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1 Introduction
The agreements reached so far (as of 3GPP RAN1 WG1#58bis) on CSI-RS design are summarized as below:

· CSI-RS structure is sparse in time and frequency.
· CSI-RS needs to support up to 8 transmit antenna.

· CSI-RS punctures the data region in normal and MBSFN subframes.
· CSI-RS is cell-specific. 

Most discussion of CSI-RS were focused on the RS overhead, pattern and multiplexing manner, while CSI-RS reference signal design and layout were seldom discussed under multi-cell circumstances, so far. In this contribution, the CSI-RS network subband and sub-network conceptions are introduced first, then the layout of CSI-RS allocation in multi-cell condition is discussed, at last some simulation results and remarks are given. 
2 Multi-Cell CSI-RS
2.1
Background
We have known that the data REs will cause interference to the CSI-RS REs, under the one frequency multi-cell network condition[1][2][3]. The way we send the CSI-RS is padding the CSI-RS to the punctured the data region RE. Two important issues should be further discussed:
· CSI-RS to CSI-RS interference between different cells(especially adjacent cells) within the same CoMP set or between different CoMP sets.
· Data RE to CSI-RS interference between non-CoMP sets to CoMP set.
The physical resources of CSI-RS are punctured from data REs, serious interferences will occur under ITU multi-cell network model [1][2][3].
Under current LTE-A technique structure, unfortunately, practical schemes can solve multi-cell one frequency network interference is very limited. A new multi-cell CSI-RS scheme was given in this contribution to reduce the interference. 
2.2
RS Network Subband
In the following, the discussion focus on one OFDM symbol CSI-RS pattern, it is easy to extend to the case of  more than one OFDM symbols. 
We define the whole system bandwidth is composed of the basic RS network subband (RS-NSB), which size can be set according to the system bandwidth value, such as 2RBs, 4RBs, 6RBs and 8RBs. Every RS-NSB size can be the same or different. After fixing the RS-NSB size, we can use the RS-NSB to make up of the whole network system bandwidth.
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Figure 1：RS-NSB example
From the above figure 1, the whole CSI-RS OFDM symbol bandwidth consists of P different basic RS-NSB. Among them the bandwidth size of RS-NSB(u, i) and RS-NSB(u, j) can be the same or different. The bandwidth size and the frequency start position should be the same for cell u and cell v’s the i-th RS-NSB, ie., RS-NSB(u, i) and RS-NSB(v, i). So we call this subband allocation solution in network as RS-NSB.
The user data region bandwidth allocation in the CoMP set is not limited. In other words, the eNB divides the CSI-RS OFDM symbol bandwidth according the way as above figure 1, and the eNB uses the corresponding RS-NSB to measure the related data region CSI. 
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Figure 2：User data bandwidth and RS-NSB bandwidth mapping relationship
The user data can occupy several RS-NSB or part of one RS-NSB, as above figure 2. In the example of figure 2, the bandwidth of RS-NSB(u, i) and RS-NSB(u, i+1) is the same, ie., 4RBs. User A data region takes 2RBs, and user B with 6RBs. Use A uses totally 4RBs RS-NSB(u, i+1) to estimate CSI, and user B uses RS-NSB(u, i) and RS-NSB(u, i+1), totally 8RBs. 
2.3
RS sub-network

