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1. Introduction

One of the fundamental technologies introduced together with the first LTE release is the MIMO operation including transmit diversity, spatial multiplexing, precoding and beamforming. A release 9 work item [1] for extending Release 8 single-user single-layer beamforming to single-user dual-layer transmission was approved during the recent RAN Plenary meeting. Meanwhile, there is also discussion of the feasibility of extending the work item scope to cover dual-layer multi-user beamforming in standards within Release 9 time frame. In order to progress this work item, i.e. to focus on what has been agreed in the WI scope, or to decide whether or not include additions into the WI scope ASAP so that everyone can really focus on WI itself, we try to go through different aspects potentially related to multi-user beamforming support, including potential work areas, challenge and potential gain. Finally, we provide some system evaluation to show the achievable multi-user performance with existing technical features.
2. Discussion
Since the start of new work item [1] presented in RAN plenary, companies have been discussing the feasibility to introduce standards specified MU-MIMO beamforming into Release 9 under the newly approved work item. We hereby try to go through a few aspects where careful considerations are required when it comes to multi-user beamforming design. Meanwhile, multi-user beamforming based on both Cell-specific RS (CRS) and User-specific RS (DRS) have been intensively discussed under LTE-Advanced study item in RAN1 since 2008 and expected to reach certain milestone (i.e. TR) by end of 2009.
Multi user interference suppression and/or cancellation in the UE [6]
UE might have the possibility of additional multi-user interference cancellation/suppression, if the control signaling is designed to support such operation. Here, by multi-user interference cancellation we mean receiver algorithms that actually decode also the interfering stream and cancel it. By multi-user interference suppression we mean methods such as MMSE that only utilize the knowledge of the equivalent channel of the paired UE.
When it comes to interference cancellation, we consider that this would require the full knowledge of the interfering link e.g. MCS and resource allocation which is typically not same as the desired link if one does not want to limit the scheduler flexibility to avoid loss of FDPS gain. Given that the interfering UE may vary from PRB to PRB, for example a large bit map indicating interfering UE(s) might be required unless one strictly limits the scheduler to always/only pair users with exactly same resource allocation independent from their individual traffic load, QoS, SINR etc., and the latter is largely recognized as one major drawback of performance limitation from Release 8 type of CRS-based MU-MIMO. With these unrealistic requirements, we believe any kind of UE interference cancellation is an unrealistic system design feature..

UE interference suppression, on the other hand, is potentially more relevant as it does not require MCS information of the interfering link. However it may still need a per-PRB interferer indicator (binary ON/OFF for dual-layer) to perform linear MMSE receiver only for the PRB where interferer is present. On the other hand, the gain (and potentially even loss) from this interference suppression, as compared to MRC receiver, depends also on the level of multi-user interference which is fully decided at eNB side with or without instantaneous feedback from UE: Even eNB can hardly predict the accurate multi-user interference at next transmission instance to inform UE the apply proper receiver processing. One example here is that if two users are well spatially separated at one transmission instance e.g. with near-perfect channel knowledge and zero-forcing precoding, each UE has to measure a very weak interference channel at very low SINR hence leading to very high measurement error. Therefore the linear MMSE receiver could perhaps even bring a negative performance gain in this case.
Hence, it seems that the additional standardization burden related to enabling multi-user interference cancellation/suppression signaling support is not justified in the tight timeframe of Release 9.
Orthogonal DRS design

With the introduction of orthogonal DRS it becomes possible for the UE to do some sort of interference suppression in principle, as discussed above, based on estimating the effective channel of interfering UE(s) scheduled on the orthogonal DRS port(s). The detailed discussion on orthogonal DRS patterns for Release 9 dual-layer beamforming can be found in [2]. It is noted that the conventional SDMA (e.g. DoA based long-term) multi-user beamforming can work with both non-orthogonal and orthogonal DRS without requiring new standardization support, and most of potential benefits provided by orthogonal DRS are applicable also for SDMA beamforming.
Control signaling

When orthogonal reference signals are used for dual-layer beamforming, regardless of single or multi-user operation, UE needs to know which of the DRS ports should use for demodulation. This DRS port(s) indication is part of control signaling discussion, more details can be found in our contribution [3] where a few options are presented and analyzed. In [3] it is concluded that it is sufficient to associate the single-layer transmission with a pre-defined DRS port or higher layer configured DRS port. When it comes to interaction between single-user and multi-user beamforming, we find in [3] that CDM type of DRS multiplexing can allow flexible, yet transparent power sharing between two layers each for one user or both for one user, hence no signaling is required for neither single nor multi user cases. With these observation, we note that there is not much difference from control signaling aspects for Release 9 dual-layer beamforming, unless one wants to explicitly indicate the existence of paired user to explicitly require UE to perform interference suppression, which have been discussed above with some challenges in a practical system. In addition, we also note that with CDM-ed dual-layer DRS and pre-defined (or higher-layer configured DRS) port indication provide sufficient flexibility for Release 9 dual-layer beamforming and also allows flexible pairing of Release 9 and 10 UEs into same PRB(s) with orthogonal DRS ports if more flexible DRS port indication schemes would be considered at a later for Release 10.
Feedback signaling

Depeding on the type of precoding scheme applied at eNB for MU-MIMO operation, one needs substantially more channel state information than it is possible to get considering release 8 style feedback (see [4] and [5]). How and what to feed back depends on many aspects and this is clearly a topic which needs thorough discussion as the trade off between DL performance and UL control signaling load is a particular difficult one with many different proposals and opinions. As the feedback scheme sets fundamental limits to what type of precoding is possible (at least for FDD) this is an important building block for the final MU-MIMO solution where we have no clear conclusion yet and more discussion is needed.
Performance 
As already mentioned, current Release 8 already supports MU-MIMO via simple spatial multiplexing of the dedicated reference signals, and strictly speaking this scheme is not dependent on releases. It is natural to require that new standard specific design for MU-MIMO transmission should have improved performance over what could be achieved already, at least for a number of relevant deployment scenarios. 
3. Multi User Beamforming System Performance
Dual layer beamforming targets single user throughput increase. When it comes to cell capacity our studies show that multi user beamforming will have some additional benefits especially in cases with relatively low radio channel azimuth spread where it is possible to achieve both high beamforming gain and low MU interference at the same time.

