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1 Introduction
At RAN1#58 meeting, the CDM DMRS pattern was agreed as way forward for Rel-9 dual-layer beamforming and Rel-10 Rank 1-2 transmission [1]. The agreed DMRS pattern is shown in Figure 1. 
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Figure 1 CDM based DMRS pattern for Rank 1-2 [1] 
Already at RAN1#56, the following was agreed:

· RS targeting PDSCH demodulation (for LTE-A operation) are

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· Different layers can target the same or different Ues

· Design principle is an extension of the concept of Rel-8 UE-specific RS (used for beamforming) to multiple layers

· Details on UE-specific RS pattern, location, etc are FFS

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation
· Complementary use of Rel-8 CRS by the UE is not precluded
In this contribution, we further discuss the scrambling sequence design for orthogonal CDM DMRS.  
2 Considerations on DMRS scrambling sequence design
The following aspects may need to be considered for Rel-9/10 DMRS sequence design. 

2.1 Inter-cell interference randomization

As shown in figure 1, DMRS is mapped at the edge of PRB in order to provide the better channel estimation performance within one PRB. The available cell-specific frequency shift for DMRS interference coordination is limited. In addition, network synchronous is required in TDD system. Then the DMRS of different cells will collide in time domain. Consequently, in Rel-9/10 the level of inter-cell interference for DMRS may become higher and inter-cell interference randomization should be carefully considered in the DMRS sequence design.
· Besides cell ID, subframe index, OFDM symbol index, antenna port index, PRB index, UE ID and etc. , can be used for DMRS sequence initialization to generate cell specific and/or UE specific RS sequence and  larger number of available RS sequences for different cells and UEs. 
· The length of DMRS sequence within one PRB should be longer for better randomization performance.
2.2 Orthogonal CDM DMRS
In order to generate the orthogonal CDM DMRS for two layers, a Walsh cover code will be used combined with the DMRS scrambling sequence of each layer. 
For rank 2 transmission, the Walsh code for tow layers can be [1, 1] and [1,-1]. Based on the Walsh code, there are still two formats of DMRS scrambling sequence before Walsh covering. 

In the first format, each element in the scrambling sequence is spreaded into two elements by the Walsh code and the length of DMRS scrambling sequence equals to half of number of DMRS REs of one layer. In this format, the DMRS scrambling sequences of two layers can be different. Figure 2 shows an example of this spreading based DMRS sequence format, where the length of DMRS sequence is 6. 
In the second format, DMRS scrambling sequence for each layer is the same and multiplied with the Walsh cover code. Still the different Walsh cover code is used to generate the orthogonal CDM DMRS. The length of scrambling sequence can then be equal to the number of DMRS REs of one layer. Figure 3 shows an example of this second format, where the length of DMRS sequence is 12. 

[image: image2]
Figure 2 Example of  first format: Walsh code spreading on scrambling sequence 

[image: image3]
Figure 3 Example of second format: same DMRS srambling sequence and different Walsh code for each layer 
Both these formats can be used for orthogonal CDM DMRS, but the second format is better for inter-cell interference randomization thanks to a larger sequence length. 
In figure 4, the randomization performance of two formats is compared through the metric of cross correlation between the sequences used in different cells. In the evaluation, the R8 CRS sequence initialization and RE mapping scheme is referenced for R9/R10 DMRS. [3]
The PN sequence used to generate the scrambling sequence is initialized as 
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where the PN sequence is initialized at the start of each OFDM symbol.
The length of PN sequence is corresponding to 110 PRBs. The DMRS scrambling sequence is the segment of the PN sequence relative to the assigned PRBs.
The lower cross correlation means better randomization. The detailed cross correlation calculation method is attached in the Appendix. 
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Figure 4 Randomization performance of two DMRS srambling sequence formats
From the simulation result, it can be seen that the second DMRS scrambling sequence format with length 12 within one PRB outperforms the first format for inter-cell interference randomization.
Therefore, for orthogonal CDM DMRS, we prefer that the same DMRS sequence with length 12 and different Walsh code for each layer are applied. 

2.3 MU-MIMO support

DMRS design should be identical for MU-MIMO and SU-MIMO. According to the discussion on orthogonal CDM DMRS in the above sections, it is also preferred that orthogonal DMRS and same DMRS sequence are used for the co-scheduled UEs. 
The additional advantage of same DMRS sequence used for MU-MIMO is that UE can get the channel response of the other co-scheduled UE and mitigate the inter-user interference efficiently.
The same DMRS sequence for MU-MIMO requires that UE ID shouldn’t be used for the sequence initialization. 

3  Conclusion
In this contribution, we discuss the Rel-9/10 DMRS sequence design considering the aspects of inter-cell interference randomization, orthogonal CDM, and MU-MIMO support. 

In summary, we propose
· Walsh cover based orthogonal CDM DMRS to avoid the inter-layer interference for channel estimation.

· Same DMRS sequence with length of 12 and a different Walsh cover code are applied for each DMRS layer to improve inter-cell interference randomization.

· UE ID is not used for DMRS initialization and the same DMRS sequence is used for the co-scheduled UEs in order to improve the receiver performance for MU-MIMO. 
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Appendix

The correlation between DMRS sequences used in two neighboring cells are simulated for inter-cell interference randomization evaluation [4]. In the simulation, we assume that the cell IDs of any two neighboring cells should satisfy mod(cell ID_1 , 3) ≠ mod (cell ID_2, 3). 

Assuming the channel H is same within one PRB. In the channel estimation, the time-frequency interpolation is simplified to averaging on the H at DMRS REs in one PRB.

The receiving signal in the ith DMRS RE is 
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where , i=1,2,…,L, L is the DMRS sequence length in one RB, 
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 are the DMRS sequence for two neighboring cells.  
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The LS channel estimation on DMRS is 
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After the interpolation, the estimated H is 
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In order to minimum the impact of interference from the neighbour cell, 
the cross correlation = 
[image: image15.wmf])

1

(

1

2

*

1

å

=

L

i

i

i

S

S

L

abs

should be minimised.   

Here L is the length of RS sequence used in one PRB. 
[image: image16.jpg]






Walsh code of layer 2      1        -1                                                               1        -1





Walsh code of layer 1      1        1                                                               1         1





Walsh code of layer 2      1        -1                                                               1        -1





Walsh code of layer 1      1        1                                                               1         1





Layer 2





Layer 1





r2(3)  -r2(3)                                                        r2(5) -r2(5)





r2(1)  -r2(1)                                                        r2(4) -r2(4)





r2(0)  -r2(0)                                                        r2(4) -r2(4)





r1(2)  r1(2)                                                        r1(5)  r1(5)





r1(1)  r1(1)                                                        r1(4)  r1(4)





r1(0)  r1(0)                                                         r1(3)  r1(3)





DMRS sequence  for layer 1: r1(i), i=0,1,…5


DMRS sequence  for layer 1: r2(i), i=0,1,…5
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Same DMRS sequence  for each layer : r(i), i=0,1,…11
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