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1 Introduction
At RAN#51, DL MIMO enhancement [1] has been agreed as a Study Item for LTE-Advanced. The improvements with first priority in this Study Item include:
· Identify the need for DL MIMO enhancements, and evaluate such enhancements, applicable to non-uniform network deployments, low-power nodes (including indoor), relay backhaul scenarios, and practical antenna configurations (especially 4 tx, and including geographically-separated antennas i.e. macro-node with low-power RRHs), including:

· Evaluate UE CSI feedback enhancements, including:

· Identify and evaluate techniques for CSI feedback accuracy enhancement, especially for MU-MIMO.
· New codebooks or techniques for codebook selection, modification or update may be included, considering different environments and deployment scenarios.

· Assess the standardisation impact of the studied techniques, including impact on CSI payload sizes. If relevant feedback proposals are not directly implicit in nature, the study of testing aspects should be included. 

On the other hand, at RAN#52, the Study Item on DL MIMO enhancements [2] was again further discussed and agreed that the single-cell CSI feedback enhancements, including CSI feedback for a single or multiple transmission points (TPs), will be studied under the Study Item.
In this contribution, a preliminary study on the CSI feedback enhancements targeting on the design of codebook structure for JT-CoMP is discussed. To address an efficient design on the feedback framework for LTE-Advanced, an analysis on the codebook structure for the geographically-separated antennas based on the simulation assumptions in TR36.819 [3] is provided.
2 Precoding Scheme for JT-CoMP

Assume that NT,i (= 2) antenna ports (APs) are used at the ith TP of a set of NJT-CoMP JT-CoMP TPs (called as the ‘JT-CoMP set’) and UE. Without loss of generality, two typical schemes of precoding with the geographically-separated antennas (in codebook-based) for JT-CoMP are discussed in the following.
· Joint precoding: Data transmitted from the set of JT-CoMP TPs with total
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 geographically-separated transmit antennas would be jointly precoded as illustrated in Figure 1 (a). In this case, a new precoding matrix and its associated codebook with 6 geographically-separated APs need to be redesigned. This type of precoding achieves the better performance due to the large degrees of freedom for interference suppression and further diversity combining. However, a bottleneck here is that larger amount of codebooks aimed for the different possible deployments in JT-CoMP in terms of the number of APs at each TP and the number of TPs participating JT-CoMP will thus need to be defined/determined and stored one-by-one at the transmitter and receiver. As a consequence, the feedback overhead and memory required for the codebook will be extremely high.
· Disjoint precoding: Data transmitted from the set of geographically-separated TPs performing JT-CoMP would be separately precoded by each of the TPs as depicted in Figure 1 (b). In this case, a 6 ( 1 precoding matrix can then be constructed by directly concatenating three 2-Tx precoding matrices, each of which can be realized using the existing Rel-8 2-Tx codebook, with additional phase adjustments between the geographically-separated TPs.  The new precoding matrices and the associated codebooks described above are therefore no longer necessary to be designed. Only the codebook-based phase adjustment is needed. It should be noticed that this type of precoding is relatively simpler however achieves poorer performance than the joint precoding.
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Figure 1: Types of precoding for JT-CoMP.
3 Analysis on Codebook Structure Based on Simulation Assumptions
To facilitate understanding and properly address the problems essentially existing in the codebook structure for JT-CoMP, some typical parameters used in the system-level simulation assumptions for CoMP evaluation in TR36.819 [3] are listed as follows:
· Number of LPNs per macro-cell NLPN:
· Baseline: NLPN = 4

· Optional: NLPN = 1, 2, 10

· Number of APs at a TP:
· Baseline for (macro; LPN)

· FDD: (2; 2), (4; 4)

· TDD: (2; 2), (8; 2)

· Optional for (macro; LPN) 
· FDD: (2; 4)

· TDD: (4; 2)

For performance perspective, we mainly focus on the number of possible codebooks needed for the ‘joint’ precoding. Based on the simulation assumptions mentioned above, it can be shown in the Appendix that total 12 new codebooks for the joint precoding for FDD/TDD baseline need to be further determined for Rel-11 CoMP in following possible deployment cases:

· NT = 4:
[2, 2]

· NT = 6:
[2, 2, 2]
· NT = 8:
[2, 2, 2, 2], [4, 4]

· NT = 10:
[2, 2, 2, 2, 2], [8, 2]
· NT = 12:
[4, 4, 4], [8, 2, 2]

· NT = 14:
[8, 2, 2, 2]
· NT = 16:
[4, 4, 4, 4], [8, 2, 2, 2, 2]
· NT = 20:
[4, 4, 4, 4, 4]