Since the frequency region beginning and end position for every RS-NSBi in CSI-RS symbols is the same in the whole network, Sub-network conception can be defined in the whole network for every RS-NSBi. The whole network composes of several sub-networks, and the sub-network composes M different cells. M different orthogonal sequences can be allocated to the RS-NSBi, in which M different cells in the corresponding sub-network.
Two methods to be suggested to organise the sub-network, one is that different sub-network is allocated different orthogonal sequence sets (naming CDM-Network), and the other is that different sub-network is allocated the same orthogonal sequence sets (naming SDM-Network).
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In the above figure 3(a), every sub-network has 12 cells, and 12 different orthogonal sequences are allocated to 12 different cells. 4 different sub-networks use 4 different orthogonal sequence set. In the above figure 3(b), all different sub-networks use the same orthogonal sequence set.
For CDM-network as above figure 3(a), the advantage is that no same CSI-RS sequences are allocated to the different cells in the network, so the interferences will be more average. And the disadvantage is that for lack of orthogonality, extra interferences will be arisen around the cell border. 
For SDM-network as above figure 3(b), the advantage is that the sequences are all orthogonal for any two adjacent cells. And the disadvantage is that there is same sequence allocated to different cells in the network.  We can further observe that when the cell number within sub-network larger than certain number, the cells allocated the same sequence are spaced enough distance (SDM), so the interference of CSI-RS with same orthogonal sequence will reduced to enough small. 
2.4
CSI-RS Multi-Cell Sequence Allocation
After introducing the conception of RS network subband and sub-network, we further show how to allocate CSI-RS sequences to the network.
As an example, suppose that CSI-RS will only exist within one OFDM symbol, the CSI-RS within the sub-network of different antenna is the same (can be different).  For the frequency region beginning and end position is the same of the different sub-network, we give one SB as example to illustrate, and the operation of other SB is the same.
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Figure 4(a)： CSI-RS pattern (Type-I) of 2RBs
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Figure 4(b)：CSI-RS pattern (Type-II) of 2RBs
The main difference of the above figure 4(a) and 3(b) is the CSI-RS density, every RB of the former one has  3 CSI-RS REs, but the latter one has 2 REs. 
For the above figure 4(a) and 4(b) of CSI-RS Type-I and Type-II, when the number of transmitting antenna is 4,   the REs marked ‘0’ and ‘1’ allocated to the same antenna, when the number of transmitting antenna is 8, the REs marked ‘0’ and ‘1’ allocated to 2 different antennas.
So the above Type-I and Type-II can both support the requirement for 4 or 8 antennas CSI-RS adaptively according to the system antenna number. 
In the following, we suppose the number of antenna is 4, the multiplexing manner for different antenna of every cell is FDM.  In other words, the RE occupied by different antenna is orthogonal in time and frequency domain. Because there are null RE, power boosting is possible for every antenna.
For one SBi, different orthogonal sequences are allocated to every cell within sub-network, as the following figure 5. 
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Figure 5：Sequence allocation for M different cells in port0 within sub-network
Where C(M, L) is a sequence set, with M different sequences and every sequence length is L. For example, when the length of RS-RBi is 4RBs, to CSI-RS Type-I, L=12 and at most 12 different orthogonal sequence can be allocated to a sub-network with size no larger than 12. To CSI-RS Type-II, L=8 and at most 8 different orthogonal sequence can be allocated to a sub-network with size no larger than 8.
The orthogonal sequence set can be any kinds of orthogonal sequence set. Generally speaking, it can be a Hadamard matrix, a DFT/IDFT matrix , or the cyclic shift or interleaving of perfect sequence. 
When there are more than 4 transmitting antennas, besides the above methods, antenna virtualization scheme[4] is suggested, which 2 different antennas can be regarded as one antenna[4]. 
3 Simulation Results and Discussion
The performance is given by Appendix1, where we compared the orthogonal sequence set scheme with LTE R8 CRS (Gold sequence) sequence scheme [5]. There are 2 interference supposed for all simulation results. 
In the simulation, the transmitting antenna number is 4 and the received antenna number is 2, the LTE R8 fading channel model was adopted. The receiver algorithm is linear minimum mean square error (LMMSE). The Doppler shift value was 30Hz.
For figure A1-1, the size of RS-NSB is 4RBs, CSI-RS pattern is Type-I, the fading channel model is EVA, low antenna correlation. This figure gave the performance with different interference strength. We can observe that the CSI estimated performance was destroyed by the strong interference in the same frequency domain. But for all kinds of interference value, the orthogonal sequence scheme outperformance Gold sequence scheme.
For figure A1-2, CSI-RS pattern is Type-I, the fading channel model is EVA, low antenna correlation, and the interference signals strength are fixed at value -15dB and -20dB relative to the transmitting signal. This figure gave the performance comparison for different RS-NSB bandwidth. From the figure, we can observe that the worst performance is 2RBs CSI-RS, the others are similar.  Taking into account the estimated performance and implementation complexity, the size of 4RBs RS-NSB is proposed, 6RBs also acceptable for some special cases.
For figure A1-3, the size of CSI-RS is 4RBs, CSI-RS pattern is Type-I, the fading channel model is EVA, and the interference signals strength are fixed at value -15dB and -20dB relative to the transmitting signal. This figure gave the performance comparison for different antenna correlation. From the figure, we can observe that under different antenna correlation, orthogonal sequence allocation scheme is obviously better than Gold sequence. And the performance difference is least for the low antenna correlation can be further observed.
For figure A1-4, the size of CSI-RS is 4RBs, CSI-RS pattern is Type-I, low antenna correlation, and the interference signals strength are fixed at value -15dB and -20dB relative to the transmitting signal. This figure gave the performance comparison when signal passed different fading channel.  From the figure, we can observe that the orthogonal sequence scheme is superior to the Gold sequence scheme for different kinds of fading channel condition.
For figure A1-5, the size of CSI-RS is 4RBs, the fading channel model is EVA, low antenna correlation, and the interference signals strength are fixed at value -15dB and -20dB relative to the transmitting signal. This figure gave the performance comparison for CSI-RS Type-I and CSI-RS Type-II. From the figure, we can observe that within low to medium SNR region, larger gain can be got by using Type-I. And within high SNR region, the conclusion is similar, and the orthogonal scheme all superior to the Gold sequence scheme.
The overhead is only 1.43% for CSI-RS Type-I with the time period is 5ms, and 0.95% for Type-II. The difference is very small, taking into account the difference of performance, we prefer the CSI-RS pattern Type-I.
4 Conclusion
In this contribution, we discuss the multi-cell CSI-RS design problem for LTE-A. Our conclusions are:

· Propose RS-NSB and sub-network scheme as baseline for LTE-A CSI-RS design.
· The scheme of this contribution can be applied 8 antennas, but when the number of antenna is more than 4, we preferred antenna virtualization scheme to reduce the actual antenna number.
· CSI-RS Type-I and CSI-RS Type-II are both ok, considering implementation complexity and performance, CSI-RS Type-I pattern is preferred.
· The size of every RS-NSB can be the same or different, considering implementation complexity and performance, we prefer that most of RS-NSB take the size of 4RBs, and some special RS-NSB take 6RBs.
· For sub-network, both CDM-Network and SDM-Network are feasible.
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Figure 3(a) CDM-Network
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Figure 3(b) SDM-Network
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