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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. Some solutions had been proposed [1~3] so far. This contribution presents investigations and another solution regarding this issue.
2 
Length-4 OCC mapping
2.1
Design criterions
Three design criterions are suggested in [1] for designing length-4 OCC mapping. 
1. Backward compatibility with the agreed scheme for up to rank 2 
As discussed for Rel-9 dual layer beamforming (DL-BF), the OCC mapping for length-2 Walsh code [1,-1] reverses its time domain direction every adjacent subcarrier as described in Fig.1:
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Fig. 1 Agreed OCC mapping for rank up to rank 2 in Rel-9 & 10
This design is well defined with simple equation as section 6.10.3.2 in TS36.211. Therefore on discussing length-4 OCC mapping scheme, for length-4 Walsh code [1,-1,1,-1], it is natural to re-use rank 2 OCC mapping scheme as in Fig.1.
2. Potential 2-D orthogonality
The discussing OCC mapping issue provides the potential that time & frequency domain orthogonality can be achieved simultaneously. With 2-D orthogonality, better performance in time/frequency selective channel can be expected than single orthogonality in time domain.
3. Peak power randomization 
The peak power problem is the reason to introduce Fig.1 OCC mapping scheme to DL-BF rank 2 transmission. So any potential length-4 OCC mapping scheme should have the ability to decrease the power fluctuation among Rel-10 DMRS OFDM symbols.
2.2        Candidates of length-4 OCC mapping

With the design criterions in section 2.1, four candidates of length-4 OCC mapping scheme are listed in this section. Here we show the mapping scheme 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: This OCC mapping scheme was proposed in [1]. As illustrated in Fig.2, the OCC mapping in different subcarriers cyclic shitted sequentially.
· Option 2: This OCC mapping scheme was proposed in [2] and illustrated in Fig.2.
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Fig.2 Illustration of option 1 & 2

It is noted that “a, b, c, d” in Fig 2 represent OCC elements in typical 4x4 Walsh matrix. An OCC mapping corresponds to a permutation of “a, b, c, d”. In Fig.2, DMRS ports in one subcarrier have same OCC mapping. In this sense, option 1 & 2 are port common OCC mapping.
· Option 3: A different design principle from Option 1&2 was proposed in [3] and illustrated in Fig.3, which assigns different ports with different weights. In this sense, it is port specific.
· Option 4: Based on Rel-9 DL-BF OCC mapping pattern, the other port specific scheme is proposed as in Fig.4:
· Port 7 (with OCC [1, 1, 1, 1]) and 8 (with OCC [1, -1, 1, -1]) alternatively reverse its OCC mapping direction every adjacent subcarrier (Rel-9 DL-BF OCC mapping pattern as in Fig.1).
· OCC mapping of port 11 (with OCC [1, 1, -1, -1]) and 13 (with OCC [1, -1, -1, 1]) can be derived from Rel-9 DL-BF OCC mapping pattern:
· In 1st and 3rd DMRS subcarrier of one RB, forward cyclic shift one symbol of Rel-9 DL-BF OCC mapping results the OCC mapping of port 11 & 13;
· In 2nd DMRS subcarrier of one RB, reverse cyclic shift one symbol of Rel-9 DL-BF OCC mapping results the OCC mapping of port 11 & 13.
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Fig. 3: Illustration of option 3 
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Fig. 4: Illustration of option 4
3 
Comparison of OCC mapping candidates
In this section, the four OCC mapping candidates are compared in terms of design criterions in section 2.1 i.e. 2-D orthogonality and peak power randomization:
Table 1 Comparison of 4 candidates
	
	Option 1
	Option 2
	Option 3
	Option 4

	One RB basis 2-D orthogonality  (*1)
	None
	Partial 2-D
orthogonality (*2)
	None
	Full 2-D
orthogonality

	Peak power randomization (across 2RBs)
	Good
	Better than option1
	Best
	Slightly better than option 2


(*1) In Appendix, further analysis includes 2-D orthogonality across 2 RBs 

(*2) Option 2 can achieve frequency domain orthogonality across 1st and 2nd subcarrier only (not 2nd and 3rd subcarrier)
We’d note here backward compatibility is preserved by all 4 options. As already pointed in [3] that, if powers summation rounds for 4 adjacent RBs, all 4 options can achieve constant value of DMRS power summation through T1~T4. Besides the analysis in Appendix show that either of 4 options can solve the typical peak power problem (across 2 RBs) raised in [4]. So peak power randomization effect only may not be sufficient to decide the OCC mapping scheme.