Multi user beamforming is already supported in LTE Rel-8 as two or more UEs in transmission mode 7 can be scheduled to the same PRB. In case grid of beam (GoB) type of beamforming is applied, there will be good attenuation between different users allocated to different beams, so the performance of DRS based channel estimation at the UE is not impacted much. The dominant interference source for most of the users will still be inter-cell interference. It is also noted that with orthogonal DRS to be defined in Release 9, DRS between paired users when used together with SDMA beamforming can be further separated if not done well enough by beam separation.
To make a rough estimate of the capacity gain that can be achieved already now by using SDMA multi-user beamforming, we have simulated a GoB type of setup where 4 cross polarised antennas are used to create 4 orthogonal beams in each polarization covering one sector (see Figure 1 REF _Ref225224547 \h 
, beams in different polarizations are steered to the same directions and overlapping beams are paired creating a 2x2 MIMO channel with the UE). Release 8 DRS pattern (non-orthogonal DRS) was assumed here and we expect slightly better results could be obtained if orthogonal DRS would be used. MIMO precoding is applied between overlapping beams in different polarisation directions, in order to enable either one or two stream transmission. 

Users are dropped in the simulation area with uniform probability distribution. The number of users per sector is constrained to be 10 users so if a user is dropped and selects a sector with already 10 users then the user will be redropped. With this methodology there will be a varying number of users per beam, in case no users are active in a beam the PDSCH resources on this beam remains idle. 

Simulation results are given in Table 1 REF _Ref225230954 \h 
. From these results we can see that with currently existing technical features MU beamforming can provide important gains. These gains should be used as baseline for evaluating other MU techniques requiring the standards efforts. Note also that due to the high multi user order:

· UE SINR is relatively low so there are only few UEs using rank 2 transmission. This means that the shown MU gains do not depend much on the support of dual layer transmission. Similar to other schemes increasing the frequency reuse, low SINR is over compensated by the increase in UE bandwidth.

· Interference is stabilized and flashlight effect is reduced so CQI has higher correlation with the actual channel quality.

· Channel aware scheduling gain is reduced due the low number of users per beam; in case more users are simulated the performance will improve.
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Figure 1 Beam patterns for 3 sector site where 4 antennas in each sector are used to create 4 orthogonal beams.

	
	Mean cell spectral efficiency [bps/Hz/cell]
	Cell edge spectral efficiency [bps/Hz/cell]

	2x2, dual stream closed loop MIMO with rank adaptation (Release 8)
	1.52 (0%) 
	0.57 (0%)

	8x2, Grid of Beams + dual layer transmission (Release 9)
	3.2 (112%)
	0.82 (58%)


Table 1 Cell spectral efficiency for non-MIMO release 8 system and gains for Rel-8 MU beamforming.

4. Conclusions

In this contribution we have considered different aspects related to multi-user beamforming as well as some system evaluation to show the notable multi-user performance gain with currently existing technical features.
The potential improvements from introducing standard specified MU-MIMO beamforming scheme based on orthogonal DRS was also discussed and we conclude that due to the high number of complex issues to be solved before we can decide on a proper future proof design we should exclude further MU-MIMO discussions from release 9. Proper merit assessment of each MU improvement should be investigated in release 10, to avoid rushing into decisions without proper/sufficient evaluation.

Instead we propose to concentrate RAN WG1 efforts on designing a robust and high performance single-user dual layer beamforming scheme which is important to extract the full performance potential of LTE DL beamforming with cross polarised antenna.
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Appendix - System simulation assumptions

	Parameter
	Assumption 

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Distance-dependent path loss
	L=128.1 + 37.6log10(.R), R in kilometers

	Lognormal Shadowing
	Log Normal

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50 m

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss  
	20dB

	Antenna pattern [4] (horizontal)
(For 3-sector cell sites with fixed antenna patterns)
	θ3dB= 70 degrees,  Am = 20 dB 

	Carrier Frequency / Bandwidth
	2.0 GHz

	Channel model
	Typical Urban (TU)

	UE speeds of interest
	3km/h

	Total BS TX power (Ptotal)
	46dBm - 10MHz carrier

	Minimum distance between UE and cell
	>= 35 meters [7]

	PS Algorithm
	Proportional fair

	rank adaptation
	Dynamic

	Control channel
	3 OS (including some common reference signals)

	Reference signal configuration
	CRS: Port 0 and 1 enabled

DRS: 12 RE per PRB for single layer beamforming, 6+6 RE for dual layer.

	UE Channel estimation 
	Ideal

	CQI reporting
	Ideal

	Sounding configuration
	Wideband sounding, 5 ms period, antenna switching on
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Figure 2 Illustration of the UE specific beams used for modelling beamforming with λ/2 spaced arrays. The input antenna patterns are as defined by 3GPP. Beams are generated assuming 5 degree radio channel azimuth spread.
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[image: image4.png]Beams with 4 antenna ULA, 5 degree AS

10

150

100

50

50

00

150



