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1. Introduction
    According to TR36.814[1], CoMP technologies are roughly categorized into two groups, which are Coordinated scheduling/beamforming and Joint transmission/processing. In this document, we discussed on the Joint transmission/processing approach.
　Joint CoMP technologies such as Network MIMO were provided by several companies [2-7]. We consider that appropriate antenna allocation for each UE is necessary to achieve effective network MIMO in aspect of system throughput. Furthermore, the necessity increases when positions of cell antennas are separated by employing RRUs. 
   In this document, we discussed about antenna allocation scheme for joint transmission/processing approach such as network MIMO.
2. Antenna allocation issue
　In this section, antenna allocation issue will be clarified. If one UE can utilize all antennas of several cells, there is no problem about antenna allocation. However, allocation of cell antennas to UE more than the number of UE antennas seems inefficient in aspect of system throughput. The reason is that though excessive antenna allocation brings SNR improvement, UE throughput increases not in linear scale but in log scale. Therefore, allocation of cell antennas same as or less than the number of UE antennas is preferable to acquire system gain by user multiplexing. If UE has antennas less than the number of cell antennas, allocating cell antennas to multiple users as shown in Cell #1 of Figure 1 seems preferable.
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Figure 1. Network MIMO with multi user access.
    Antennas of small propagation loss (including long term loss such as shadowing, penetration loss, etc.) between cell antenna and UE antenna are appropriate for each UE. When assuming that all conditions except for the loss depending on the distance are same among all cell antennas, antennas of short distance between cell antenna and UE antenna are appropriate for each UE as shown in Figure 2.
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Figure 2. Network MIMO with multi user access in the system of distributed RRUs.
   Figure 2 shows the case of distributed RRUs deployment. The connection between base band unit (BBU) and remote radio unit (RRU) can be realized by optical fibers or radio link. In the case of radio link connection, RRU is corresponding to the relay node. In this scenario, achievement of peak data rate is difficult because of separated position of RRU. However, improvement of the worst data rate is expected because the upper bound distance between cell antenna and UE antenna can be reduced. Furthermore, allocating all RRUs of Cell #1 to either of UEs is inefficient in this scenario because there are Cell#1 RRUs which are farther away from UE than a part of other cells' RRUs. Thus, antenna (or RRU) allocation for UE becomes more important. 
   We will summarize the issues discussed above. There are two issues on antenna allocation for achieving higher system performance.
· Allocating cell antennas same as or less than the number of UE antennas for each UE
· Allocating antennas of small propagation loss between cell antenna and UE antenna for each UE
   To resolve issues described above, we should consider about the scheme of appropriate antenna allocation to UEs among multiple cells.
3. Antenna allocation scheme among multiple cells
   Figure 3 shows the ideal model for DL CoMP transmission including antenna allocation. In each BBU, transport block is separated to codewords, and each codeword is encoded and modulated independently. After that, modulated symbol sequences are rearranged by the layer mapping function. The output sequences of the layer mapping are precoded by the virtual precoder equivalent to Rel-8 precoder (or enhanced 8x8 precoder for LTE-A). The outputs are defined as virtual antenna port. To transmit data from appropriate antennas to each UE, antenna mapping function from virtual antenna port to real antenna port shall be added. The outputs of this function are defined as real antenna port. This antenna mapping function is the important point of antenna allocation among multiple cells.
   To achieve this antenna mapping successfully, it is necessary for UE to select PMI and PAI (preferred antenna indices), and feed back them to (super) eNB. An example of PMI and PAI feedback is shown in Table 1. Now we assume that user #0 signal is generated by BBU #0 and user #1 signal by BBU #1. The antenna port mapping function works as shown in Figure 4. 
   UE needs to estimate channel responses matrix while assuming combination of N transmission antennas, and UE also needs to estimate CQI with precoding matrix multiplied to the estimated channel matrix from right side. UE decides preferred combination of transmission antennas and PMI by CQI comparison while changing combination of N transmission antennas and precoding matrix.
   The case of Table 1 is the convenient case because of non PAI collision among users. Actually, PAIs of several users will collide. Thus, we consider that (super) eNB needs to allocate real antenna port(s) to each UE, and broadcast antenna assignment information (AAI) of several UEs. 
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Figure 3. The ideal model for DL CoMP transmission including antenna allocation
Table 1. An example of PMI and PAI feedbacks
	Feedback

