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1 Introduction

The DMRS pattern of rank-1 and rank-2 for Rel-9 downlink dual-layer beamforming is agreed [1] in RAN1 #58. The same pattern is to be used for rank-1 and rank-2 downlink transmission in Rel-10 system.
This contribution discusses the DMRS sequence design in Rel-9 system. 

2 Two DMRS sequence structures
The CDM-based DMRS pattern is agreed for dual-layer beamforming transmission in Rel-9 system as well as up to rank-2 transmission in Rel-10 system. In this pattern, the DMRS RE’s are constructed in pairs, each of which can contain the DMRS signal from two layers with 2x2 CDM multiplexing. In general, the DMRS sequence is constructed as the product of certain orthogonal sequence (e.g., Walsh sequence) for CDM multiplexing and certain pseudo-random scrambling sequence for signal randomization. 
Assume the orthogonal sequence in each pair is given by 
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Denote 
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. Then we consider two design categories for scrambling sequence:
a) Scrambling sequence left-multiplied to 
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 – layer-common scrambling
The combined DMRS sequence S is constructed by
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In this construction, the scrambling sequence is RE-wise multiplied to CDM orthogonal code, but is common to all CDM layers. In other words, layer-common scrambling sequence should not be the function of layer index or UE ID (
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n

) in case of MU-MIMO. 
b) Scrambling sequence right-multiplied to 
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The combined DMRS sequence S is constructed by
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In this construction, the scrambling sequence is different per layer and is spread by CDM orthogonal code on each layer. The layer-specific scrambling sequence could be the function of layer index or UE ID (
[image: image8.wmf]RNTI
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).
It can be easily proved that the combined DMRS sequence S satisfies 
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 for both layer-common and layer-specific scrambling, no matter whether scrambling sequence 
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 is BPSK or QPSK modulated. 
The comparison of two kinds of scrambling sequence is given as below. 
1) The performance of channel estimation
Assume cell-A and cell-B in a general system model of up to two layer transmissions. UE-1 is served by cell-A, the DMRS signal (one pair of CDM RE’s) received at UE-1 is denoted by 
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a) If UE-1 is scheduled with 2-layer transmission, the channel estimator is 
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, and its performance measured by MSE per layer is given by 
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where 
[image: image16.wmf]total
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 is the total interference power seen by UE-1 from cell-B. This shows that both layer-common and layer-specific scrambling structures share the same performance for UE-1’s channel estimation if UE-1 is scheduled with 2-layer transmission. 
b) If UE-1 is scheduled with 1-layer transmission, the channel estimator is 
[image: image17.wmf]r

s

h

H

A

A

v

v

1

,

1

,

ˆ

=

. No matter whether or not UE-1 has its own DMRS CDM-multiplexed with other UE in cell-A, the MSE of channel estimation in UE-1 is given by 
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, the analysis can be further divided into three cases. 

i. Cell-B has 1-layer transmission for certain UE and that layer is the same as used by UE-1. 
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, the interference term of MSE is 
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. So the layer-common structure is the better choice in this particular case

ii. Cell-B has 1-layer transmission for certain UE and that layer is different from the one used by UE-1 (MU-CoMP)

[image: image22.wmf]ï

ï

î

ï

ï

í

ì

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

=

specific

-

layer

0

common

-

layer

1

0

2

2

1

2

,

d

W

W

d

d

s

B

v

, the interference term of MSE is 
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For layer-common scrambling structure, if the scrambling sequence is initialized with some common parameter (such as CoMP set ID) in case of MU-CoMP, the interference term in the MSE is also equal to zero due to 
[image: image24.wmf]i

i

d

c

=

, which results in the same performance between layer-common and layer-specific structure. 
iii. Cell-B has 2-layer transmission
Assume 
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. The interference term in UE-1’s channel estimation MSE can be calculated as 
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Compared to the layer-specific structure having the constant interference component in MSE, layer-common structure generally have varied interference component that could be larger or smaller, depending on the scrambling sequences in two cells. Because of
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, the averaging (over random sequence) volume of this interference component is the same for both structures. In addition, both structures have the equivalent interference term in MSE if either of following conditions is met.

C-1) 
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. This could happen if the 2x2 unitary precoding matrix is applied in cell-B (for SU-MIMO) and channels are independent among ports; or
C-2) 
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. This could be realized by multiple constructions of sequence itself, which includes using BPSK for scrambling sequence. 
2) Estimation of interference from paired UE
Without loss of generality, assume UE-1 and UE-2 are assigned on layer-1 and layer-2 respectively. Denote the DMRS sequence matrix S as 
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. From viewpoint of UE-1, its estimation of interference from UE-2 is calculated by
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. It can be shown that 
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, which reflects the total interference plus noise power seen by UE-1. Therefore, both layer-common and layer-specific sequence generation methods should behave no difference in single-cell MU-MIMO interference estimation.
3) Dependency to DMRS pattern

In general, the combined DMRS sequence per RB (12 RE) in layer-specific structure is constructed by
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.
It can be seen that the generation of layer-specific scrambling sequence would depend on the CDM code length, which is 2 here. This may introduce dependency on DMRS pattern (CDM structure) for the sequence design when the same principle to generate scrambling sequence is extended to higher rank in R10, in other words, additional DMRS scrambling sequence generation maybe necessary in case that the CDM code length is no longer 2. On the other hand, layer-common scrambling sequence could have its generation independent from CDM structure in the DMRS pattern. Of course, layer-specific scrambling sequence could also be independent from CDM structure with a special construction form defined by
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which means all DMRS RE’s per layer share the same scrambling sequence element. Nevertheless, this special construction has the drawback of weak sequence randomization within RB. 
3 Conclusions

The two scrambling sequence structures for DMRS sequence design are discussed. Our conclusions are:

a) For the channel estimation performance on one target UE, the MSE comparison between layer-common and layer-specific structures is given by table below.
	Transmission setup with target UE
	MSE comparison between layer-common and layer-specific

	Rank-1 for target UE, regardless if SU-MIMO or MU-MIMO in serving cell
	MU-CoMP: rank-1 Tx on different layer in neighboring cell
	Layer-specific structure provides generally lower MSE, but the two could have the same MSE if special common parameter is used among CoMP coordinate cells to initiate layer-common scrambling sequence.

	
	Non-CoMP: rank-1 Tx on the same layer in neighboring cell
	Layer-common structure results in lower MSE in certain estimation instance and the same MSE in rest of occasions.

	
	Non-CoMP: rank-2 Tx in neighboring cell
	Interference power is constant in layer-specific structure, and can be larger or smaller in layer-common structure with the same mean power averaging over scrambling sequence. The interference power could be the same too under certain special conditions. 

	Rank-2 for target UE
	Same 


Table 1 Channel estimation MSE comparison between two sequence structures
Because Rel-9 system does not support CoMP, the majority of DL rank-1 transmissions, if not all of them, would be scheduled on the same default layer (layer 0). From this point of view, the layer-common structure seems a better solution to suppress the interference. When LTE evolves to Rel-10 where MU-CoMP is supported, layer-common structure could still provide the same interference suppression ability as layer-specific structure by initializing the scrambling sequence with parameter that is common to CoMP coordination cells. 
b) The two scrambling sequence structures result in the same interference estimation capability in paired MU-MIMO transmission scheme in single cell.

c) The layer-common scrambling sequence structure could keep independence to CDM code length when evolving to higher rank in Rel-10. 
We suggest further study on both scrambling sequence structures. 
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