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1 Introduction
In order to support LTE-Advanced components such as up to eight layers MIMO and COMP, it seems to be necessary for additional reference signals (RS). Although the details of the RS design are still under further study, the agreed way forward in [1] gives a rough outline of possible options to consider. There is clearly necessary to push forward the issue and narrow down the options which are still open for consideration. In this contribution, we give some considerations on RS for demodulation design. 
2 Consideration on RS for Demodulation
In LTE-A, up to 8 Tx antennas are used for transmission to meet the peak spectral efficiency requirement especially for nomadic or indoor scenarios. Since demodulation requires more accurate channel estimation, the sufficient RS-RE density for the DMRS should be kept. In order to reduce overhead of the reference signal when higher order MIMO is used, the way forward about DMRS design is proposed in [1]. Here we focus on the DMRS design aspects in the carrier where LTE UE and LTE-A UE resources co-exist.

1）LTE UE Compatibility:  In LTE, the UE-specific RS is designed based on antenna port5 which is also have the same characters with DMRS. So in LTE-A, the DMRS may need to be compatible with LTE. The mapping of DMRS for single layer could be the same as UE-specific RS pattern in R8. And in order to compatible with other transmission mode in R8, the CRS need to be kept at least in first two OFDM symbols in a subframe and in the PDSCH resource block which is allocated for LTE UE.  Whether the CRS in PDSCH allocated for LTE-A UE can be punctured need to be further considered.

2）Overhead : As the demodulation needs more accurate channel estimation than measurement, the DMRS density plays an important role for DMRS design. Depending on the mode and channel condition, if different LTE-A UE can see different numbers of demodulation antenna ports, this method can greatly reduce the DMRS overhead, but when the number of layer is high, the average overhead per layer may still need to be further reduced compared with DRS defined in R8. 

3）CoMP Compatibility : The main factor impact the compatibility with CoMP of DMRS design is the frequency shift. Whether the frequency shift of DMRS according to different cell-ID enabled should be carefully studied, and if the frequency shift is open, as the CoMP UE and non-CoMP  UE will see different frequency shift pattern, whether the CoMP UE can be multiplexed with non-CoMP UE should be further studied.
Based on the above requirements for DMRS design, some DMRS design options are given below:

1） When number of layers grows up to 5-8: The density of demodulation RS may not increase proproportionally. One solution is grouping layer number according to different range. The different groups have different average DMRS density per layer. Moreover the average DMRS density of each layer in less layers cases is larger than the average density of each layer in more layers cases, because we assume the high-order MIMO are more effective in low mobility scenario and the users could be scheduled with a number of contiguous RB.
Suppose the maximum layers supported by LTE-A is 8, we have 2 alternative grouping principals to take the total number of layers into different groups. One alternative groups are {1},{2},{3,4}, {5,6,7,8}, the other alternative groups are {1}, {2},{3,4,5,6,7,8}. The difference between the two choices is the starting point of the higher order MIMO from 2 or 4. If we suppose the baseline of LTE-A MIMO is also 2 by 2, the starting point is 2.

1. For group {1} in both alternative choices, the DRS defined in LTE R8 for antenna port5 can be reused for compatibility with LTE UE shown in Figure1.
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Figure 1 when layer number = 1, the mapping of UE-reference signal in LTE can be reused

The DMRS densities for group{2,3,4}and group{5,6,7,8} will be a little lower compared to group{1}. The details of DMRS design for different group is FFS.

For group {2} in both alternative grouping principals, two schemes are illustrated in Figure 2 and 3. The Figure 2 reuses the REs in layer number=1, and Figure 3 scheme can be more compatible with group {3 4}, {5 6 7 8}, and is easy for extended CP case.
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Figure 2 when layer number = 2, the mapping of DMRS
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Figure 3 when layer number = 2, the mapping of DMRS
For first alternative grouping principal, the group {3 4 5 6 7 8} mapping scheme is shown in Figure 4.
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Figure 4 when layer number 
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{3,4,5,6,7,8} ,the mapping of DMRS

For second alternative grouping principal, the group {3 4}, {5 6 7 8} mapping scheme are shown in Figure 5 and Figure6.
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Figure5 when layer number 
[image: image7.wmf]Î

{3,4} ,the mapping of DMRS
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Figure 6 when layer number
[image: image9.wmf]Î

 {5,6,7,8} ,the mapping of DMRS

The DMRS density of the two alternative principal is concluded by table 1 and 2.

Alternative 1 in table 1

	layer number
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	DMRS REs in one subframe 
	Average DMRS REs per layer

	{1}
	12
	12

	{2}
	12
	6

	{3 4 5 6 7 8}
	{12 16 20 24 28 32}
	4


Alternative 2 in table 2

	layer number
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	DMRS REs in one subframe 
	Average DMRS REs per layer

	{1}
	12
	12

	{2}
	12
	6

	{3 4}
	{12 16}
	4

	{5 6 7 8}
	{10 12 14 16}
	2


The DMRS density difference between alternative 1 and alternative 2 is the density of port {5 6 7 8}, the RS volume of alternative is larger than alternative 2, but the overhead is almost twice than alternative. The tradeoff between demodulation performance and overhead should be considered.

2  ）Frequency shift of DMRS : There are two alternatives:

· No frequency shift is used, so the CoMP UE may be multiplexed with non-CoMP UE. But the accuracy of channel measurement will be decreased by inter cell interference.

· Frequency shift is enabled, but resource block allocated to CoMP UE may not be multiplexed with non-CoMP UE. In this case, the frequency shift will base on the anchor cell. All the cells in active set will use the same frequency shift pattern.

The second scheme is more preferred.
3 Summary
In this contribution, we consider issue of DMRS density, especially when the layer number is high, and give some opinions on DMRS design and the frequency shift of DMRS. 

We suggest that:

· The mapping of DMRS for single layer could be the same as UE-specific RS pattern in R8.
· In order to further reduce the overhead of DMRS, we can separate layer number into different group, and different DMRS density will be designed for different layer number group.

· The average DMRS density of each layer in less layers cases is larger than the average density of each layer in more layers cases.

· DMRS frequency shift is enabled and all the cells in active set will use the same frequency shift pattern with anchor cell..
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Summary: In a multiple-antenna system with two transmitters and two receivers, a scenario of data communication, known as the X channel, is studied in which each receiver receives data from both transmitters. In this scenario, it is assumed that each transmit.....
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