From
	PMI
	PAI

(including Cell IDs and real antenna ports)

	User #0
	1
	Cell#0, 

antenna port 0
	Cell#0, 

antenna port 2
	Cell#1, 

antenna port 0
	Cell#1, 

antenna port 2

	User #1
	4
	Cell#0, 

antenna port 1
	Cell#0, 

antenna port 3
	Cell#1, 

antenna port 1
	Cell#1, 

antenna port 3
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Figure 4. An example of work of antenna port mapping function based on Table 1.
   Figure 3 and Figure 4 show just ideal model not realistic model because the antenna port mapping function lies among several BBUs. We consider that though the ideal model can be realized in gathered BBUs system proposed by several companies [8-9], the model can not be realized in the conventional system. This time the conventional system means that BBUs are positioned at separated cell sites. Therefore, functions corresponding to the antenna port mapping function shall be set prior to it. The concrete example is described as follows.
   Figure 5 shows an example of signal processing based on Figure 4 from layer mapping to antenna port mapping. Antenna port mapping can be shown as a permutation matrix. In this case, antenna port mapping function among BBUs is necessary. To make it unnecessary for the conventional system, precoding matrix and output vector of layer mapping should be permuted as shown in Figure 6. In Figure 6, the permutation matrix of antenna port mapping becomes unit matrix. Therefore, the antenna port mapping function can be removed because virtual antenna port becomes equivalent to real antenna port. As a result, each BBU's precoder output can be transmitted from each cell site independently. To achieve this, it is necessary to permute "precoding vectors" and "layer mapping output" among several BBUs. For example, it can be considered that super eNB inputs precoding vectors and permutation algorithm of layer mapping to each BBU.
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Figure 5. An example of signal processing based on Table 1 from layer mapping to antenna mapping.
[image: image6.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

)

1

(

4

)

0

(

4

)

1

(

3

)

0

(

3

)

1

(

2

)

0

(

2

)

1

(

1

)

0

(

1

)

1

(

44

)

1

(

43

)

1

(

42

)

1

(

41

)

0

(

44

)

0

(

43

)

0

(

42

)

0

(

41

)

1

(

34

)

1

(

33

)

1

(

32

)

1

(

31

)

0

(

24

)

0

(

23

)

0

(

22

)

0

(

21

)

1

(

24

)

1

(

23

)

1

(

22

)

1

(

21

)

0

(

34

)

0

(

33

)

0

(

32

)

0

(

31

)

1

(

14

)

1

(

13

)

1

(

12

)

1

(

11

)

0

(

14

)

0

(

13

)

0

(

12

)

0

(

11

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

1

l

l

l

l

l

l

l

l

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

p

Virtual 

Precoder

of BBU #0

Virtual 

Precoder

of BBU #1

Output vector of

Layer Mapping

of BBU #1

Output vector of

Layer Mapping

of BBU #0

Antenna port mapping

(Permutation Matrix)


Figure 6. Permutated case of Figure 5 for the conventional system.
4. Conclusion
   In this contribution, we discussed about multi-cell antenna allocation issue for joint CoMP approach. Appropriate antenna allocation for UE among multiple cells can be realized based on PMI feedback. However, following additional functions will be necessary.

· Preferred Antenna Indices (PAI) feedback from UE.
·  (Super) eNB broadcasts Antenna Assignment Information (AAI) to UEs.
· Antenna port mapping function from virtual antenna ports to real antenna ports.

· Instead of the antenna port mapping function, super eNB controls precoding vectors and permutation algorithm of layer mapping for each base band unit (BBU).
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