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1 Introduction
In RAN1 #53bis meeting, it was agreed that subchapter “Coordinated multiple point transmission and reception” is added in the skeleton [1] for LTE-A. In [2], it is also described some considerations for LTE-A CoMP (Coordinated multiple points) transmission and reception. In this contribution, we further provide some considerations for CoMP transmission and reception in LTE-A. We will consider some issues under two major scenarios namely intra-cell and inter-cell and present some of our viewpoints. As [2] pointed out that uplink CoMP transmission and reception almost has little impact on current LTE specification, we only focus on the downlink CoMP transmission and reception in this contribution.

2 Intra cell CoMP transmission and reception
In current LTE specifications, we have already defined at most 4 antennas corresponding to 4 antenna ports (0-3). We can also use the UE-specific antenna port 5 (Antenna port 4 is used for MBSFN transmission). All these antenna ports can be used as CoMP transmission and reception. For example, we can map all the CoMP into the antenna port 5 so that we use antenna port 5 to implement CoMP transmission and reception in one cell. Of course, we can also mapping the CoMP into antenna port 0-3 so that we can use different multiple antenna transmission modes defined in LTE. 

However, it should keep in our mind that increment of the number of transmission point for intra cell CoMP transmission and reception may not only enhance the link performance, but potentially raise the interferences with other adjacent cells. One possible solution is that UE can “see” this CoMP and report the information to eNodeB. For example, UE can tell the eNodeB that some specific transmission points are located at the good or bad position for enhancing its link performance, thus eNodeB will choose to open or close these transmission points according to the feedback information. Figure 2.1 illustrates the main idea of the scheme. Under this scheme, eNodeB can choose the proper transmission points for each individual UE thus make full use of the power while mitigating interferences with other cells at the same time.
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Figure 2.1 Intra cell CoMP transmission and reception
One potential problem of the above scheme is the overhead. In order to let UE can “see” transmission points as many as possible, specific reference symbols (RSs) for each (or as many as possible) transmission points are needed to be defined. If this kind of RSs have the same density in time and frequency as antenna port 0-3 defined in LTE, the overhead is unacceptable. In fact, it is unnecessary to design “so many” RSs since what we want to get (such as which transmission points are the major helpers and which ones are the negligible helpers) is static or semi-static. Thus, this kind of RSs can appear only every one radio frame or even every more radio frames.

It is noted that those RSs are only used for UE to “see” to feedback some information to eNodeB. All selected transmission points are still mapped to the antenna port 0-3 (or 5) as RS for data demodulation.

3 Inter cell CoMP transmission and reception
Inter cell CoMP transmission and reception can not only mitigate the interference (Coordination and avoidance) but also can enhance the link performance by using more spatial resource (antennas) coming from different cells. 
Because different cells have cell-specific RS corresponding to antenna port 0-3 (frequency or code division, synchronization is assumed in time domain for CoMP), UE can identify all the antenna port 0-3 located in the CoMP cells. For example, if 2 cells are the members of CoMP, and each cell has 4 antenna ports (0-3), then UE can identify 8 antennas. Considering complication and necessity, we believe that it is no need to define so many antenna ports for CoMP transmission and reception. In fact we can reuse the current antenna port 5 or define a new CoMP-specific antenna port for CoMP transmission and reception.
According to the above analysis, there are two kinds of schemes that can be used for CoMP transmission and reception:
Scheme 1: Reuse the current antenna port 5 for CoMP transmission and reception
In this scheme, antenna port 5 defined in LTE in each CoMP cell is used as cell-specific antenna port 0-3 defined in LTE. It is feasible because UE can identify antenna port 5 of each CoMP cell since they are frequency and/or code division. Then, all the multiple antenna techniques defined in LTE can be reused for the CoMP transmission and reception. For example, if cell 0,1,2 and 3 are CoMP cells and cell 0 use antenna port 5 as antenna port 0 in CoMP; cell 1 use antenna port 5 as antenna port 1 in CoMP; cell 2 use antenna port 5 as antenna port 2 in CoMP and cell 3 use antenna port 5 as antenna port 3 in CoMP (see figure 3.1), thus, there are still 4 antenna ports for CoMP UE, and any multiple antennas techniques defined in LTE including SFBC+FSTD (for 4 CoMP cells) or SFBC (for 2 CoMP cells) and MIMO can be adopted.
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Figure 3.1 Inter cell CoMP transmission and reception – scheme 1

Some features of scheme 1 are described as following:
1. At most 4 CoMP cells since there are totally 4 antenna ports defined in LTE. Of course, if we defined more antenna ports in LTE-A, we can extend the number of CoMP cells;
2. Not only diversity (SFBC+FSTD for 4 CoMP cells; SFBC for 2 CoMP cells) but MIMO can be used for CoMP;
3. Complex baseband process since more than one channel estimations and some additional computation related to multiple antennas are needed.
Scheme 2: Define a new antenna port for CoMP transmission and reception
Although some CoMP transmission and reception can be carried out with scheme 1, there is still some shortcomings such as limitation of the number of CoMP cells and relative complex baseband process. Considering that transmission of the same content (CDD can also be introduced) for the target UE from different cell has good spatial diversity and all signals coming from different cells can be combined at the radio level and much simpler baseband process is needed than that of scheme 1, we provide the scheme 2 for CoMP transmission and reception, see figure 3.2. 
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Figure 3.2 Inter cell CoMP transmission and reception – scheme 2

One issue related to scheme 2 is the reference symbol for CoMP demodulation. Naturally, one new antenna port (named antenna port 6) is better to be introduced for CoMP transmission and reception. Antenna port 6 has the following features:
1. UE-specific;

2. All CoMP cells transmit the same RS (CDD can be introduced) in the same RE;

It is noted that although antenna port 4 has some similarity with port 6 defined here, port 4 can not replace port 4 because:
· Port 4 is used for all cells while port 6is only used by CoMP cells;

· Port 4 occupies the whole bandwidth while port 6 occupies only the assigned bandwidth;

· Port 4 exists only in the MBMS subframes while port 4 exists in the non-MBMS subframe.

Some features of scheme 2 are described as following:

1. All CoMP cells transmit the same content (CDD can be introduced) to the target UE;
2. Need to define a new antenna port (e.g. port 6) and all CoMP cell transmit the same RS series (CDD can be introduced) in the same RE;
3. Only diversity scheme can be used
4. Very simple baseband process since only one visual channel estimation is needed any no any additional process related to multiple antennas
5. No additional overhead since it is unnecessary to transmit antenna port 5 RS

It is noted that scheme 1 and scheme 2 is not competitive, they are used in different scenarios and can be both defined in LTE-A system.
.
----------------------------------------------Start Text Proposal-------------------------------------------------

As intra-cell CoMP transmission/reception, multiple transmission point specific RSs are to be introduced to help eNodeB determine which transmission point(s) should (or should not) take part in the CoMP transmission/reception;

As inter-cell CoMP transmission/reception, two schemes can be adopted:

· One is to reuse the antenna port 5 defined in LTE while it is need to identify at most 4 antenna port 5 RSs corresponding to CoMP cells. This scheme can use all multiple antenna techniques defined in LTE (diversity and MIMO) while it is complicated in baseband process for multiple channel estimations and additional baseband process related to multiple antenna;

· The other is to define a new CoMP specific antenna port (named antenna port 6) to obtain transmission diversity only and no any additional overhead is introduced because antenna port 5 is not used any more while its baseband process is very simple. 
These two schemes are not competitive but complementary in LTE-A systems to adapt to different scenarios.

----------------------------------------------End Text Proposal--------------------------------------------------
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