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1. Introduction

      In RAN1 #59bis meeting, the DM-RS pattern for the supporting of up to rank 8 transmission in normal CP case was agreed as follows. 
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      As shown in the figure, two CDM groups are used as a maximum to multiplex up to 8 layers and the CDM groups are multiplexed in TDM/FDM manner. As hybrid DM-RS structure is employed in LTE-A, it should be further discussed that how to allocate DM-RS ports to layers according to the rank.
In this contribution, therefore, we discuss on the remaining details of the DM-RS port mapping based on the agreed DM-RS pattern and evaluate the performance of candidates of DM-RS ports to layer mapping.
2. DM-RS port allocation with two CDM groups
Since it is agreed to multiplex up to 4 layers within a CDM group with OCC=4, up to 8 layer multiplexing would be possible if two CDM groups are used. The DM-RS port allocation for the rank 1-4 is already defined as 1st CDM group: {port-7, port-8} and 2nd CDM group: {port-9, port-10}. However, it is still open how to allocate DM-RS port with two CDM groups in the case of the rank 5-8.
Two alternatives have been discussed regarding the DM-RS port allocation with two CDM groups as follows:
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(a) Alternative-1
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(b) Alternative-2
Figure 1. Alternatives of DM-RS port allocation onto two CDM groups
      From the viewpoint of power balancing between two CDM groups, alternative 1 seems to be appropriate with the assumptions that that one-to-one mapping between DM-RS port and layer is employed since the number of layers in each CDM group will be the same in even numbered rank transmission. On the other hand, the alternative 2 may result in power difference between CDM groups even for even numbered rank. Therefore, alternative 1 seems natural to be adopted as DM-RS port allocation for rank 5-8.
3. Layer to DM-RS port mapping
      In LTE-Advanced, 8 orthogonal DM-RS ports are defined to support up to 8 layer spatial multiplexing for the supporting of SU-MIMO. In addition, it is also agreed that two codewords as a maximum can be used for multiplexing up to 8 layers. However, the DM-RS port to layer mapping is still remained as open issue. 
      In the previous section, it is discussed that the alternative-1 DM-RS port allocation is beneficial, thus we discuss on DM-RS port to layer mapping based on the allocation rule shown in the figure 1-(a). So far, it has been proposed that the DM-RS ports need to be separated from layers so that it is allowed to use different DM-RS port for transmitting a specific layer according to the rank in single user MIMO transmission. For instance, antenna port 9 can be used to transmit third layer for rank-4 transmission and it can be also used to transmit second layer for the rank-3 transmission, this mapping rule is called as “intra-CW mapping” since a CDM group is tied with a CW so that a DM-RS port belongs to the first CDM group is only allowed to transmit a layer belongs to the first codeword. On the other hand, it is also proposed that the DM-RS ports are one-to-one mapped onto layers so that a DM-RS port is always used to transmit a layer irrespective of the rank in SU-MIMO transmission, this mapping rule is called as “inter-CW mapping”.
· Inter-CW mapping:

       For this mapping rule, a DM-RS port is simply defined as a layer in SU-MIMO. It can be therefore simply defined that which DM-RS ports are used for the rank-R transmission. Since the codeword to layer mapping table is already defined, the DM-RS resource allocation can simply follow the codeword to layer mapping rule. Therefore, for the SU-MIMO transmission, the layer N can be defined as the DM-RS port N+7 in Rel-10 transmission modes.
· Intra-CW mapping:

      In this mapping rule, DM-RS ports are independently mapped onto layers according to the rank. In this case, a CDM group is tied with a codeword so that a codeword always contains DM-RS ports from a CDM-group. The DM-RS ports mapping with codeword to layer mapping can be defined as shown in the table 1.
Table 1. Intra-CW mapping (layer to DM-RS port mapping)
	Rank
	Codeword
	Layer
	DM-RS port (Port)

	1
	CW-0
	layer-0
	Port -7

	2
	CW-0
	layer-0
	Port -7

	
	CW-1
	layer-1
	Port -8

	3
	CW-0
	layer-0
	Port -7

	
	CW-1
	layer-1, layer-2
	Port -9, Port -10

	4
	CW-0
	layer-0, layer-1
	Port -7, Port -8

	
	CW-1
	layer-2, layer-3
	Port -9, Port -10

	5
	CW-0
	layer-0, layer-1
	Port -7, Port -8

	
	CW-1
	layer-2, layer-3, layer-4
	Port -9, Port -10, Port -12

	6
	CW-0
	layer-0, layer-1, layer-2
	Port -7, Port -8, Port -11

	
	CW-1
	layer-3, layer-4, layer-5
	Port -9, Port -10, Port -12

	7
	CW-0
	layer-0, layer-1, layer-2
	Port -7, Port -8, Port -11

	
	CW-1
	layer-3, layer-4, layer-5, layer-6
	Port -9, Port -10, Port -12, Port -14

	8
	CW-0
	layer-0, layer-1, layer-2, layer-3
	Port -7, Port -8, Port -11, Port -13

	
	CW-1
	layer-4, layer-5, layer-6, layer-7
	Port -9, Port -10, Port -12, Port -14


· Intra-CW mapping vs. Inter-CW mapping:

As discussed above, the main difference between two mapping rules could be whether a CDM group is tied with a CW or not. The benefits of intra-CW mapping are mentioned in [1] that DM-RS overhead can be reduced when single CW retransmission is used and receiver performance can be enhanced assuming MMSE-SIC receiver is employed.

