3GPP TSG RAN WG1 #44bis meeting
R1-061037
Athen, Greece, March 27th -31th, 2006

Agenda Item:
10.2.8 Uplink MIMO Evaluation
Source:

Siemens
Title:

Distributed Multi-User MIMO UL concept for LTE
Document for: 
for decision (Text Proposal)
1. Introduction
After discussion of the DL in the Denver meeting now focus lies on a suitable UL concept for MIMO LTE. It is quite well understood that the special conditions for cellular outdoor systems – like low SNIRs at cell edge and quite often LOS conditions with correlated radio channels – limits the achievable overall system performance gains for SDM and SDMA MIMO schemes. 
Co-operative transmission and detection schemes where several adjacent Node Bs process the data of different UEs together, which are essentially distributed multi user-MIMO (MU-MIMO) schemes, promise high performance gains, especially in interference limited urban scenarios. Due to co-operation, performance limiting inter cell interference is changed into useful signal energy due to diversity gains and rank enhancement for MIMO systems.    

Co-operation of Node Bs requires typically a central unit for joint processing as well as a central MAC and scheduling instance, leading to a hierarchical network topology which is actually not in the focus of LTE. This contribution overcomes this limitation by avoiding the need for a central unit in the backbone network. 
Here a co-operative MU-MIMO scheme for UL transmission with distributed processing of UEs at adjacent Node Bs is proposed which promise to achieve a significant part of the possible performance gains. The upper limit would be full co-operation between all Node Bs leading to a real frequency reuse 1 system. Compared to f-reuse 3 system gains of up to 300% and more seem to be possible. This high possible gain justifies investigating also more sophisticated UL schemes. 
2. Performance gains of co-operation
Figure 1 gives the max-min SINR for different MU-MIMO schemes in a 19 cell scenario - IF wrapped around – for increasing overall system power Ptot. These results are intended only as general motivation for the high potential of co-operative transmission/detection. As can be seen conventional MIMO schemes like matched filter, MMSE or ZF are limited due to interference starting from a certain quite low power level while for co-operative transmission the interference is turned into useful signal power. 
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Figure 1: achievable capacity for a cellular radio system dependent on the overall system power Ptot

From Figure 2 the additional effect of rank enhancement can be seen, where the interfering signals from MS1 (MS2) to the adjacent BS BS2 (BS1) can be used for transmission of additional data signals. As this effect results in a higher rank of the overall channel matrix it is called rank enhancement. 
In Figure 3 the result of rank enhancement can be seen for a 2x2 UL configuration based on measurement results in Germany Berlin at an RF-frequency of 5GHz in an urban micro cell scenario, but similar results can be expected for lower RF-frequencies like 2.6GHz. 

In case of fully isolated cells, the dotted blue and red lines depict the capacity of each cell. For conventional systems with f-reuse =2 the o.5 times of the mean capacity over both cells could be achieved while with co-operation about 3-times of the capacity of the conventional scheme can be achieved. 
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Figure 2: rank enhancement due to interference signals
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Figure 3: capacity/cell for conventional systems with freuse=2, for isolated cells and cooperative systems with rank enhancement

While Figure 1 uses full cooperation between all Node Bs in Figure 4 measurement results are analyzed with respect to the strongest and second strongest interferer. For this special micro cellular scenario the cancellation of only 2 interfering stations would already result in significant gains of about 10 dB. 
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Figure 4: CDFs after cancellation of 0, 1 or 2 interfering Node Bs
3. Distributed co-operative UL concept
While the motivation for co-operation is clear e.g. from the above described results following challenges have to be faced:
a) the co-operation would require a central processing unit where the signals of several Node Bs/UEs are combined

b) The connection between Node Bs and central unit should have a fixed delay

c) The central unit would lead additionally to a central RRM, MAC and scheduling unit, i.e. the Node Bs are degraded more or less to simple RF-heads which is in contrast to the intended flat network hierarchy. 
d) For the scheduler it has to be taken into account that resource blocks might be scheduled by Node Bs from TTI to TTI to different users, which makes prediction  of resource block allocation quite difficult. 

[image: image5]
Figure 5: Logical connection of Node Bs over the backbone network. Each NodeB can be exchange information with each other Node B
For the above described reasons here a decentralized co-operation is proposed. The underlying assumption is a synchronized network. 
Each UE is connected to only one Node B, i.e. the one with the highest received power. Each Node B schedules its connected UEs independently to the best suited resource block(s), based e.g. on CQI values or UL reference signals. As an f-reuse one system is assumed, several UEs might transmit at the same time on the same resource block resulting in according inter cell interference. 
For adjacent Node Bs orthogonal UL reference signals are assumed so that each Node B can put the receive power pi of each active UE i into a memory. From the pi powers the 1 or 2 UEs generating the highest interference and the associated Node Bs can be identified. 

