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1. Introduction

In RAN1 meetings so far, many contributions relevant to coordinated multipoint (CoMP) transmission/ reception were submitted. Some of the contributions provided simulation results with certain gain and indicated that CoMP would be a potential technical concept for the improvement of cell-edge throughput [1][2]. In the last meeting, it was agreed to include a section for CoMP transmission/reception into LTE-A Physical Layer Aspects Technical Report [3].

In this contribution, some issues related to DL CoMP transmission are classified, including intra-nodeB DL CoMP, inter nodeB DL CoMP, multi-user CoMP, and precoding for DL CoMP.
2. Discussion
With the similar concept, CoMP transmission/reception (hereinafter simply referred to as CoMP) can be named with different terminologies such as network MIMO, multi-cell MIMO and cooperative MIMO. The commonality regarding these DL transmissions is that data for a UE is simultaneously transmitted from geometrically separated multiple transmit antenna units with a macro distance. In this regard, it should be noted that the transmission from multiple several-wavelength-spaced antenna elements located in the same sector is excluded from CoMP concept.

In this contribution we classify CoMP into two groups: intra-NodeB CoMP and inter-NodeB CoMP. Each group is further separated into two scenarios: single-user CoMP and multiple-user CoMP. This results in four scenarios in total; they are

· Single-user, intra-NodeB CoMP

· Multiple-user, intra-NodeB CoMP

· Single-user, inter-NodeB CoMP

· Multiple-user, inter-NodeB CoMP.
An antenna unit (AU) composing a CoMP topology could be either sector antenna unit, or remote antenna unit, or relay-node antennas. The majority of CoMP topology can be two. One is composed of a combination of these antenna units, and the other is of single antenna unit with multiple antenna elements. 
2.1. Cell Definition in Intra-Node CoMP

In 3GPP standard systems such as UTRAN and E-UTRAN, a sector within a base-station is treated as a cell. We believe other types of antenna units (AU), such as relay nodes and remote antenna units, which may compose intra-NodeB CoMP topologies as well. These composed intra-NodeB CoMP should be also treated as a cell. From a L1 point of view, relay nodes (except for L1 repeater) and remote antenna units with their own physical cell ID (PCI) transmit PCI-linked reference signals as well as synchronisation signals, so that UE can do measurement per antenna unit basis.
Figure 1 exemplifies the cell topology with intra-NodeB CoMP serving UE1, and without intra-NodeB CoMP serving UE2.
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Figure 1 Cell topologies with and without intra-NodeB CoMP.
It should be noted that not all UEs in CoMP-supporting cells are served with CoMP-based data transmission. UE being close to an AU should be configured in non-CoMP operation mode. The configuration of CoMP/non-CoMP transmission is semi-statically done based mainly on measurement by UE and/or AUs (and their serving NodeB). A group of AUs to serve a CoMP-configured UE is defined as e.g. super cell, illustrated in Figure 2.
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Figure 2 Super cell concept for DL intra-NodeB CoMP
It is more easily implemented for a super cell to be composed of AUs only under the same eNodeB (Figure 2) than of AUs belonging to different eNodeBs (Figure 3). The exact mechanism of configuration and control of super cells is FFS, perhaps treated as an implementation issue. 
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Figure 3 Super cell concept for inter-NodeB CoMP
2.2. Single-User based Intra-nodeB DL CoMP

Several intra-NodeB CoMP topologies are shown in Table 1. An antenna unit (AU) composing a CoMP topology could be either sector antenna unit (SAU), or remote antenna unit (RAU), or relay-node antennas. The majority of CoMP topology can be two. One is composed of a combination of these antenna units, and the other is of single antenna unit with multiple antenna elements. The antenna units involved in simultaneous data transmission to a UE are all connected to the same eNodeB. The control of data transmission can be done within one eNodeB if distributed-scheduling relay is not included in CoMP topology.
Table 1 Intra-NodeB CoMP topologies

	Inter-sector CoMP
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	UE is served by two adjacent sectors belonging to the same NodeB.

This is most feasible scenario among all possible CoMP topologies. 



	CoMP using RAUs
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	RAUs are connected to a NodeB using optical (or metallic) cables.

This topology can be referred as distributed antenna system. From a standard point of view, this topology is easily implemented.

	CoMP using SAU and RAU
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	UE is served by a sector antenna unit (SAU) at the cell site and a remote antenna unit (RAU). SAU and RAU are connected to the same NodeB.

From a standard point of view, this topology is easily implemented if the transmission delay between NodeB and RAU is negligible in terms of the signal reception by UE.

	CoMP using SAU and relay
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	UE is served by a sector antenna (SAU) at the cell site and a relay node. SAU and relay are connected to the same NodeB.

