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Discussion
1 Introduction
The working assumption in previous meeting for DMRS port multiplexing in frequency domain is listed below,

Working assumption:

· UEs in a cell are higher layer configured with 2 DMRS configurations for the front-load DMRS for UL/DL CP-OFDM

· Front-load DMRS Configuration 1: Supports up to 8 ports

· IFDM based pattern with Comb [2] and/or [4] w cyclic shifts (CS)

· One OFDM symbol: 

· To be down selected to 1 Alt:

· Alt 1: Comb 2 + 2 CS, up to 4 ports

· Alt 2: Comb 4 + 2 CS, up to 8 ports

· Two OFDM symbols: 

· To be down selected to 2 Alts:

· Alt. 1: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), up to 8 ports

· Alt. 2: Comb 2 + 4 CS + TD-OCC ({1 1}), up to 8 ports

· Alt. 3: Comb 4 + 2 CS + TD-OCC ({1 1}), up to 8 ports

· Front-load DMRS Configuration 2: Supports up to 12 ports

· FD-OCC pattern with adjacent REs in the frequency domain

· One OFDM symbol:

· To be down selected to 1 Alt:

· Alt. 1: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

· Alt. 2: 2-FD-OCC across adjacent REs in the frequency domain up to 4 ports

· Alt. 3: 2-FD-OCC across adjacent REs in the frequency domain up to 2 ports

· Two OFDM symbols: 

· 2-FD-OCC across adjacent REs in the frequency domain + TDM up to 12 ports

· 2-FD-OCC across adjacent REs in the frequency domain + TD-OCC (both {1,1} and {1,-1}) up to 12 ports

· FFS: DMRS pattern before configuration, e.g., SIB1

In this contribution, we provide the analysis for the down-selection.
2 Analysis on the configuration 1
The configuration 1 is the comb structure. The DMRS ports are multiplexed by the cyclic shifts. The cyclic shift operation is equivalent to moving other ports to the larger delay location.
The comb structure also facilitates the pre-FFT channel estimation when the PRB bundling size is large enough. However, the interpolation in post-FFT is still needed. The proponents also consider the performing of the channel estimation in post-FFT without dispreading as the feature. We have concern on the receiver performance and the corresponding implementation cost when the dispreading is not performed. Obviously, the CE filter length is doubled without dispreading.
Fig. 1 shows the performance comparison between dispreading and non-dispreading on the comb structure, and the comb-2 + 2cs is evaluated. The scheduled PRB number is 4, and the PRB bundling size is set as 2 and 4 in order to check the performance impact on the CE filter length.
There are 6 curves in Fig. 1. The fd-occ with 3 groups is also simulated as the benchmark, which is the red curve. The corresponding filter length is 3x2=6 for bundling size=2. The blue curve is the performance without dispreading. The influence from another port is suppressed by the CE filter, and the filter length is 6x2=12 by bundling size=2 for the blue curve. The performance gap between the red curve and the blue curve is quite large.

The purple curve shows the result when the bundling size is 4. The corresponding filter length becomes 6x4=24. It is seen that as the filter length is larger, the suppression on another port is better during the channel estimation when the dispreading is not performed. This is the reason that the improvement is so significant from the blue curve to the purple one. However, the red curve of simply using 6-tap filter still outperform the purple one of using 24-tap filter.
We further conduct IFFT on the DMRS back to time domain for nulling out another port, and then back to frequency domain by FFT for the interpolation. It is seen that the dark green curve outperforms the red curve around the range of 10 to 14 dB. Fig. 2 and 3 show how the nulling-out is performed. Note that, the nulling-out in pre-FFT is equivalent to performing the circular convolution in post-FFT.
The cost on deriving the dark green curve is the IFFT/FFT operation and the interpolation by 24 taps. The gain over the red curve is only on the SNR region of 10 to 14 dB. As such for the comb structure, performing the dispreading before the channel estimation is strongly preferred.  
The comb-2 structure can facilitate the dispreading operation before channel estimation. The comb-4 without cyclic shift is actually of the FDM form. The additional signalling on indicating the RS location for MU layer is needed when the MU-MIMO is operated. Note that it is not needed in LTE.
For the comb-4 with cyclic shift, the dispreading operation could be the issue because the RS spacing is larger. For the non-dispreading operation, the larger bundling size is needed in order to provide the same IFFT/FFT size as comb-2. We don’t see any particular benefit on using comb-4.
Based on the above, we have,

Observation 1: For the comb structure, the cost of performing channel estimation without dispreading is really high. Then performing the dispreading before the channel estimation is strongly preferred
Observation 2: The comb-2 structure can facilitate the dispreading operation before channel estimation            

Observation 3: The comb-4 without cyclic shift is actually of the FDM form. The additional signalling on indicating the RS location for MU layer is needed when MU-MIMO is operated

Observation 4: For the comb-4 with cyclic shift, the dispreading operation could be the issue because the RS spacing is larger. For the non-dispreading operation, the larger bundling size is needed in order to provide the same IFFT/FFT size as comb-2. We don’t see any particular benefit on using comb-4
Proposal 1: For front-loaded DMRS configuration 1, we consider
· One OFDM symbol: Comb 2 + 2 CS, up to 4 ports
· Two OFDM symbols: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), and Comb 2 + 4 CS + TD-OCC ({1 1})
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 Fig. 1, performance comparison between dispreading and non-dispreading on the comb structure
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 Fig. 2, channel profile by bundling=4           Fig. 3, perform nulling-out on another port
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    Fig. 4, comb-2 and comb-4
3 Analysis on the configuration 2
There are three options on one OFDM symbol. We can see that the 12 ports are supported on two OFDM symbols, so it is pretty natural to have 6 ports being supported on one OFDM symbol.

Then we propose that,
Proposal 2: For front-loaded DMRS configuration 2, we consider

· One OFDM symbol: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports

4 Conclusion
Based on the above, we have
Observation 1: For the comb structure, the cost of performing channel estimation without dispreading is really high. Then performing the dispreading before the channel estimation is strongly preferred

Observation 2: The comb-2 structure can facilitate the dispreading operation before channel estimation            

Observation 3: The comb-4 without cyclic shift is actually of the FDM form. The additional signalling on indicating the RS location for MU layer is needed when MU-MIMO is operated

Observation 4: For the comb-4 with cyclic shift, the dispreading operation could be the issue because the RS spacing is larger. For the non-dispreading operation, the larger bundling size is needed in order to provide the same IFFT/FFT size as comb-2. We don’t see any particular benefit on using comb-4

Proposal 1: For front-loaded DMRS configuration 1, we consider

· One OFDM symbol: Comb 2 + 2 CS, up to 4 ports
· Two OFDM symbols: Comb 2 + 2 CS + TD-OCC ({1 1} and {1 -1}), and Comb 2 + 4 CS + TD-OCC ({1 1})
Proposal 2: For front-loaded DMRS configuration 2, we consider

· One OFDM symbol: 2-FD-OCC across adjacent REs in the frequency domain up to 6 ports[image: image6.emf]
