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1. Introduction
The DMRS pattern for normal CP has been agreed in [1], as shown in figure 1. However, DMRS pattern for rank5-8 is yet unclear. In this contribution, we will focus on this topic and study the performance of a number of DMRS pattern with different OCC lengths firstly.

In addition, OCCs reversing scheme in frequency-domain has been decided as working assumption and the advantage of the proposed mapping scheme has been analyzed in [2]. In this contribution, we further investigate this topic.


[image: image1.emf]                                               
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       Normal subframe                  DwPTS with 11or 12 symbols               DwPTS with 9or 10 symbols
Figure 1  DM RS pattern for normal CP 
2. DMRS pattern for rank5-8

In RAN1#58, DMRS for rank5-8 with the same location as rank3-4 has been agreed. Moreover, some candidate DMRS patterns for higher rank transmission were also presented in [3, 4, and 5]. In the following, we will further compare these patterns. 
2.1 DMRS pattern
Figure 2 shows the different patterns for rank5-8. Pattern-1 and Pattern-2 adopt Length-2 OCCs while Pattern-3, Pattern-4 and Pattern-5 adopt length-4 OCCs. The OCCs spread in both time and frequency domain in Pattern-3 and Pattern-4, and other patterns adopt OCCs spreading only in time domain.
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Figure 2  DMRS patterns for rank5-8 
The pros and cons of the above five patterns are listed in the Table1.

Table 1 the comparison of different pattern for rank5-8
	
	pros
	Cons

	Pattern-1


	· Better performance in high speed due to short spread and diverse structure in time domain.
	· Difficult reuse of channel estimator due to distinct pattern for layer1-4 and layer5-8; 
· Difficult to balance power of OFDM symbols containing DMRS due to different RS density per port in two slots.

	Pattern-2


	· Better performance in large delay spread due to high RS density in frequency domain.
	· Difficult reuse of channel estimator; 

· Difficult to balance power of OFDM symbols containing DMRS ;
· Inaccurate channel estimation in high speed.

	Pattern-3


	· Better performance in high speed. 
	· Difficult reuse of channel estimator ;
· Difficult to balance power of OFDM symbols containing DMRS ;
· Inaccurate channel estimation in large delay spread.

	Pattern-4


	· Better performance in large delay spread.
	· Difficult reuse of channel estimator ;
· Difficult to balance power of OFDM symbols containing DMRS ;
· Inaccurate channel estimation in high speed.

	Pattern-5


	· Simple channel estimation due to  channel estimator reuse for all ports RS ;
· Power of OFDM symbols containing DMRS balances;
· Better performance in high Doppler.

	· Inaccurate channel estimation in high speed.


2.2 Performance
In this section, we provide simulation results on the performance of above five patterns. The basic transmission assumption is SU with two codewords. SVD-based beamforming mode is considered for rank-8 transmissions. More simulation assumptions can be found in Appendix. Figure 3 plots the BLER curves of the above five DMRS patterns. It is clearly shown that, in all the cases of modulation schemes, the performance curves of these five DMRS patterns are very close in low speed and small delay spread, which is usual scenario for higher rank transmission.
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Figure 3  Performance evaluations of rank-8 transmission 
Therefore, considering performance, power balance and complexity of implementation, Pattern-5 is preferred.

3. OCCs mapping

Frequency-domain variation of Walsh mapping has been discussed [2] and one advantage of the proposed scheme is peak power randomization, which is important for full power utilization. Therefore, frequency-domain variation of Walsh mapping is necessary.
However, detail implementations of frequency-domain variation of Walsh mapping are not yet clear and some aspects will be discussed in the following sections.
3.1 Extension to rank 4 and rank 8
DMRS pattern for rank3-4 is extended from that of rank2 in FDM fashion, as shown in figure 1. DMRS pattern in blue is used for layer 1 and 2, while green is used for layer 3 and 4. Orthogonal cover codes (OCCs) could be same as for rank 2, however OCCs mapping scheme remains unclear. Figure 4 shows mapping schemes of OCCs for up to 4 layers and direction of OCCs reverses in the frequency domain alternatively as proposed for Rel. 9 [2]. Rotation granularity in left figure of figure 4 is subcarrier and different OCCs are used for layer 1-2 and layer 3-4. Rotation granularity in right figure of figure 4 is subcarrier group and the same OCCs are used for layer 1-2 and layer 3-4. Though complexity of subcarrier-based scheme increases slightly, it provides more randomization in power imbalance. Therefore, subcarrier scheme in left figure of figure 4 is preferred for 4 layers.
  
[image: image10.emf]Subcarrier-based

   
[image: image11.emf]Subcarrier group-based

     


[image: image12.emf] Code 0: [1 1] [1-1] 
[image: image13.emf] Code 1: [1 1] [- 1 1]
Figure 4  Mapping scheme for orthogonal cover codes for up to 4 layers
For rank5-8 DMRS pattern, orthogonal cover codes (OCCs) with the length of four is proposed above. An OCCs mapping scheme is provided in [6], as shown in right figure of figure 5. However it cannot balance peak power.

Power imbalance problem of Layer1-layer4 and layer5-layer8 is similar, so only OCCs mapping scheme of layer1-layer4 are analyzed below and the the same conclusion is drawn for layer5-layer8.

