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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 the conclusions of RAN1-61b, we evaluate the performances for BPSK and 6PSK candidates. 
2 
OCC mapping candidates 
In RAN1-61b, two alternatives are concluded for performance evaluation, which are illustrated in Fig.1 as Alt.1 for BPSK alphabet [1] and Alt.2 for 6PSK alphabet [2].  
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Fig. 1 OCC mapping details for Alt.1 and Alt.2
Compared with Alt.2, following characteristics of Alt.1 [3~9] are very important in our view on deciding OCC mapping patterns:

· Low complexity with BPSK alphabet
· Potential on slot basis processing 
· Robustness on time or frequency selective channel
However, as observed by many companies, e.g [3~6], Alt 1 may not well balance the peak power raised in [7]. Considering the concerns on the peak power unbalancing issue [2,10], it would be worthful to improve Alt.1, aiming at:

· Preserving all merits of Alt.1 listed on the above

· Diminishing the peak power unbalance to a minimal level
In fact, as proposed and analyzed in [4, 6, 8], slight modification on Alt.1, i.e. switching the OCC mapping pattern on 1st and 2nd slot for odd PRB, can achieve this target, which is Alt.3 and illustrated in Fig. 2. So in this contribution, Alt.3 is also evaluated as an improvement to Alt.1.
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Fig.2 OCC mapping details for Alt.3
3 
Evaluation on OCC mapping candidates
We evaluated two aspects. The first part is the evaluation of peak power balance effect. The second part is the evaluation of the BLER performance.
3.1  Peak power effect
One of the appealing characters of Rel-10 is the non-codebook based precoding due to the introduction of DMRS. So we use the SVD based general beamforming to evaluate the peak power balancing effect among Alt.1 ~Alt.3. The simulation results are shown in Fig.3, counting DMRS symbol power through T1~T4 as well as data symbol (PDSCH symbol without CRS or DMRS) with 6 allocated RB and 64 QAM. More detailed simulation settings are in Table A-1 of Appendix. 
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Fig. 3 Normalized per-symbol power for T1 ~T4 with general beamforming, 6 RB allocation and 64 QAM

Similar simulation results with the varying RB allocation size (6RB or 24RB) and modulation size (QPSK or 64 QAM) are shown in the Fig A-1 and Fig A-2 of Appendix. With all these results, we observe the steady trend here:
· DMRS symbol power fluctuation: 0 dB for Alt.2; 0.1~0.2 dB for Alt.3; 1 dB for Alt.1
On the other hand, the power fluctuation between DMRS symbol and data symbol (symbol without CRS) may also result low efficiency of PA. Then we use the data symbol in each subframe to normalize the DMRS symbol power of the same subframe to give an intuitive figure for the power fluctuation between DMRS and data symbol in one subframe. The results are shown in Fig.4. From Fig .4 it is observed that:

· DMRS to data symbol power fluctuation: 1.5 dB ~ -2 dB for Alt.2 and Alt.3; 3 dB~ -4 dB for Alt.1  
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Fig. 4 Normalization per-subframe for T1 ~T4 with 6 RB allocation and QPSK

