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1. Introduction
At the RAN1#59 meeting, application of time/frequency variation of the orthogonal cover codes (OCC) mapping to downlink demodulation reference signal (DM-RS) for dual-layer beamforming in the Rel. 9 LTE [1] was confirmed as the working assumption.
In this contribution, we focus on DM-RS design for up to 8 layer transmission in LTE-Advanced considering extension from approved Rel. 9 DM-RS design. We study detail implementations of frequency-domain variation of length-4 OCCs based on possible UE-RS patterns as shown in Fig 1, which is proposed previously by some companies [2][3] for rank 5 to 8.
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Figure 1–DM RS patterns for up to 8 layers with length-4 OCC 
2. OCCs Mapping Design
As analyzed in [3][4], the usage of length-2 OCC mapping to DM-RS for dual-layer beamforming will introduce power imbalance that the DM-RS REs within a physical antenna port in certain OFDM symbol may have twice the power (in case of 2 layer transmission) or zero power. Then, if length-4 OCC is applied, the DM-RS REs within a physical antenna port in certain OFDM symbol may have four times the power or zero power. However, the detail implementations of frequency-domain variation of length-4 OCC mapping are not yet clear.

Another aspect of OCC mapping is the orthogonality in both time and frequency domains. With length-4 OCC, the same channel response within 9 symbols is assumed. The orthogonality between CDM DM-RS will break down with medium and high mobility which causes BLER performance degradation [5]. Thus, good orthogonality both in time and frequency domains should be considered to achieve better performance in a time/frequency selective channel. 

Some contributions discussed length-4 OCC mapping schemes [4][6-7], which mainly focus on either the randomization of DM-RS power or orthogonality of both time and frequency domain. Taking into consideration of both design criterions, elaborately predefined sets of OCCs mapping on different frequency locations is proposed. The proposed OCCs are given in table 1 and the mapping scheme is given in Fig 2.
Table1 proposed OCCs for rank5-8
	
	Layer1
	Layer 2
	Layer 5
	Layer 6

	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]

	
	Layer 3
	Layer 4
	Layer 7
	Layer 8

	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]
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Figure 2–mapping scheme for length-4 OCCs 
The analysis of peak power randomization and two-dimensional orthogonality properties provided by predefined OCCs in table 1 is given as follows.
· Peak power randomization
If wideband precoding is assumed, the value of DM-RS on k-th, (k+1)-th, (k+5)-th and (k+6)-th subcarrier multiplied by proposed OCCs in table 1 can be represented as,
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where wn,1~wn,4 represent the precoding weights for multiplexed 4 layers at the n-th eNode B transmit antenna, respectively. Therefore, if the precoding weights wn,1= wn,2= wn,3=wn,4 , the transmission power of DM-RS on certain subcarrier is different for  6th , 7th , 13th  and 14th OFDM symbols. For example, the transmission power of DM-RS on k-th subcarrier xn,k is four times the power for 6th  OFDM symbol , while zero for  7th , 13th  and 14th OFDM symbol.  Fortunately, the peak power appears in these 4 OFDM symbols alternatively in frequency domain, e.g. on k-th, (k+1)-th, (k+5)-th and (k+6)-th subcarrier that average (randomize) the transmission power. 
To further randomize the peak power, more predefined sets of OCCs can be applied which map in frequency domain alternatively. Meanwhile, the interference of DM-RS is also randomized. Table 2 and Fig 3 give more examples of OCCs and corresponding mapping scheme. 
Table2 more OCCs for rank5-8
	
	Layer1
	Layer 2
	Layer 5
	Layer 6

	Set 4
	[ 1 1 1 1]
	[1 -1 -1 1]
	[-1 -1 1 1]
	[-1 1 -1 1]

	Set 5
	[1 1 1 1]
	[1 -1 -1 1]
	[1 1 -1 -1]
	[1 -1 1 -1]

	
	Layer 3
	Layer 4
	Layer 7
	Layer 8

	Set 6
	[1 1 1 1]
	[-1 1 1 -1]
	[1 1 -1 -1]
	[-1 1 -1 1]

	Set 7
	[ 1 1 1 1]
	[-1 1 1 -1]
	[-1 -1 1 1]
	[1 -1 1 -1]
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Figure 3–mapping scheme for multiple sets of length-4 OCCs 
To avoid additional downlink signaling and guarantee the orthogonality of DM-RS for different users in multiuser transmission case, including OFDMA and MU-MIMO, the mapping of different sets of OCCs varies in the whole allocated bandwidth alternatively corresponding to the PRB index. 

· Orthogonality of both frequency and time domain
By applying the proposed OCCs and the mapping scheme, the DM-RS on adjacent OFDM symbols and adjacent subcarriers for the multiplexed layers is orthogonal. For example, OCCs for multiplexed 4 layers on k-th and (k+5)-th subcarrier in 6th and 7th OFDM symbols are,
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Thus, the performance degradation due to high mobility could be reduced since inter-code orthogonality is achieved not only in the time domain but also in the frequency domain. 
3. Conclusions

In this contribution, we have considered the OCCs design of DM-RS for rank5~8.  The proposed multiple sets of predefined OCCs allow randomization of precoded DM-RS, and satisfy two-dimensional orthogonality among multiplexed layers which provides more robust channel estimation performance with medium and high mobility.  The related downlink signaling is FFS.
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