen that such signaling can be supported with tolerable overhead.
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