With all the comparisons, we see that in terms of peak power effect, the difference between Alt.2 and Alt. 3 is marginal, while the difference from Alt.1 to Alt.2 & 3 might not be neglectable. 
It is noted here that numerical evaluations based on fixed precoding factors [1,1,1,1] on peak power randomization effect was given in [10]. However, as we pointed in [8] that if the precoding factors on one Tx port are changed to [1,1,1,-1] there would be no difference among 3 options. In the Appendix, such simulation results are shown in Fig A-3. It is seen that DMRS symbol power fluctuation around T1 ~ T4 vanishes for Alt.1~Alt.3, verifying our analysis in [8].
The above example shows a possibility that transparent operation as suggested in [4] may have the potential to solve the peak power problem. If [1,1,1,1] indeed happens for one Tx port in one CDM group, a “-1” can be multiplied into one of the BF vectors mapped into this CDM group. In this way, [1,1,1,1] is changed to [1,1,1,-1] and the peak power problem is solved accordingly with a UE transparent manner.
3.2  BLER performance
On evaluating the BLER performance for OCC mapping, one of key settings is how to de-spread the DMRS. As already pointed in [8~10] that Alt1.~Alt.3 all have the potential in 2-D orthogonality. However, how to utilize the 2-D orthogonality is a UE implementation issue. Therefore, from fair comparison point of view, it is better to evaluate the performance using 2 unique de-spreading methods: time domain de-spreading which is the regular case and frequency domain de-spreading which is an auxiliary case. Other detailed simulation settings are listed in Table A-2.
For 3km/h in EVA model, the simulation results using time domain de-spreading and frequency domain de-spreading are shown in Fig.5 & Fig 6 respectively. It is observed that all three alternatives share the very similar BLER performances with time domain de-spreading. With frequency domain de-spreading, Alt.2 shows some performance degradation compared with those of Alt.1 & 3 for 16 & 64 QAM because the frequency domain de-spreading distance for Alt.1 & 3 are only half of that from Alt.2. To confirm this point, we give further simulation results in EPA model with moderate frequency selectivity compared to EVA, namely 0.99 coherence bandwidth is 355 kHz for EPA and 44 kHz for EVA, respectively. The simulation results are shown in Fig.7. It is found that such performance discrepancy vanish for Alt.2 in EPA model. We repeat the simulations for 30 km/h and the results are shown in Fig. A-4 and A-5. The observations in 30 km/h are similar to those in 3 km/h. For all testing cases, Alt.1 & Alt.3 have very similar BLER performances.
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Fig.5 BLER on 3 km/h, EVA using time domain de-spreading 
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Fig.6 BLER on 3 km/h, EVA using frequency domain de-spreading
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Fig.7 BLER on 3 km/h, EPA using frequency domain de-spreading 
With the simulations results on peak power effects and BLER performance, we found that Alt.3 can improve the peak power effects to the marginal difference from that of Alt.2 while having nearly same BLER performances as those of Alt.1. Furthermore, Alt.3 preserves all merits of Alt.1 as mentioned in section 2 [4, 6, 8]. Thus we can conclude that Alt.3 can achieve a good balance among simplicity, peak power effects and BLER performances. So our proposals on OCC mapping for DMRS rank 5~8 would be:

· Alt.1 if the effects and impacts from the transparent operation can be confirmed

· Otherwise, Alt.3 as the improvement to Alt.1.
4
Conclusion
In this contribution, we evaluate the peak power effects and BLER of three candidates on DMRS OCC mapping patterns: Alt1. ~ Alt.3. With the performance comparisons on three candidates, our preference on OCC mapping pattern for DMRS rank 5~8 are: 
· Alt.1 if the effects and impacts from the transparent operation can be confirmed

· Otherwise, Alt.3 as the improvement to Alt.1.
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Appendix
	Parameter
	Value

	Transmission Bandwidth
	5 MHz

	Antenna configuration
	8  Tx by 8 Rx

	Transmission scheme
	Fixed rank 8 with  QPSK / 64 QAM

	Allocation Size 
	6 RB/ 24 RB

	DMRS to PDSCH power ration
	3 dB

	Precoding
	Fixed precoder / SVD on perfect CSI


Table A-1  Simulation assumptions for peak power effect evaluations
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Fig. A-1 Normalized per-symbol power for T1 ~T4 with general beamforming, 24 RB allocation and 64 QAM
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Fig. A-2 Normalized per-symbol power for T1 ~T4 with general beamforming, 6 RB allocation and QPSK
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Fig. A-3 Normalized per-symbol power for T1 ~T4 with fixed precoding factors [1,1,1,-1]

	Parameter
	Value

	Transmission Bandwidth
	5 MHz

	Antenna configuration
	8  Tx by 8 Rx

	Channel model
	EVA/EPA;3km/h / 30km/h

	MCS
	Rank 8 with  QPSK / 16QAM/64 QAM, R=1/2

	Allocation Size 
	24 RB

	DMRS to PDSCH power ration
	3 dB

	DMRS de-spreading
	Time domain de-spreading / Frequency domain de-spreading inside one RB  

	Channel estimations
	Frequency domain MMSE across 2 RBs

	Precoding
	SVD on perfect CSI


Table A-2  Simulation assumptions for BLER evaluations
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Fig. A-4 BLER on 30 km/h, EVA using frequency domain de-spreading 
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Fig. A-5 BLER on 30 km/h, EPA using frequency domain de-spreading 
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