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1. Introduction

Two categories of Coordinated multiple point transmission (CoMP) have been agreed in [1]: Joint Processing (JP) and Coordinated Scheduling/Beamforming (CS/CB). As one of the possible precoding types for joint transmission, various non-coherent transmission schemes have been discussed [2, 3, 4]: non-coherent transmission is suggested as the baseline assumption for single-layer JP in [2], and SFN codebook-based precoding with single-layer is proposed as a candidate due to its simplicity in FDD systems in [4]. 
TDD systems have special properties and thus may have different design from FDD systems. Non-coherent precoding is especially preferred in TDD systems, where each eNB involved in joint transmission can be aware of the channel of the CoMP UE for non-coherent local precoding by uplink sounding reference signal (S-RS) due to channel reciprocity so that there is no need to share channel state information (CSI) or PMI among the CoMP transmission eNBs. So non-coherent transmission has the advantage of low requirement on backhaul and absence of CSI delay problem. This contribution investigates and compares four non-coherent precoding schemes for CoMP in TDD systems:
· Scheme 1: Local precoding + RF combining
· Scheme 2: SFN precoding

· Scheme 3: Local precoding + SM
· Scheme 4: Local precoding + TD
Initial link-level and system-level results of the four schemes are provided.
2. Non-Coherent SU Joint Transmission Schemes
Take two eNBs’ joint transmission as an example, the MIMO channels including received power between the two CoMP eNBs to the CoMP UE are denoted as 
[image: image1.wmf]1

1

H

P

 and 
[image: image2.wmf]2

2

H

P

. Each eNB has 
[image: image3.wmf]t

N

 transmit antennas and UE has 
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 receive antennas. It is very easy to extend the following description to joint transmission by more than two eNBs. Refer to [6] for detailed RS design considerations and overhead analysis.
2.1. Scheme 1: Local precoding + RF combining
Every eNB computes precoding matrix for the CoMP UE based on local CSI of the CoMP UE. Received signal at the UE can be written as
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where 
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 with dimension 
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 are local precoding matrices at eNB1 and eNB2 respectively. 
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 is the rank for the UE. A possible precoding method is taking 
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 right singular vectors with respect to 
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 largest singular values of the channel matrix 
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 at corresponding eNBs. Transmit symbols at both eNBs are 
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 dimensional vector 
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. Vector 
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 represents interference from other cells plus noise. Hence, the equivalent channel seen by the CoMP UE in this scheme is 
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In TDD systems, the local CSI can be estimated by uplink S-RS. And all CoMP transmission eNBs can transmit demodulation reference signal (D-RS) on exactly the same resource element resulting in low overhead cost.
2.2. Scheme 2: SFN precoding

In this scheme, both CoMP transmission eNBs employ identical precoding matrix 
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 which is computed based on the SFN channel between the two eNBs and the CoMP UE: 
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. Also, UE has rank 
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. Similar to scheme 1, same symbol vectors are transmitted by the two eNBs. The received signal at the UE is given by
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Then, the equivalent channel estimated by the UE is 
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This scheme is naturally born for FDD instead of TDD systems since the CoMP transmission eNBs are difficult to acquire the SFN channel without feedback by UE in TDD systems.
2.3. Scheme 3: Local precoding + SM
Similar to scheme 1, each eNB in joint transmission employs independent precoding based on local CSI between the CoMP UE and the eNB itself. Data to the CoMP UE are separated into two parts which are transmitted by each of the eNB respectively. Thus, the transmission way seen by the UE is like spatial multiplexing (SM) on two virtual antennas.
So the precoding method is quite same as scheme 1. The difference, however, lies in the construction of equivalent channel: 
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. The received signal of this scheme is represented by
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Suppose rank-1 precoding at each eNB, then the rank of the CoMP UE is 2 with scalar transmit symbol 
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 from two eNBs.
The benefit of this scheme is that only half data for the UE needs to be shared with the joint transmission eNB, resulting in lower bandwidth requirement on backhaul.
2.4. Scheme 4: Local precoding + TD
This scheme has exactly the same precoding method and equivalent channel construction as scheme 3. For the aspect of data transmission, this scheme employs transmit diversity (STBC/SFBC) with each branch transmitted by the virtual antennas formed by each eNB. If rank-1 precoding is employed at each eNB, the peak data rate is half of scheme 3.
3. Simulation Results
3.1. Link-level simulation results

We employ capacity-based link-level simulations to compare these four schemes by practical receivers (MMSE or MRC), where two eNBs transmit to one UE by non-coherent CoMP. Single-carrier SCM channel is used and ideal channel estimation is assumed. Scheme 1 and scheme 2 apply rank-2 precoding and the other two schemes apply rank-1 precoding at each eNB. That is, the UE has rank 1 in scheme 4 while rank 2 in other schemes. We provided results when the UE SNR is between -4dB and 10dB since the CoMP UE always works in low SINR region. Here, SNR is defined as the total transmitted power 
[image: image27.wmf]1

P

 from the UE’s serving eNB to white Gaussian noise without considering transmitted power 
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 from the coordinated eNB. Capacity comparison results of equal received power from two eNBs and imbalanced received power (received power from the coordinating eNB is 5dB lower than that from the serving eNB, i.e., 
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dB) are shown in Figure 1 a) and b).
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a) Equal received power from two eNBs
b) Imbalanced received power from the two eNBs
Figure 1: Capacity-based link-level comparison of the four schemes

It shows that in SNR region between 0dB and 10dB, scheme 1 outperforms all other schemes under above simulation assumptions, scheme 1 and 2 are better than scheme 3 because orthogonality of the two layers is nearly guaranteed by precoding and there is almost no cross-talk between the two layers. However, at very low SNR where noise is the dominant factor to the performance, the merit of rank-1 precoding gain per eNB in scheme 3 and scheme 4 begin to emerge. Note that STBC transmission in scheme 4 only has half achievable capacity of other rank-2 schemes. The capacity gap between scheme 3 and scheme 1 is larger when power imbalance exists, which means scheme 3 is more sensitive to the power imbalance. But scheme 4 shows robustness to the power imbalance.
3.2. System-level simulation results
In this section, we perform system-level simulation for the evaluation of four non-coherent SU CoMP schemes.