[image: image14.emf]Subcarrier-based
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[image: image15.emf]Subcarrier group-based



[image: image16.emf] Code 0: [1 1 1 1] [1 1 -1 -1] [1 -1 -1 1] [1 -1 1 -1] 
[image: image17.emf] Code 1: [1 1 1 1] [-1 -1 1 1] [1 -1 -1 1] [-1 1 -1 1]
Figure 5  Reverse mapping scheme for Length-4 OCCs
For the transmit antenna n, the value of DMRS REs covered by red arrowhead
[image: image18.wmf]n
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Similarly, the value of DMRS REs covered by blue arrowhead
[image: image20.wmf]n
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can be represented as
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Where 
[image: image22.wmf],1,2,3,4

,, and 
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 represent the precoding weights for layer 1 to layer 4 respectively. For the worst case, 
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the transmission power of DMRS in the 7th and 13th OFDM symbols is always zero and less than that of DMRS in the 6th and 14th OFDM symbols. In other case, the transmission power of DMRS in different OFDM symbols is also different. This power imbalance cannot be resolved by simply reversing sequence. Therefore, for rank5-8 with length-4 OCCs, we propose to use pre-defined sets of OCCs as shown table2 on different locations as shown in figure 6 by different colored arrows. By employing the proposed scheme, the DMRS REs with high power appear in the 6th, 7th, 13th and 14th OFDM symbols in turns; therefore, the transmission power is averaged within 4 OFDM symbols.
Table2 orthogonal cover code for rank5-8
	
	Code 1 
	Code 2
	Code 3
	Code 4

	Set 0
	[ 1   1   1   1]
	[1   1   -1   -1]
	[1   -1   -1   1]
	[1   -1    1   -1]

	Set 1
	[ 1   1   1   1]
	[-1   1   1   -1]
	[1   1   -1   -1]
	[-1   1   -1   1]

	Set 2
	[ 1   1   1   1]
	[-1   -1   1   1]
	[-1   1   1   -1]
	[1   -1    1   -1]

	Set 3
	[ 1   1   1   1]
	[1   -1   -1   1]
	[-1   -1   1   1]
	[-1   1   -1   1]



[image: image24.emf]Subcarrier-based

                   
[image: image25.emf]Subcarrier group-based



[image: image26.emf] Set 0: [1 1 1 1] [1 1 -1 -1] [1 -1 -1 1] [1 -1 1 -1]  
[image: image27.emf] Set 1: [1 1 1 1] [-1 1 1 -1] [1 1 -1 -1] [-1 1 -1 1]


[image: image28.emf] Set 2: [1 1 1 1] [-1 -1 1 1] [-1 1 1 -1] [1 -1 1 -1]  
[image: image29.emf] Set 3: [1 1 1 1] [1 -1 -1 1] [-1 -1 1 1] [-1 1 -1 1]
Figure 6  Selective mapping scheme for Length-4 OCCs
Considering power balance, pre-defined OCCs set as mentioned above is preferred for 8 layers.

3.2 Implementation

There are two methods to carry out OCCs reversing, which are shown in figure 7.
Method 1:  OCCs and OCCs sets vary within PRBs scheduled for an user so OCCs and OCCs set used for the first resource block scheduled for any user is consistent.
Method 2: OCCs and OCCs sets vary within the whole bandwidth and OCCs and OCCs sets only correspond to PRB index.

[image: image30.emf]                                      
[image: image31.emf]            
Method 1                                                                             Method 2
Figure 7  Two methods of OCCs reverse
For method 1, OCCs and OCCs sets used for certain PRB is variable due to variation in scheduled resources. Therefore, the interference power of DMRS is randomized. However, when number of user scheduling odd PRBs is large, power difference between OFDM symbols remains large. In addition, for MU-MIMO with OCCs length of four, it cannot guarantee orthogonality among users due to OCCs from different OCCs sets is not always orthogonal.
For method 2, OCCs and OCCs sets used for certain PRB is consistent. Considering PRB with odd index and PRB with even index are scheduled equally, power difference between OFDM symbols containing DMRS remains small.

Considering interference randomization, power balance and MU-MIMO, method 2 in right figure of figure 7  is preferred.
4. Conclusions
In this contribution, we discussed OCCs mapping and our preferences are summarized as follows:
· DMRS pattern for rank5-8

· Considering performance, power balance and complexity of implementation, Pattern-5 is preferred.

· Extension of OCCs mapping 

·  Considering the tradeoff between performance and complexity, subcarrier scheme in left figure of figure 4 is preferred for 4 layers.
· Considering power balance, OCCs selecting scheme from pre-defined sets  is preferred for 8 layers.
· Implementation of OCCs mapping

· Considering interference randomization, power balance and MU-MIMO, method 2 in right figure of figure 7 is preferred.
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6. Appendix 
Simulation assumptions
	Parameter

	Assumption

	Antenna configuration
	8×8 (ULA) 

	Bandwidth
	5M

	Channel estimation
	Real, 2D-MMSE, per RB

	Channel model
	LTE_EPA

	UE speed
	3kmph

	MCS 
	QPSK 1/2, 16QAM 1/2, 64QAM 1/2

	Carrier frequency
	2.0 GHz

	Receiver 
	MMSE

	Codeword number
	2

	Layer number
	8

	precoding
	SVD

	Scheduled resource block
	6 RB, contiguous allocation

	Precoding granularity 
	1 RB 

	DMRS pattern
	Pattern-1, Pattern-2, Pattern-3, Pattern-4, Pattern-5
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