       The DM-RS overhead reduction gain of intra-CW mapping in the single codeword retransmission seems to be compromised with channel estimation performance since 12 REs are shared with more than two layers. The tradeoff between DM-RS overhead and channel estimation performance was studied and it was agreed to employ two CDM groups for rank-3 and rank-4 transmission since one CDM group (i.e., 12REs) is not enough to support coherent demodulation at a UE receiver in rank-3 and rank-4 case. Therefore, the use of a single CDM group for rank-3/4 transmission should be considered as a drawback of intra-CW mapping since its channel estimation performance may result in worse demodulation performance.
      In addition, the performance gain with MMSE-SIC receiver is only attainable if a specific CDM group has higher channel estimation accuracy. However, it has been assumed that all layers will have the same channel estimation accuracy irrespective of the rank as it is used as design guidelines for MIMO transmission and feedback schemes and it will be kept in LTE-Advanced. Keeping this in mind, the gain from intra-CW mapping will be negligible while requiring unnecessary DM-RS to layer mapping definition in the specification.
4. Performance evaluation
        In this section, we evaluate the performance of inter-CW mapping and intra-CW mapping discussed in the section 3. Since the major difference of both mapping rules is the DM-RS port allocation in the rank-3, we compared the performance assuming rank-3 transmission. In this evaluation, it is assumed that the 3dB fixed DM-RS power boosting regardless of the layers to allow full power utilization. Some further details of evaluation assumptions are listed in the table 2.

Table 2. Details of link-level simulation assumptions

	Carrier frequency
	2 GHz

	Bandwidth
	5 MHz

	RB Assignment
	4 RBs

	Channel Model
	TU 

	Antenna Configuration
	4x4

	Mobility
	3, 30, 120, and 300 km/h

	Precoding
	Fixed precoding

	MCS for link adaptation
	Rel-8 MCS

	Channel Estimation
	Real Ch. Estimation (2D-MMSE)

	PRB bundling
	None

	MIMO reciever
	MMSE

	Power Boosting of DM-RS
	Fixed 3dB power offset for all layers 

	CDM multiplexing for DM-RS
	OCC=2 for rank-3

	Outer-loop power control
	On for link adaptation

	H-ARQ
	Off


       In the figure 2, the MSE performance of inter-CW mapping is shown according to the layer under various Doppler frequencies. As seen in the figure, it is hard to see the difference of channel estimation accuracy across the layers up to 120 km/h since the time-domain code multiplexing with OCC=2 keeps good orthogonality even under high Doppler frequency. The channel estimation accuracy of the first CDM group is degraded in high SNR region when Doppler frequency is extremely high due to the inter-code interference.
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(a) Inter-CW (TU-3km/h)                                         (b) Inter-CW (TU-30km/h)
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                              (c)  Inter-CW (TU-120km/h)                                       (d) Inter-CW (TU-300km/h)

Figure 2. MSE of each layer in rank-3 transmission with inter-CW mapping

       In the figure 3, the same tendency is shown as that in inter-CW mapping except for the extremely high Doppler frequency case. As seen in the figure 3-(d), the layer-0 performs best in term of channel estimation accuracy since two layers are multiplexed in the 2nd CDM group so that layer-0 is transmitted alone in the 1st CDM group without inter-code interference as same as the layer 2 in the inter-CW mapping.
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(a) Intra-CW (TU-3km/h)                                         (b) Intra-CW (TU-30km/h)
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(c)  Intra-CW (TU-120km/h)                                       (d) Intra-CW (TU-300km/h)

Figure 3. MSE of each layer in rank-3 transmission with intra-CW mapping

        As seen in the figures 2 and 3, there seems no channel estimation accuracy difference across the layers for both inter-CW and intra-CW mapping under low to medium mobile speed. In addition, the difference seems to be marginal even under 120km/h. Since the higher rank transmission will not be optimized for the high mobility scenarios, we may assume that the channel estimation accuracy is almost the same regardless of the layer to DM-RS port mapping scheme, thus no performance difference will be shown between inter-CW mapping and intra-CW mapping.
      The figure 4 shows the link throughput performance with fixed rank-3 transmission. As seen the figure 4, the performance of inter-CW mapping and intra-CW mapping seems to be the same.
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Figure 4. Link throughput performance according to the layer to DM-RS port mapping
3. Summary
        In this contribution, we discussed on the DM-RS port allocation for rank 5-8 and DM-RS port to layer mapping and evaluated the performance of inter-CW mapping and intra-CW mapping. From the discussions and evaluation results, we may conclude as follows:

· The DM-RS port allocation rule 1st CDM group: {port-7, port-8, port-11, port-13} and 2nd CDM group: {port-9, port-10, port-12, port-14} is preferred.

· It is hard to see the difference between inter-CW mapping and intra-CW mapping in terms of performance while the inter-CW mapping seems to be much more natural and simpler. Therefore, inter-CW mapping is preferred 
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