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1. Introduction

The DM-RS pattern for normal CP has been decided [1-2], as shown in Figure 1. Basically, two CDM groups are reserved for DM-RS to support up to 8 layers transmission. 
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Figure 1
Agreed DM-RS pattern supporting up to rank 8 (normal CP)
Layer-to-DM RS port mapping was discussed in last meeting [3-5] and also covered in the email discussion. In this contribution, some analysis and performance evaluations are included. We prefer intra-CW mapping as the layer mapping scheme. 
2. Discussion
Rel-10 MIMO provides different mechanism on data demodulation as compared to previous releases since transmission layers have to be distributed into two CDM groups. This is different from CRS based demodulation. Especially for odd rank, there exists unbalanced layer allocation in two CDM groups. Furthermore, we prefer no dynamic signalling to explicitly indicate DM-RS ports. A pre-defined layer mapping will anyhow follow one principle, either intra-CW mapping or inter-CW mapping, [3]. 
We also notice that layer mapping following one DM-RS port numbering is a simpler solution, i.e. CDM-1{7/8/11/13} and CDM-2{9/10/12/14}. Such an understanding is based on the benefit that specification description can be somehow kept simpler. Actually, our understanding is that DM-RS port numbering has no any meaning if we do not associate DM-RS port with allocated CDM and applied OCC. We think there is no necessity to bundle layer mapping with port numbering and specification description should be the secondary focus. 
· No strong relation between layer mapping and DM-RS port numbering

· DM-RS port numbering should be associated with allocated CDM and applied OCC

· Specification description should be the secondary focus

3. Layer-to-DM RS port mapping
3.1. Intra-CW mapping vs. inter-CW mapping
Basic description of two mapping schemes can be found in [3]. Here, let us take one example of rank-3 case to make further analysis, as shown in Figure 2. Power allocation of 3dB per layer is assumed on DM-RS. Inter-CW mapping simply follows the DM-RS port numbering, i.e. CDM-1{7/8/11/13} and CDM-2{9/10/12/14}.
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Figure 2
Two mapping schemes for Rank-3 case
Some further analyses are provided as follows:
· In general, based on agreed codeword-to-layer mapping [6], codeword-2 always has more layers than codeword-1 in case of odd rank and same layers in case of even rank. From information theory, a longer coding block can provide stronger protection than a shorter coding block. Based on this knowledge, intra-CW mapping can provide good layer distribution, i.e. fewer layers in CDM-1 and more layers in CDM-2. However, for inter-CW mapping, codeword-1 has to face more inter-layer interference and performance could be degraded, especially in case of a narrow bandwidth, e.g. 2PRB.
· In case of odd rank, inter-CW mapping will always allocate more layers in CDM-1 than CDM-2, which means more power in CDM-1 will result in larger inter-cell interference to neighboring cells since CDM-1 is always allocated for DM-RS for all rank in Rel-10. 

· In principle, intra-CW mapping can keep per UE two codewords more independent for channel estimation. This could benefit to use advanced successive interference cancellation (SIC) receiver.  
Based on above analysis, we think intra-CW mapping is always better than inter-CW mapping
3.2. Performance evaluations

Figure 3 shows performance evaluation for the comparison between two mapping schemes in case of Rank-3. More simulation assumptions can be found in the Appendix. We found that in 3km/h, two mapping schemes achieve similar performance and performance of codeword-2 is better than that of codeword-1. However in 30km/h, intra-CW mapping outperforms inter-CW mapping, especially for the case of 2PRB, where the gain of around 0.6dB can be obtained on codword-1 due to no inter-layer interference at all.  Similar analysis can be made for other cases, e.g. rank-5/7.
Proposal:

· Intra-CW mapping is preferred based on performance evaluation
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Figure 3
Performance evaluations for two mapping schemes in case of Rank-3

3.3. Specification description

Figure 5 shows detailed layer to DM-RS port mapping for all rank, where hybrid case of Rel-10 SU/MU is to follow what has been agreed in Rel-9. Such a layer mapping is applicable to both initial transmission and single-CW re-transmission. When it comes to single-CW re-transmission, we propose to use the same mapping as initial transmission, which is inline with RAN1 decision that two CDM groups will be used in case of more than two layer transmission. For a case with rank 1 or 2 retransmission with a single codeword, only one CDM group is used for DM-RS, whereas the other CDM group is used for data transmission. 

In addition, a simple specification description can also be developed based on another DM-RS port numbering, CDM-1{7/8/9/10} and CDM-2{11/12/13/14}. Given a rank R, R=3,4,…,8, the t-th layer is mapping into the T-th DM-RS port as
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Proposal:

· Layer-to-DM RS port mapping shown in Figure 5 is proposed as baseline
       [image: image7.png]Layer

Rel-10 SU/MU

DM-RS port

Ly

}CDM
2 (groupt
[z}

mapping|

Layer

DM-RS port

i

Layer

DM-RS port

}CDM
2 (groupt
iz}

mapping|

PEE BEF

mapping|





Figure 4
Proposed layer-to-DM RS port mapping
4. Conclusion
In this contribution, we discuss layer-to-DM RS port mapping based on analysis and performance evaluations. We propose

· Adopt intra-CW mapping for layer-to-DM-RS port mapping
· Layer-to-DM RS port mapping shown in Figure 5 is proposed as baseline
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Appendix: Simulation assumptions

	Number of Antennae
	8x4, uncorrelated antenna

	Carrier Frequency
	2.0 GHz

	System bandwidth
	5M

	Scheduled subcarriers
	Contiguous 2 or 6 PRBs

	Frame configuration
	FDD frame structure

(The first three OFDM symbols for control channel, 4 Rel-8 CRS, no Rel-10 CSI-RS)

	Channel Model
	Extended Typical Urban (ETU), 

	Speed
	3km/h, 30km/h

	Rank adaptation
	Fixed rank 3

	Precoding
	8TX codebook based precoding

	Link adaptation
	OFF

	Channel estimation
	2D-MMSE filter

	MIMO detection algorithm
	MMSE

	Layer to DM RS port mapping
	The mappings shown in Figure 2

	Channel Coding
	Turbo code

	HARQ
	OFF

	CDM orthogonal code
	Length-2 Walsh Codes
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