It is observed in [1~3] that one or two RB basis 2-D orthogonality is one potential gain provided by varying OCC mapping schemes. The simulation results in [2] also indicate that 2-D orthogonality is very useful for robust channel estimation on time & frequency selective channels. So one or two RB basis 2-D orthogonality should be taken into account on deciding proper OCC mapping scheme. It is indicated in Appendix that one RB basis 2-D orthogonality is more suitable considering the PRB bundling assumption for two RB basis 2-D orthogonality. It is observed from Table 1 that option 4 achieves full one RB basis 2-D orthogonality. So we suggest to adopt option 4 as the OCC mapping scheme for rank 5~8 in LTE-A.
4     Conclusion
In this contribution, we investigate four OCC mapping candidates for DMRS rank 5~8. By comparing expected performance of four candidates through three perspectives: backward compatibility, potential 2-D orthogonality and peak power randomization, we suggest to adopt Option 4 as OCC mapping scheme for DMRS rank 5~8.
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Appendix
Analysis on 2-D orthogonality across 2 RBs:
RB bundling is assumed here although we realize that there are different views on PRB bundling issue [5].

For option 1, the frequency domain orthogonality crosses whole RB, which may not be good for frequency selective fading.
For option 2, additional 2-D orthogonality is provided at the boundary of two RBs. However, there are uneven channel estimation from the 2-D orthogonality inside one RB and at the boundary of two RBs. Furthermore, in [6], PRB bundling size could be configured as 1, 2 or 3, in this sense, PRG-size dependent 2-D channel estimator is required if 2-D orthogonality at the boundary of two RBs are to be used.
For option 3, 2-D orthogonality is always unavailable regardless of RB bundling.

For option 4, full one RB basis 2-D orthogonality is always achieved irrespective of RB bundling.

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 RB1 and RB2 in Fig.2 ~Fig.4 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 in Table A-1:
Table A-1. Peak power randomization effects calculation
	
	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
	Same as T1
	Same as T1
	Same as T1

	Option 4
	6(|A|2+|B|2+|C|2+|D|2) )+
2(AD*+DA*)-2(BC*+CB*)
	Same as T1
	6(|A|2+|B|2+|C|2+|D|2)-

2(AD*+DA*)+2(BC*+CB*)
	Same as T3


The typical peak power issue is that, in worst case, zero power may appear in DMRS symbol(s) [4]. 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 [1~3]. However, for the fare comparison, we give further analysis on “how good” of option 1~4 in terms of decreasing the power fluctuation across T1~T4.
From Table A-1, we have the following observations and conclusions:

a. Option 3 has the constant DMRS power from T1 to T4.
· So option 3 has the best peak power randomization effect.
b. Through T1~T4, Option 2 & 4 both have two values for the DMRS powers summation, but option 1 has four values for the DMRS powers summation.
· So in terms of less DMRS power fluctuation, option 2 & 4 are better than option 1.
c. Option 4 has same powers on T1 & T2, T3 & T4; Option 2 has same powers on T1 & T4, T2 & T3. But T1 and T2 are adjacent OFDM symbols, T3 and T4 are adjacent OFDM symbols.
· So from avoiding quick power fluctuation across adjacent OFDM symbols point of view, option 4 is slightly better that option 2.

As already pointed in [3] that, if power summation rounds for 4 adjacent RBs, option 1~4 all can achieve constant value of DMRS power summation through T1~T4. In that case, the OCC mappings in option 1, 2 and 3 all need extension to 4 adjacent RBs accordingly.
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