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1
Introduction
One of the remaining issues in DL DM-RS is how to map the length-4 orthogonal cover code (OCC) to DM-RS REs. Based on investigations of four candidates [1~5], we propose one of the candidates as the OCC mapping scheme for Rel-10. 
2 
Length-4 OCC mapping
2.1
Design criterions
Some design criterions were discussed in [1~8] for length-4 OCC mapping:  
1. Backward compatibility with Rel-9 OCC mapping pattern  
The agreed Rel-9 OCC mapping for [1,-1] is well defined in section 6.10.3.2 of TS36.211 and illustrated in Fig.1.
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Fig. 1 Agreed OCC mapping for rank up to rank 2 in Rel-9 & 10
Three important features can be observed from Fig.1:

a. DM-RS alphabet: Rel-9 OCC mapping permutes the OCC elements. So it is based on BPSK alphabet and has the advantage of simple implementation.

b. OCC mapping inside one RB: OCC mapping in the top and bottom subcarrier are the same and reverse its mapping direction to that of middle subcarrier. This rule is applied for both RB0 and RB1, where RB0 and RB1 is defined as nPRB being even and odd RB number respectively. 
c. OCC mapping between RB0 and RB1: There is simple relation between OCC mappings of two RB. More specifically, OCC mappings in RB1 reverse directions to the corresponding OCC mappings in RB0. 
For Rel-10 OCC mapping of rank 5~8, since code [1,-1,1,-1] is the natural extension of code [1,-1], it is at least necessary to re-use rel-9 OCC mapping for this code [1,-1,1,-1]. For other codes, i.e., [1,1,-1,-1] and [1,-1,-1,1], it is preferable to preserve as many as possible Rel-9 features to decrease the specification changes from Rel-9 to Rel-10 on this issue.
2. 2-D orthogonality 
The necessity of 2-D orthogonality can be investigated from two aspects:

I. Robustness on channel variation
We do agree that high or even moderate mobility is not the optimization target for Rel-10 high rank DMRS design. However, potential enhancement from 2-D orthogonality has only minor specification effort and results significant performance gain in time selective channel [2, 5~8].
II. Possibility of slot basis processing [6]
For DMRS with length-2 OCC, it allows UE to implement slot basis processing before receiving the whole subframe. If the whole subframe is required to de-spread the DMRS, such slot basis processing is not possible. However, with proper 2-D orthogonality, DMRS detection within one slot is also possible even for length-4 OCC. Slot basis processing allows more decoding time for UE, which is useful in  high rank transmission. We think it is attractive to allow slot basis processing from 2-D orthogonality for length-4 OCC.
Considering the benefits and little costs in specification changes, 2-D orthogonality should be one of the factors on deciding Rel-10 OCC mapping pattern. For the sake of simplicity, one RB basis 2-D orthoginality is more suitable from implementation perspective [4,6].
3. Peak power randomization 
Length-4 OCC mapping scheme should have the ability to solve the peak power problem raised in [9].

2.2        Candidates of length-4 OCC mapping

Here we show 4 candidates of length-4 OCC mapping schemes for the 1st CDM group namely {port-7,8,11,13}, it is applicable for 2nd CDM group {port-9,10,12,14} without any difficulty.
· Option 1: The scheme is proposed in [1]. Cyclic shifting OCC mapping of one symbol is realized. It is shown in Fig.2.
· Option 2: The scheme is proposed in [2]. 2-D orthogonal is realized between RB0 and RB1. It is shown in Fig.2.
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Fig.2 Illustration of option 1 and 2

· Option 3: The scheme was proposed in [4, 5, 7]. 2D orthgonality is limited within one RB but OCC mapping rule of revere direction is aligned with Rel-9 mapping principle as in Fig.3.
· Option 4: Option 4 assigns different ports with different phase shifts [3] and is illustrated in Fig.3
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Fig. 3: Illustration of option 3 and 4 
It is noted that T1~T4 in Fig.2 and 3 indicate the positions of the OFDM symbols containing DMRS.
3 
Discussion of OCC mapping candidates
Four OCC mapping candidates are discussed here in terms of design criterions in section 2.1 i.e. backward compatibility, robustness and peak power randomization.
As pointed in [1, 3, 7] that, if powers summation rounds for 4 adjacent RBs, all 4 options can achieve constant value of DMRS power summation through T1~T4. Analysis in Appendix shows that all 4 options can balance the peak power as raised in [6]. Especially, the simulation results in the Appendix show that the difference of power randomization effect among option 1~4 is marginal, which is aligned with conclusions in [5]. So peak power randomization effect only may not be sufficient to decide the OCC mapping scheme. It is noted that, there are different conclusions on power randomization effects in [3]. In Appendix, our analysis shows that simulation results in [3] come from a special setting, i.e, fixed precoding factors. So conclusions in [3] may not be fair for option 1~3.    
The simulation results in [2, 5~8] indicate that 2-D orthogonality is very useful for robust channel estimation quality in time selective channels. As discussed in [6], 2-D orthogonality is also useful for slot-basis processing in low mobility. Analysis in [4] shows that option 4 can achieve the best one RB basis 2-D orthogonality among four options and one RB basis 2-D orthogonality is more suitable regarding OCC mapping issue.
Although all four options reuse Rel-9 OCC mapping for code [1,-1, 1,-1], in terms of three features of Rel-9 mentioned in section 2.1, four options are quite different on preserving Rel-9 features as much as possible:

1) DM-RS alphabet: option 1, 2 and 3 are all based on OCC elements permutation just as Rel-9 and utilize BPSK alphabet. However option 4 is based on non-QPSK alphabet which will cause additional complexity [5].

