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1. Introduction

At the RAN1#58bis meeting, the following agreements were reached regarding the downlink demodulation reference signal (DM-RS) for LTE-Advanced.
· DM-RS pattern for rank 3-4
· Baseline assumption for further investigations is shown in Fig. 1
· DM-RS pattern for rank 5-8
· Baseline is CDM+FDM for further evaluations.
· Same location with same density (24 RE per PRB)
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Figure 1 – DM-RS mapping pattern for Rank 4

Based on the agreements, this contribution discusses the DM-RS design for Ranks 5-8 focusing on the exact mapping pattern associated with the orthogonal cover code (OCC) length in order to support up to 8 layer transmission, considering extending DM-RS design to up to Rank 4.
2. DM-RS Mapping Pattern for Ranks 5-8
Figure 2 shows the DM-RS mapping patterns for Rank 8 transmission discussed during the previous meeting. In Alt. 1, 4 layers are multiplexed by a length-4 OCC and 2 different code-multiplexed groups are further multiplexed in the frequency domain [1]-[3]. On the other hand, in Alt. 2, 2 layers are multiplexed by a length-2 OCC and 4 different code multiplexed groups are frequency-multiplexed [4], [5]. Furthermore, in Alt. 2, two mapping patterns are considered as shown in Fig. 2. In Alt. 2(a), a single DM-RS mapping pattern is repeated for all the resource blocks (RBs). In Alt. 2(b), the DM-RS mapping positions of 2 groups, Layers 1-4 and Layers 5-8, are changed every RB to achieve uniform DM-RS mapping over consecutive RBs. We compare these alternatives in the following discussion.
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Figure 2 – DM-RS mapping pattern and multiplexing scheme for up to eight layer transmission
· Commonality to DM-RS for Ranks 3-4

Regarding the mapping pattern per layer, Alt. 1 is a smooth extension from the DM-RS mapping patterns for up to Rank 4, since the DM-RS position for Layers 1-4 remains the same and the DM-RSs for Layers 5-8 are simply code-multiplexed using a length-4 OCC. 
We also discuss the commonality from the viewpoint of transmission (Tx) power utilization. In Alt. 1, power boosting by 3 dB is employed in the frequency domain for each layer to utilize the full Tx power. We note that the power boosting by 3 dB is also employed in the DM-RS pattern for up to Rank 4. Meanwhile, in the case of Alt. 2(a), since the resource element (RE) density in the frequency domain is different between the 6th (7th) OFDM symbol and 13th (14th) OFDM symbol, the value for the power boosting is different among those OFDM symbols, i.e., 4.77 dB and 7.78 dB, respectively. In the case of Alt. 2(b), although power boosting by 6 dB is applied due to the uniform DM-RS density in the frequency domain, the boosting value is different from that for Ranks 3-4. 
· Performance for higher-order MIMO
We evaluate the block error rate (BLER) performance of the three DM-RS mapping patterns for Rank 8 transmission. The simulation conditions are shown in Table 1. Figures 3(a)-3(f) show the BLER performance as a function of the average received signal-to-noise power ratio (SNR) per receiver branch with the maximum Doppler frequency of fD= 5.55 Hz (this corresponds to 3 km/h at the carrier frequency of 2 GHz) in the Vehicular-A (Veh-A) and Typical Urban (TU) channel models, respectively. Two-dimensional minimum mean square error (MMSE) channel estimation is performed within one RB. Figures 3(a) and 3(b) show that, in a low SNR region using QPSK modulation, Alt. 1 and Alt. 2(b) provide slightly better BLER performance compared to that for Alt. 2(a). This is because Alt. 1 and Alt. 2(b) achieve uniform transmission power for all the REs used for the DM-RS. Meanwhile, in a high SNR region using 64QAM modulation, the performance of Alt. 2(b) is slightly degraded in a frequency selective channel such as in the TU channel model as shown in Fig. 3(e).
Table 1 – Simulation Conditions
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        (a) QPSK, TU                                 (b) QPSK, Veh-A
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        (c) 16QAM, TU                                 (d) 16QAM, Veh-A

[image: image8.emf]10

-2

10

-1

10

0

22 23 24 25 26 27 28 29 30

Average BLER

Average received SNR per branch (dB)

Alt 1

Alt 2(a)

Alt 2(b)

Alt 1

Alt 2(a)

Alt 2(b)