Relay may be L1 relay (Amplify and Forward relay, Demodulate and Forward relay), L2 relay or L3 relay. In case of L2 (or L3) relay, in general, pre-transmission of data from eNodeB to relay is needed. In case of simple L1 relay, this topology is easily implemented if the transmission delay between NodeB and relay is negligible in terms of the signal reception by UE.

	CoMP using relays
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	UE is served by multiple relays connecting to the same NodeB.

Relay may be L1 relay (Amplify and Forward relay, Demodulate and Forward relay) , L2 relay or L3 relay. 

In case of L2 (or L3) relay, this topology needs most studies among all the CoMP topologies shown in this table. 


2.3. Single-User based Inter nodeB DL Comp

Inter-NodeB CoMP involves multiple NodeBs, performing simultaneous data transmission to UE. A simple scenario of DL inter-NodeB CoMP is DL macro diversity where the same data is transmitted from multiple NodeBs to UE.
In practice, inter-NodeB CoMP schemes may face some difficulties, including the data distribution to the eNodeBs from higher network nodes and the inter-NodeB coordination of HARQ and scheduling. To transmit data from multiple NodeBs for a UE, the data has to be distributed to the collaborative NodeBs from a higher network node. Data bi-casting may be a better way for the data distribution, although LTE inter NodeB handover is performed with data forwarding.

Figure 4 depicts the inter-NodeB CoMP including inter-NodeB diversity, inter-NodeB spatial multiplexing, and intra-NodeB spatial multiplexing plus inter-NodeB diversity.

[image: image9.wmf]eNode

B

eNode

B

UE

data 

1

data 

2

eNode

B

eNode

B

UE

data 

1

data 

2

data 

1

data 

2

eNode

B

eNode

B

UE

data 

1

data 

1

(

1

) 

inter

-

NodeB

diversity

(

2

) 

inter

-

NodeB

spatial multiplexing

(

3

) 

intra

-

NodeB spatial multiplexing

inter

-

NodeB diversity

coordinated

coordinated

coordinated


Figure 4 Inter-NodeB CoMP.

2.4. Multi-user CoMP

Similar to intra-sector MIMO, both intra NodeB CoMP and inter NodeB CoMP can have two modes: single user (SU) CoMP and multi user (MU) CoMP. For each mode, there are two options. The first option illustrated in Figure 5 (1) and Figure 6 (1) is that different data are transmitted from different antenna units or NodeBs paired to operate a CoMP transmission. The second option illustrated in Figure 5 (2) and Figure 6 (2) is that the same data is transmitted from the joined antenna units or eNodeBs. The former achieves multi-user capacity gain, while the latter provides transmit diversity gain. Due to asymmetric radio links often happening between UE and involved eNodeBs caused by UE-to-NodeB distance, instantaneous path loss and frequency selectivity, we believe that to ensure a reliable transmission, diversity transmission is preferred to inter-NodeB CoMP.
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Figure 5 Intra-NodeB Multi-user CoMP.
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Figure 6 Inter-NodeB Multi-user CoMP.
2.5. Precoding for DL CoMP

Precoding mechanism is capable of reducing the interference significantly. Without precoding in DL single-user CoMP, we presume that the gain may be almost same as what the ICIC does, even MMSE and SIC receivers are involved, if the total transmission power of involved NodeBs is the same for both the non-precoded CoMP and the ICIC. 

From this point of view, we think that both intra and inter NodeB CoMP should be inevitably used in conjunction with precoding. Roughly speaking, with precoding, the gain up to 3 dB may be expected in case of two antenna units (or eNodBs) involved in DL CoMP. For multi-user CoMP, the gain owning to procoding could be even higher.
2.6. Number of Layers

As we discussed so far, CoMP may be a potential solution to improve the cell coverage performance if UE is located near sector-border/cell-border where the UE often experiences a low SNR. In general, data transmission with larger number of layers requires higher receive SNR. This will impose that CoMP is better to operate with a small number of layers, e.g. 1.

3. Conclusions

In this contribution, we have discussed DL coordinated multipoint transmission (CoMP) system, by classifying four scenarios; single-user, intra-NodeB CoMP, multiple-user, intra-NodeB CoMP, single-user, inter-NodeB CoMP, and multiple-user, intra-NodeB CoMP. Some summarizations are made as follows:
· More discussion should be done for intra-NodeB CoMP and inter-NodeB CoMP, by compromising complexity and system performance gain.

· Each antenna unit should be treated as a cell.

· A group of Antenna Units to serve a CoMP-configured UE is difined as e.g. a super cell. The group can be within a eNodeB or across multiple neighboring eNodeBs.

· Precoding should be applied to CoMP transmission.
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