Center direction point to the corner is used as antenna bore-sight orientation in our simulation. CoMP cooperative set, defined as set of points directly or indirectly participating in PDSCH transmission to UE [5], is comprised of three adjacent cells. Single-cell mode and 2-cell CoMP mode eNBs are dynamically selected within the CoMP cooperating set. Ideal inter-eNB synchronization and CSI at eNBs is assumed.
Only cell-edge users (CEU) can be configured to work under CoMP mode. CEUs are those UEs whose single-cell-mode SINR is lower than a certain threshold (2dB in our simulation). What’s more, a CEU becomes a candidate CoMP UE when its estimated CoMP capacity is 2 or 3 times larger than capacity of single-cell mode. This constraint assures that once a CoMP UE is selected, it must achieve at least as much capacity gain as number of radio resources it consumes. Joint scheduling within the CoMP cooperative set is applied. With all candidate CEUs, the scheduler of the CoMP cooperative set makes the decision of coordination mode by maximal sum proportional-fair weighted capacity criteria. Those eNBs not involved in CoMP transmission shall serve a single UE. Scheduling decision may consist:

· Coordination mode: single-cell mode, or 2-cell CoMP mode

· CoMP UE in CoMP mode

· CoMP transmission eNBs when 2-cell mode is selected

Other simulation parameters are listed in Table 1.

Table 1: Simulation parameters

	Parameter
	Assumption

	Cellular layout
	Hexagonal grid, 7 cell sites, 3 sectors per site

	Inter-site distance
	500m

	Channel model
	Spatial Channel Model (SCM)

	Users dropping
	10 users dropped uniformly per cell

	Minimum distance between UE and cell
	>= 35 meters

	Number of antennas (Tx, Rx)
	(4, 2)

	Antenna separation in wavelength (Tx, Rx)
	(4, 0.5)

	Transmit antenna pattern
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	Distance-dependent path loss
	37.6+15.352log(d)

	Shadowing standard deviation
	8dB

	Shadow correlation
	Inter site
	1

	
	Intra site
	0.5

	Penetration loss
	20dB

	Bandwidth
	10MHz

	Carrier frequency
	2GHz

	UE speed
	3km/h

	Subcarrier spacing
	15kHz

	Scheduler
	PF

	Control overhead 
	3 control symbols

	Receiver processing
	MMSE for SM, MRC for STBC

	eNB Tx power
	46dBm

	Service type
	Full buffer

	HARQ
	w/o HARQ

	Channel estimation error
	3dB

	DL:UL
	1:1

	CQI report
	Every 5ms, 2 RBs


The system-level simulation results of the average cell throughput and 5% user throughput are shown in Table 2. 
Table 2: Comparison of different schemes for DL non-coherent SU CoMP
	
	Average cell throughput (Mbps)
	5% user throughput (Mbps)

	SU CoMP, (1,2), Scheme 1
	7.4467 (0.0%)
	0.2358 (0.0%)

	SU CoMP, (1,2), Scheme 2
	7.2657 (-2.4%)
	0.2231 (-5.4%)

	SU CoMP, (1,2), Scheme 3
	7.1822 (-3.6%)
	0.2234 (-5.3%)

	SU CoMP, (1,2), Scheme 4
	7.0956 (-4.7%)
	0.2148 (-8.9%)


CDF of user throughput are depicted in Figure 2. Scheme 1 has the best performance both in sector average throughput and cell-edge.
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Figure 2: CDF of user throughput

4. Conclusions

Initial evaluations of the four non-coherent precoding schemes for SU CoMP in TDD systems are provided in this contribution. As a result, local precoding + RF combining scheme is recommended as one of the candidate non-coherent SU CoMP schemes. However, other schemes may have their favorite usage scenarios and need further efforts.
References
[1] 3GPP TR 36.814 V0.4.1 (2009-02), “Further advancements for E-UTRA physical layer aspects”.
[2] R1-090942, CATT, “Aspects of joint processing for downlink CoMP”.

[3] R1-090585, Texas Instruments, “Joint processing downlink CoMP precoding support”.

[4] R1-090696, Sharp, “Considerations on precoding scheme for DL joint processing CoMP”.

[5] R1-091656, Qualcomm Europe, “CoMP TP for TR”.

[6] R1-092158, Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, “Multi-cell cooperative RS in CoMP”.






















































































































































































































































































































2
3GPP TSG RAN WG1 #57
R1-092159
San Francisco, USA, May 4 - 8, 2009
Page 6 of 6

_1301675324.unknown

_1301896630.unknown

_1301896786.unknown

_1301896848.unknown

_1302331084.unknown

_1302334154.unknown

_1301896900.unknown

_1301896795.unknown

_1301896750.unknown

_1301896778.unknown

_1301896739.unknown

_1301896541.unknown

_1301896547.unknown

_1301896475.unknown

_1301896506.unknown

_1301657816.unknown

_1301658212.unknown

_1301664521.unknown

_1301664685.unknown

_1301664699.unknown

_1301659780.unknown

_1301657836.unknown

_1301657693.unknown

_1301657711.unknown

_1301655968.unknown

_1301655880.unknown