System bandwidth: 10 MHz

8-by-8 MIMO (MMSE receiver)

Channel coding rate: 

R

= 1/2

TU channel (

f

D

= 5.55 Hz)

64QAM

[image: image9.emf]10

-2

10

-1

10

0

22 23 24 25 26 27 28 29 30

Average BLER

Average received SNR per branch (dB)

System bandwidth: 10 MHz

8-by-8 MIMO (MMSE receiver)

Channel coding rate: 

R

= 1/2

Veh-A channel

(

f

D

= 5.55 Hz)

64QAM

Alt 1

Alt 2(a)

Alt 2(b)

Alt 1

Alt 2(a)

Alt 2(b)


        (e) 64QAM, TU                                 (f) 64QAM, Veh-A

Figure 3 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 5.55 Hz)
Figures 4(a)-4(d) show the BLER performance with the maximum Doppler frequency of fD= 55.5 Hz (this corresponds to 30 km/h at the carrier frequency of 2 GHz) in the Veh-A and TU channel models, respectively. Similar to a low mobility (fD= 5.55 Hz) case, in a low SNR region using QPSK modulation, Alt. 1 and Alt. 2(b) provide slightly better BLER performance compared to that for Alt. 2(a). Meanwhile, in a high SNR region using 16QAM modulation, the performance of Alt. 2(b) is slightly degraded in the TU channel model.
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        (a) QPSK, TU                                 (b) QPSK, Veh-A
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Figure 4 – Comparison of DM-RS mapping patterns for Rank 8 transmission (fD = 55.5 Hz)
In summary, our preference is Alt. 1, i.e., use of length-4 CDM for Ranks 5-8 because

· Alt. 1 achieves the same mapping pattern and power boosting method as those for Ranks 3-4
· Alt. 1 provides slightly better BLER performance compared to Alts. 2(a) and 2(b)
3. Design for Length-4 OCC
At the RAN1#58bis meeting, application of time/frequency variation of the Walsh mapping to DM-RS for up to Rank 2 [6] was agreed as the working assumption. To support the DM-RS for up to 8 layer transmission based on Alt. 1 in Section 2, a set of length-4 OCCs is required. The following indicate the current consideration regarding the length-4 OCC design.
· Sequence: Walsh ( {1, 1, 1, 1}, {1 -1, 1, -1}, {1, 1, -1, -1}, {1, -1, -1, 1}

or DFT ( {1, 1, 1, 1}, {1 -1, 1, -1}, {1, j, -1, -j}, {1, -j, -1, j}
· Mapping scheme for OCC: We must investigate the mapping scheme for the length-4 OCC while considering extending the scheme for the length-2 OCC. We need to consider following two design criteria.
· Performance: In order to achieve better performance in a time/frequency selective channel, good orthogonality should be achieved both in the time and frequency domains.
· Peak power randomization: As discussed during the previous meeting, peak power randomization should be achieved by time/frequency variation of the OCC mapping scheme. 
4. Conclusion

In this contribution, we discussed the DM-RS design for LTE-Advanced focusing on the exact mapping pattern associated with the OCC length in order to support up to Rank 8 transmission considering the extension from the Rel. 9 DM-RS design. Our preferences are summarized below.
· DM-RS pattern for Rank 5-8 transmissions
· Use of length-4 OCC for Ranks 5-8 for the following reasons
· Smooth extension from the DM-RS for Rank 3-4 transmissions
· The same mapping pattern and power boosting method as those for Ranks 3-4
· Slightly better performance compared to the length-2 OCC
· Further investigation is needed for the exact length-4 OCC design
References

[1] 3GPP, R1-093908, Nokia, Nokia Siemens Networks, “Beyond two-layer UE-specific reference symbol design for LTE-Advanced”
[2] 3GPP, R1-094170, LG Electronics, “DM-RS design for higher order MIMO”
[3] 3GPP, R1-094239, NTT DOCOMO, “Downlink DM-RS design for LTE-Advanced”
[4] 3GPP, R1-094212, Qualcomm, “UE-RS patterns for Ranks 5 to 8 of LTE-A”
[5] 3GPP, R1-094088, Samsung, “Discussion on DM-RS for LTE-Advanced”
[6] 3GPP, R1-094234, NTT DOCOMO, “Remaining issues for Rel. 9 downlink DM-RS design”





















- 6/6 -

