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1. Introduction

In uplink coordinated multi-point transmission (COMP) joint processing (JP), one has to cope with multi-path propagation and different timing delays to different cells of a COMP coordination set. Inter-symbol interference has to be avoided. 

If the difference of these timing offsets exceeds the cyclic prefix, the joint processing of the uplink signals of different COMP reception points in one single receiver is not possible anymore in a straightforward way.
Several contributions have given proposals to solve this issue by e.g. using extended CP or introducing a new timing advance (TA) adjustment scheme [1].[2 ]

In this contribution we propose an alternative compared to the extended cyclic prefix (throughput reduction of about 20.7 %) or timing advance (TA) adjustment signalling.
2. Discussion

The timing advance aligns the timing of each UE to its serving cell. A timing offset estimation within the layer1 processing of the serving cell is used for that. This timing offset estimation is as well used in non-serving cells of the CoMP coordination set in order to detect the correct timing of subframes and OFDM symbols per UE in the non-serving cell. 

This individual timing is now taken into account when in CoMP serving cell and non-serving cell reception signals shall be exploited for increasing the receive signal quality after combining and suppressing unwanted interference.

When multiple UEs shall be detected on the same multiple access (time/frequency/) resource over several cells by MIMO receiver strategies / multi-user detection, the problem occurs that the timing between cells is completely different. 

The situation of uplink reception scenario is depicted in Fig. 1 below 
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Figure 1: Scenario for UL Coordinated multi-point reception and Joint processing with channel notation

2.1. Impact of multi-cell timing on signals

Each UE is transmitting time-aligned in its serving cell but the interference signal which arrives at a neighbor cell is not received aligned (but maybe delayed) as shown in Figure 2
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Figure 2: Received time signals and FFT-windows at two base stations BSA and BSB
Now the estimated timing offset is taken into account in the receiver processing. For the sake of simplicity let us assume that base station and UE are equipped with one antenna each – the solution can be easily generalized to a larger number of antennas. Looking at  REF _Ref233042805 \h 
 \* MERGEFORMAT  we have to calculate the influence in FFT window1 from the sent our signal 
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. So the signal received from UE2 depicted in the upper part of Figure 2 is analyzed. The time shift is described by 
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 the received signal is described by 
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 where 
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 is the UE transmit signal including cyclic prefix. In FFT-window2 the result from FFT would be 
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Now going to FFT-Window1 and ignoring the effect of discontinuities, prevalently the window function 
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 has to be obeyed. Because of the time windowing by 
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shown in orange, in the frequency domain we have a convolution with a window function
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Then the result from that in FFT-Window1 is
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So for subcarrier frequency 
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 i.e. the value 
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 are relevant (cross talk). So the decoupling assuming that one subcarrier frequency can be detected with a linear equation system in that subcarrier frequency 
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 only, is in principle no longer valid. Further, additionally comes the influence from the previous OFDM symbol, that is from 
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. Again we have here a coupling in time-direction between the symbols. 

We here want to model this time wise and frequency wise influence as noise which assumes that the delay is not exceeding the CP too much. Then we have for the resulting coefficients in FFT-Window1
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2.2. Impact on joint reception receive weigths
With this approximation an uplink COMP JP system can be viewed as a composite MIMO system. Each OFDM subcarrier has an associated COMP MIMO channel matrix H, having the dimension “number_of_rx_antennas” x “number_of_tx_antennas”
For a certain subcarrier k, the derivations above now lead to a modified channel matrix:
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The proposed solution is thus to take into account the difference in the timing between cells and to calculate the corresponding phase shift and window function coefficient per UE per subcarrier. This phase shift and window function value is then multiplied (per subcarrier) into the MIMO channel matrix of the composite COMP MIMO channel. This allows to use one single receive combining set of antenna weights for all antennas of the whole COMP cluster.

This means to take into account the different additional (uncontrolled) propagation delays to non-serving cells for UE1 and UE2, which can be calculated to a phase shift (for each subcarrier) and window function amplitude, leading to the modified channel matrix 
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A receiver which processes UE1 and UE2 jointly can e.g. be a linear MMSE receiver which calculates its weight matrix G as a function of the channel matrix H:


[image: image27.wmf]÷

÷

ø

ö

ç

ç

è

æ

=

÷

÷

ø

ö

ç

ç

è

æ

=

T

T

B

A

B

A

g

g

g

g

2

1

2

2

1

1

g

g

G


The first row vector in G is the complex antenna weight set used to decode UE1, the second row is for UE2.

With the matrix above, an approximate MMSE can be carried out if inter-symbol interference (ISI) and inter-carrier interference (ICI) is treated as noise. With the updated channel matrix the receive weights are processed according to:
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As this solution compensates the propagation delay differences of COMP cells, the type of cyclic prefix can be used, that is appropriate for the multi-path propagation conditions, disregarding the timing offset to the non-serving COMP points. Hence there is no need to increase the overhead due to the application of COMP reception.

It is assumed that the delay difference between UEs is not so large so that the effect from the windowing does not lead to severe cross talk as depends on the cell size under consideration. (This can e.g. be influenced by selecting the proper set of UEs for joint reception.)
3. Proposal

In order to do COMP uplink joint processing mode with different timing delays on the received signals from one UE time offset compensation is done at each eNB receiver in general to compensate the fine time offset at the serving eNB and large time offset at the non-serving eNB in CoMP.  No additional technology on the air interface  or long CP should be done to compensate for the excessive delay. 
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