2) OCC mapping inside one RB: option 3 shares the identical feature as Rel-9.  Option 2 partially shares this features for part of RB1 and RB2. Option 1 & 4 don’t follow this feature. It is noted that this feature is the critical point to achieve slot-basis processing proposed in [6].
3) OCC mapping between RB0 and RB1: No options are exactly same as Rel-9 on this feature. Simple relations can describe OCC mapping between RB0 and RB1 for option 1, 3 and 4: For option 1, forward cyclic shitting OCC mapping of one symbol in RB0 results the corresponding OCC mapping in RB1; For option 3, exchanging OCC mappings of RB0 between T1 and T2, T3 and T4 results the corresponding OCC mapping in RB1; For option 4, phase shitting 180 degrees on OCC mapping of port 8, 11, 13 in RB0 results the corresponding OCC mapping in RB1. For option 2, it is hard to use simple rule to describe the OCC mapping between two RBs.
The above analysis indicates that option 3 preserves the most Rel-9 OCC mapping features among four candidates. Considering the performance on peak power randomization and 2-D orthogonality, we suggest option 3 as the OCC mapping scheme for rank 5~8.
4
Conclusion
In this contribution, we investigate four OCC mapping candidates for DMRS rank 5~8. By discussing expected performance of four candidates through three perspectives: backward compatibility, potential 2-D orthogonality and peak power randomization, we suggest option 3 as OCC mapping scheme for DMRS rank 5~8.
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Appendix
Analysis on peak power randomization

To compare the effect of peak power randomization, we give quantitative analysis here. Since OCC mapping in option 1~4 all cross 2 adjacent RBs, for easy and clear analysis, it is assumed here that RB0 and RB1 in Fig.2 ~Fig.3 have same precoding, the precoding factors for DMRS  port 7, 8, 11 and 13 on a given antenna port are A, B, C and D respectively. Then similar to the analysis in [3], we calculate the summation of the DMRS RE power in one DMRS OFDM symbol across 2 RBs, i.e, powers of 6 DMRS REs are added through T1~T4 for each option. The calculation results are summarized by Table A-1:
	
	T1
	T2
	T3
	T4

	Option 1
	6(|A|2+|B|2+|C|2+|D|2)+
2(AC*+CA*)+2(BD*+DB*)
	6(|A|2+|B|2+|C|2+|D|2)-

2(AD*+DA*)-2(BC*+CB*)
	6(|A|2+|B|2+|C|2+|D|2)-

2(AC*+CA*)-2(BD*+DB*)
	6(|A|2+|B|2+|C|2+|D|2)+
2(AD*+DA*)+2(BC*+CB*)

	Option 2
	6(|A|2+|B|2+|C|2+|D|2)+
2(AD*+DA*)+2(BC*+CB*)
	6(|A|2+|B|2+|C|2+|D|2)-

2(AD*+DA*)-2(BC*+CB*)
	Same as T2
	Same as T1

	Option 3
	6(|A|2+|B|2+|C|2+|D|2) +2(AC*+CA*)+2(BD*+DB*)
	Same as T1
	6(|A|2+|B|2+|C|2+|D|2)-

2(AC*+CA*)+2(BD*+DB*)
	Same as T3

	Option 4
	6(|A|2+|B|2+|C|2+|D|2)
	Same as T1
	Same as T1
	Same as T1


Table A-1. Peak power randomization effects calculation
The typical peak power issue is that, in worst case, zero power may appear in DMRS symbol(s) [9]. It is easy verified from Table A-1 that unless A, B, C and D are all zero, zero power will not appear in T1~T4 for all options. In this sense, option 1~4 are all good to solve the peak power problem, which is aligned with the analysis in [1~8]. 
Although initial analysis based on Table A-1 [4] shows that option 4 is slightly better than option 3 and option 3 is slightly better than option 1 & 2, form standardization point of view, it is more important to evaluate such difference numerically. It is noted that powers in Table A-1 depend on the values of A, B, C and D, which vary with the channel realizations. In [3], fixed precoding factors on one Tx port of A=B=C=D=1 are used for the simulation. From Table A-1, it is easily found that A=B=C=D=1 is the worst case for option 1~3. That is why non- neglectable differences among powers in T1~T4 are observed in [3] for option 1~3. If precoding factors are chosen as A=B=C=1 and D=-1, from Table A-1, it is not surprise to expect constant powers on T1~T4 for all option 1~4. Therefore if numerical evaluation is based on fixed precoding factors, the results are not convincing for the fair comparisons among option 1~4. Then we perform simulations assuming general beamforming and the results are shown in Fig A-1. In Fig A-1, per-symbol power through T1~T4 are calculated and normalized, the simulation assumptions are in Table A-2. From Fig A-1, it is found that the power fluctuation difference among option1 ~option4 are marginal which is aligned with the conclusions in [5].  Therefore, it is safe to conclude that option 1~4 all can solve the peak power problem and the power randomization effects among option 1~4 are about the same. 
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Fig A-1 Normalized per-symbol power for T1 ~T4 with general beamforming   
	Parameter
	Value

	Transmission Bandwidth
	5 MHz

	Channel Model
	N/A

	Number of Tx antennas
	8

	Number of Rx antennas
	8 

	Transmission scheme
	Fixed rank 8

	Allocation Size 
	24 RBs

	Power offset between spatial layers
	0 dB

	Modulation order
	64 QAM

	PDSCH-to-DM-RS power ration
	0 dB

	Precoding granularity
	Wideband

	Precoding
	SVD on perfect CSI


Table A-2  Simulation assumptions



















































PAGE  
1/6