The number of new codebooks shown above for joint precoding is too high and may be prohibited for realization. Furthermore, with the consideration of the optional simulation assumptions, it is no doubt that more than 12 codebooks will thus need to be determined. The number of possible codebooks in Rel-11 CoMP is too high and it therefore needs to be further reduced. To properly design the precoding scheme and its associated codebooks for Rel-11 CoMP, ‘Rel-8 and Rel-10 codebooks’ should be allowed to reuse for further study and the ‘disjoint’ precoding should be also considered in Rel-11 CoMP for baseline.
Observation:

· Large amount of new codebooks for the joint precoding in terms of different JT-CoMP deployments need to be defined in Rel-11 CoMP.
· The number of Rel-11 codebooks is too high and should be properly reduced.
· New codebooks with geographically-separated antennas for joint precoding should be further studied for performance enhancement and Rel-8/10 codebooks should be reused for disjoint precoding for baseline in Rel-11 CoMP.
4 Conclusion
Based on the discussion mentioned above, we have following observations:
Observation:

· Large amount of new codebooks for the joint precoding in terms of different JT-CoMP deployments need to be defined in Rel-11 CoMP.
· The number of Rel-11 codebooks is too high and should be properly reduced.
· New codebooks with geographically-separated antennas for joint precoding should be further studied for performance enhancement and Rel-8/10 codebooks should be reused for disjoint precoding for baseline in Rel-11 CoMP.
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Appendix:

For simplicity, in the following, we defined that (macro; LPN#1, LPN#2,…, LPN#N) represents possible deployment of macro node and N LPNs performing the JT-CoMP with each entry of it being the number of APs used at the macro node or the nth LPN, n = 1,…, N, N < NLPN, in JT-CoMP set. For example, (4; 2, 2) represents that one macro node with 4 APs and two LPNs, each of which has 2 APs, are coordinated to perform JT-CoMP and (0; 2, 2) however represents that only two LPNs (without macro node coordination), each of which has 2 APs, are coordinated to perform JT-CoMP.

The possible deployments (macro; LPN#1, LPN#2,…, LPN#N) and associated total transmit APs NT for JT-CoMP in terms of the number of APs at the ith TP NT,i and the number of TPs participating JT-CoMP NJT-CoMP for ‘FDD baseline’ (i.e. (macro; LPN) = (2 or 0; 2) or (4 or 0; 4) with NLPN = 4) are:

· In case of (macro; LPN) = (2; 2):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(2; 2), (2; 2, 2), (2; 2, 2, 2), (2; 2, 2, 2, 2)}
· Associated total transmit APs NT = {4, 6, 8, 10}
· In case of (macro; LPN) = (0; 2):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(0; 2, 2), (0; 2, 2, 2), (0; 2, 2, 2, 2)}
· Associated total transmit APs NT = {4, 6, 8}
· In case of (macro; LPN) = (4; 4):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(4; 4), (4; 4, 4), (4; 4, 4, 4), (4; 4, 4, 4, 4)}
· Associated total transmit APs NT = {8, 12, 16, 20}
· In case of (macro; LPN) = (0; 4):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(0; 4, 4), (0; 4, 4, 4), (0; 4, 4, 4, 4)}
· Associated total transmit APs NT = {8, 12, 16}
Define that the [TP#1, TP#2,…, TP#NJT-CoMP] represents the possible deployment of NJT-CoMP TPs performing the JT-CoMP with each entry of it being the number of APs used at the nth TPs, n = 1,…, NJT-CoMP, in JT-CoMP set. According to the simulation assumptions, there are 8 possible deployments for FDD baseline to be considered:
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and the possible total transmit APs NT = {4, 6, 8, 10, 12, 16, 20}. As a result, 8 possible codebooks for joint precoding for FDD baseline should be determined in Rel-11 CoMP.
On the other hand, the possible deployments and associated total transmit APs for JT-CoMP for ‘TDD baseline’ (i.e. (macro; LPN) = (2 or 0; 2) or (8; 2) with NLPN = 4) are therefore: 

· In case of (macro; LPN) = (2; 2):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(2; 2), (2; 2, 2), (2; 2, 2, 2), (2; 2, 2, 2, 2)}
· Associated total transmit APs NT = {4, 6, 8, 10}
· In case of (macro; LPN) = (0; 2):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(0; 2, 2), (0; 2, 2, 2), (0; 2, 2, 2, 2)}
· Associated total transmit APs NT = {4, 6, 8}
· In case of (macro; LPN) = (8; 2):

· (macro; LPN#1, LPN#2,…, LPN#N) = {(8; 2), (8; 2, 2), (8; 2, 2, 2), (8; 2, 2, 2, 2)}
· Associated total transmit APs NT = {10, 12, 14, 16}
Similarly, there are 8 possible deployments for TDD baseline to be considered:
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and the possible total transmit APs NT = {4, 6, 8, 10, 12, 14, 16}. Therefore, 8 possible codebooks for joint precoding for TDD baseline should be determined in Rel-11 CoMP.































































































































































































































































































































































































































































































































































5

_1374063927.vsd

_1374673533.unknown

_1374303998.unknown

_1374059857.unknown