In order to remove the interference, the serving Node B now involves the received signals from the so identified adjacent Node Bs and separates the desired terminal signal from the interference channels using the multi-stream separation capability of the local signal processing such that the strongest interferers are cancelled.
The basic principle is illustrated in Figure 5. The central Node B wishes to detect the signal S of the left terminal having the channel H11 which is being disturbed by another terminal with signal I being served by the Node B in the north direction. The received signal neglecting the noise is given as 

Y1 = H11*S+H12*I








(1)

Where H12 is the channel through which the interference I is received. The Node B now estimates in addition the interference channel H12 and receives the additional information that this terminal is assigned to the northern Node B. Consequently it requests the received signal 

Y2 = H21*S+H22*I








(2)

from the northern Node B in which pilots are embedded to estimate the channel coefficients H21 and H22. Equations (1) and (2) can be written conveniently in matrix form
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(3)

Now the Node B has all the information needed to cancel the inter-cell interference I from the two received signals. Equation (3) states a conventional MIMO problem which can be solved by a number of well known algorithms, among which the zero forcing using the pseudo-inverse of the matrix H denoted as H+
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(4)

is the least complex approach but has the worst performance as well. Better algorithms are ordered successive interference cancellation (V-BLAST), sphere decoding or maximum likelihood detection. The desired terminal signal S is picked out of the reconstructed signal vector (S I)T and detected, while the interference I is discarded.

The data exchange between the Node Bs might be organized as follows:

· As there might be a variable delay on the data link between different Node Bs attached to each data transfer an time slot identifier is send by the Node B
·  Attached to the data Y  the Node Bs send the most recent channel information for generating the channel matrix.

· Additionally a resource block ID and possibly the according MAC-ID should be attached to the data by each Node B, to assure that the right signals are processed. 
Beside the performance gain due to co-operation following specific advantages can be seen:

· Each Node B keeps its autonomy for scheduling of UEs

· The co-operation of Node Bs is UE-centric in the sense that Node Bs which are exposed to highest interference co-operate

· Due to SIC and geometrical low correlation of the radio channels a search for orthogonal users is not mandatory for scheduling 

· The required processing power is distributed over several Node Bs 
· As the data are available together with the reference signals at the time of UL transmission the algorithm works also for high time variance of the radio channel. Even relative high backbone network delays can be tolerated without decreasing the resulting performance. 
· A combination with semi static RRM, i.e. resource block wise power levels, is easily possible

4. Some first simulation results
Table 1 contains the main parameters for some first simulation results of the proposed co-operative transmission concept. Interference is wrapped around to simulate boundary effects. 
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Figure 6: cellular simulation scenario

	# of BS antennas per sector nT
	2

	# of UE antennas nR
	1

	# of sectors
	6

	# of UEs
	200

	Max UE power
	2 Watt

	Channel model
	HATA Urban

	radio channels
	basically uncorrelated

	Inter Cell distance
	1000m

	Minimum distance to Node B
	35m

	mobile speed
	low  (< 16kmh)

	MCS
	BPSK, QPSK, 16QAM, 64QAM

	RF frequency
	2 GHz

	bandwidth
	20 MHz

	resource allocation
	Localized

	Co-operation
	3 strongest Node Bs for each UE


Table 1:  Main simulation parameters
Compared are the results for an f-reuse 3 with an f-reuse 1 system where each sector of a Node B is assigned one UE and where the strongest interferers are taken into account for co-operation according to the above described scheme.  In Figure 7 three Node Bs co-operate. Due to inclusion of all 12 antenna elements of all 3 Node Bs the resulting performance gains are very significant. As there is a trade off between higher capacity due to f-reuse 1 and lower SINRs due to increased interference the 5% worst case users for cooperation are even worse than incase without co-operation. Here further optimizations can be expected by suitable combination with radio resource management algorithms.  
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Figure 7: CDF of achievable throughput for f-reuse 3 and f-reuse 1 in combination with co-operation  
2. Conclusion
A distributed co-operative UL-scheme without central processing unit has been proposed promising significant gains over other MU-MIMO schemes mainly due to a combination of diversity gain, inter cell interference cancellation and rank enhancement. 
As cooperation is locally limited to the involved Node Bs interference from UEs attached to other Node Bs cannot be cancelled effectively. Here the combination with semi-static radio resource management is expected to be promising, where the Tx-power for radio resource blocks in adjacent radio cells is pre-defined, thereby limiting the maximum interference. 

The overall effort for organizing this co-operation can be limited by concentrating on the most interfering UEs, e.g. at cell edge and/or on those UEs with high packet length. 

Additionally the additional backbone traffic might be reduced by applying this co-operation only in case of high cell load. 
4. Text proposal

Introduction

For cellular outdoor systems highest MU-MIMO gains are achievable if combined with inter cell interference mitigation over adjacent radio cells.  We therefore propose to add  in TR 25.814 a statement that explicitly mentions MU-MIMO schemes with co-operation over adjacent Node Bs.
Text proposal

7.1.1.4.2
High level principles of MIMO for unicast traffic

Spatial division multiplexing (SDM) of multiple modulation symbol streams to a single UE using the same time-frequency(-code) resource is supported. When a MIMO channel is solely assigned to a single UE, it is known as single user (SU)-MIMO. 

Other high level principles  are as the followings:

· Maximum antenna configuration for evaluation is 4x4.
· Multiple codewords (including single codeword as a special case) that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated. Possible values for the maximum number of codewords per resource block transmitted by the Node B are 1, 2, 3, or 4. Possible values for the maximum number of codewords that can be received by the UE are 1, 2, 3, or 4
· In addition to the SDM, the spatial division multiplexing of the modulation symbol streams for different UEs using the same time-frequency(-code) resource is supported for evaluation, which may be denoted as spatial division multiple access (SDMA) or multi-user (MU)-MIMO. Note that the SDM is a special case of the SDMA.
--- Begin Text Proposal ---

· MU-MIMO schemes incorporating some form of co-operation between adjacent Node Bs are supported for evaluation due to high possible performance gains compared to pure SDM(A).
--- End Text Proposal ---
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