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1 Introduction
In TR 36.819 [1], Rel-11 CoMP can be mainly classified into Joint Processing (JP) and Coordinated Scheduling/Beamforming (CS/CB) and JP-CoMP can be further categorized into Joint Transmission (JT) and Dynamic Point Selection (DPS). The performances for these CoMP categories in different deployment scenarios [1] have been evaluated from RAN1#64 meeting.
In this contribution, different operation type for CoMP-JT are defined and discussed. The analysis of precoding structure for these different types of CoMP-JT is also provided.
2 Types of CoMP-JT Operation
In TR 36.819 [1], CoMP-JT is defined as that simultaneous data transmission from ‘multiple’ points (part of or entire CoMP cooperating set) to a single UE or multiple UEs in a time-frequency resource. Here, we further classify the JT operations based on how the data is distributed among transmission points. As pointed out in [2], the CoMP-JT operation can be done through a single-rank transmission or high-rank transmission. Single-rank transmission means that ‘single’ data stream (rank-1) is distributed on and transmitted from all transmission points (TPs) to UE(s) within the cooperating set to perform the JT operation. To further clarify the JT operation defined in [2], the classifications of JT operation under the same transmission rate can be classified in terms of data distribution/transmission behaviour as follows:
· Type-I JT-CoMP: Fully distributed transmission

· Type-II JT-CoMP: Partially distributed transmission

· Type-III JT-CoMP: Individual transmission
To clearly understand these three types of CoMP-JT operation and analyze the associated precoding structures, an example of 3 data symbols from 3 streams, d0, d1, d2, are transmitted from 3 TPs as depicted in Figure 1 is given, in which each of the TPs transmits the data stream(s) via a codebook-based precoder with 4 antenna ports. In this example, irrespective of the JT-CoMP operation type, the transmission data rate is the same.
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Figure 1: Types of JT-CoMP.

3 Analysis of Precoding Structure for JT-CoMP Operations
Considering the example in Figure 1, an analysis of precoding structures for the 3 types of JT operation is provided. In particular, both the per-point feedback with or without a complementary inter-point feedback and aggregated feedback [1] are also considered for comparison. Note that as pointed in [3]-[5], the performance of aggregated feedback, in general, can be superior to that of per-point based feedback regardless of CoMP-JT operation type. However, the flexibility for application of aggregated feedback is poorer than that of per-point based feedback.
· Type-I operation for CoMP-JT: Fully distributed transmission

For Type-I CoMP-JT, as shown in Figure 1 (a), the 3 independent data streams, d0, d1, d2, are distributed on and transmitted from all of the 3 TPs in a time-frequency resource.
For aggregated feedback, the precoding matrix with size of 12 ( 3 can be expressed as:
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 is constructed and jointly designed by the three geographically-separated TPs. In general, Type-I CoMP-JT with aggregated feedback can perform best among these 3 types of CoMP-JT operation due to the larger degrees of freedom for interference suppression and further diversity combining by taking the power level and pathloss effect among the TPs into account. However, large amount of new codebooks for different antenna configurations need to be determined and stored at the transmitter and receiver [3]-[5].
For per-point based feedback, on the other hand, in which the data streams are individually precoded by each of the TPs, the precoding matrix is given by:
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where 
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 is a 4 ( 3 precoding matrix at the ith TP. In this case, Rel-8 4-Tx codebook can be reused for 
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 at each of TPs. On the other hand, additional codebook-based inter-point information among the TPs may be also needed for coherent combining to further enhance the performance [3]-[5]. Because the 3 data streams are fully distributed on and transmitted from all the 3 TPs, this type of JT operation basically can perform better than the other types of JT operation. 
· Type-II operation for JT-CoMP: Partially distributed transmission

For Type-II JT-CoMP, as shown in Figure 1 (b), the 3 data streams, d0, d1, d2, are distributed on and transmitted from the some of the 3 TPs in a time-frequency resource. For example, (d0, d1), (d1, d2) and (d2, d0) are transmitted from TP#0, TP#1 and TP#2, respectively. This indicates that d0 will be distributed on and transmitted from TP#0 and TP#2, d1 will be distributed on and transmitted from TP#0 and TP#1, and d2 will be distributed on and transmitted from TP#1 and TP#2. In this case, TP#0 and TP#2 are jointly precoded to transmit d0, TP#0 and TP#1 are jointly precoded to transmit d1, and TP#1 and TP#2 are jointly precoded to transmit d2. Therefore the precoding matrix can be given by:
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where 
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is a 4 ( 1 precoding matrix for the jth data stream at the ith TP. In particular, for the jth data stream, the corresponding precoding matrix 
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, called the ‘group’ precoding matrix, with size of 8 ( 1 by concatenating 2 matrices from the mth and nth geographically-separated TPs can be represented as follows:
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For example, for the 0th data stream, the group precoding matrix 
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by concatenating the 2 matrices from the 0th and 2nd TPs is:
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In particular, the group precoding matrix can also be implemented in an aggregated feedback or a per-point based feedback manner mentioned above.
For aggregated feedback, the group precoding matrix for the jth data stream can be expressed as:
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Again 
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 is constructed and jointly designed by two geographically-separated TPs. As a result, a number of new codebooks for such a precoding scheme may need to be designed in RAN1 which is similar to the case of aggregated feedback for Type-I CoMP-JT described previously. Basically, the performance of this type of JT-CoMP may be poorer than that of Type-I CoMP-JT due to smaller degrees of freedom for interference suppression and diversity combining. However, with an elaborate and adequate design for the group precoding structure and codebooks, less codebooks are needed. For per-point based feedback with inter-point information, on the other hand, the group precoding matrix is then given by:
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In this case, again Rel-8 4-Tx codebook can thus be reused for 
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 at ith TPs. Also, additional codebook-based inter-point information among the TPs is also needed for coherent combining to further enhance the performance.
· Type-III operation for JT-CoMP: Individual transmission

For Type-III CoMP-JT, as shown in Figure 1 (c), the 3 data streams, d0, d1, d2, are individually allocated on and transmitted from the 3 TPs in a time-frequency resource. For example, d0, d1 and d2 are transmitted from TP#0, TP#1 and TP#2, respectively. In this case, the precoding matrix is:
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where 
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is a 4 ( 1 precoding matrix for the ith data stream at the ith TP and Rel-8 4-Tx codebook can thus be reused for 
[image: image19.wmf]i

w

 at ith TPs. Comparing to per-point based feedback mechanism for Type-I CoMP-JT, the 3 data streams in this case are individually precoded and transmitted without interference (i.e. orthogonal transmission). However the diversity gain is poorer because the data stream can only transmitted from a single TP.
Proposal:
· The following 3 types of CoMP-JT operation should may be considered and the performance of these types of CoMP-JT operation needs to be evaluated in RAN1:

· Type-I JT-CoMP: Fully distributed transmission,

· Type-II JT-CoMP: Partially distributed transmission, and

· Type-III JT-CoMP: Individual transmission.
· Group precoding scheme maybe be considered and evaluated in RAN1 for the CoMP-JT operation.

4 Conclusion
Based on the discussion mentioned above, it is proposed that:
· The following 3 types of CoMP-JT operation should may be considered and the performance of these types of CoMP-JT operation needs to be evaluated in RAN1:

· Type-I JT-CoMP: Fully distributed transmission,

· Type-II JT-CoMP: Partially distributed transmission, and

· Type-III JT-CoMP: Individual transmission.
· Group precoding scheme maybe be considered and evaluated in RAN1 for the CoMP-JT operation.
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