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1. Introduction
In RAN1#60bis, it was agreed as baseline to have no explicit control signalling of power boosting of DMRS for rank > 2 SU-MIMO case. In this contribution, we propose further details on DM RS open issues of layer-to-port mapping, DM RS port allocation, DM RS power allocation, and control signaling of assigned number of layers and antenna ports.
2. DM-RS Antenna Port and OCC Mapping

A Rel-10 UE can support up to 8 layers in the DL. The DM-RS (relative) antenna port mapping to the CDM groups and the length-4 OCC codes is proposed as follows and shown in Table 1. As in Rel-9, time/frequency-domain variation of the OCC mapping can be applied. 
CDM Group 1:  0, 1    4, 6
CDM Group 2:  2, 3    5, 7

Table 1 – Antenna Port, DM-RS and OCC code Mapping.

	Antenna Port 
	DM-RS CDM Group
	OCC Code

	0
	1
	s0 = [ +1   +1   +1   +1]

	1
	1
	s1 = [ +1    -1   +1    -1]

	2
	2
	s0 = [ +1   +1   +1   +1]

	3
	2
	s1 = [ +1    -1   +1    -1]

	4
	1
	s2 = [+1    -j    -1    +j ]

	5
	2
	s2 = [+1    -j    -1    +j ]

	6
	1
	s3 = [+1   +j    -1     -j ]

	7
	2
	s3 = [+1   +j    -1     -j ]


The length-4 OCC codes s0 and s1 are Rel-9 compatible OCC codes, i.e., existing Rel-9 length-2 OCC codes can be seen as two distinct length-4 OCC codes over the subframe. The other two length-4 OCC codes s2 and s3 are based on DFT spreading codes to support a total of 4 orthogonal Rel-10 DM-RS ports while providing 3dB interference suppression for Rel-9 UEs when paired with Rel-10 UEs in MU-MIMO. It should be noted the existing Rel-9 scrambling codes with QPSK sequences provide the same average suppression for release-9 UEs [2].

Proposal 1: 

· (Relative) Antenna Port, DM-RS CDM Group, and OCC mapping according to Table 1. 
3. Codeword-to-Layer mapping
The Rel-8/9 codeword-to-layer mapping can be extended to support the mapping of codeword 0 and 1 on up to 8 layers (layers 0 to 7) as shown in Table 2.
Table 2 – Codeword-to-layer Mapping.

	Number of Layers
	Number of Codewords
	Codeword to Layer Mapping

	1
	1
	Codeword 0: Layer 0

	2
	2
	Codeword 0: Layer 0

Codeword 1: Layer 1

	2
	1
	Codeword 0: Layer 0,1

	3
	2
	Codeword 0: Layer 0

Codeword 1: Layer 1,2

	3
	1
	Codeword 0: Layer 0,1,2

	4
	2
	Codeword 0: Layer 0,1

Codeword 1: Layer 2,3

	4
	1
	Codeword 0: Layer 0,1,2,3

	5
	2
	Codeword 0: Layer 0,1

Codeword 1: Layer 2,3,4

	6
	2
	Codeword 0: Layer 0,1,2

Codeword 1: Layer 3,4,5

	7
	2
	Codeword 0: Layer 0,1,2

Codeword 1: Layer 3,4,5,6

	8
	2
	Codeword 0: Layer 0,1,2,3

Codeword 1: Layer 4,5,6,7


Single codeword mapping on two, three, or four layers is only supported for re-transmissions of a transport block that has been previously been transmitted using two, three, or four layers respectively. 
Proposal 2: 

· Codeword-to-Layer Mapping according to Table 2.
4. Layer-to-Antenna Port Mapping 

4.1. Rank-1 (Single-layer) Transmission

In case of single-layer (rank-1) SU transmission, the layer can be mapped to antenna port 0 using DM-RS in CDM group 1 as shown in Table 1. As in Rel-9, with MU-MIMO it should be possible to map the single-layer transmission to either of the antenna ports 0, 1, 4, 6 on CDM group 1 [2]. Thus, rank-1 transmission (initial and retransmission) on either of the antenna ports 0, 1, 4, 6 on CDM group 1 should be supported. A per-layer DM-RS to PDSCH power ratio of 0 dB can be assumed for SU/MU single-layer transmissions.
Proposal 3: 

· Rank-1 (Single-layer) transmission (single-codeword initial and retransmission) layer mapping to one of antenna ports 0, 1, 4, or 6 using DM-RS in CDM Group 1.
· UE assumes a DM-RS to PDSCH power ratio of 0 dB.
4.2. Rank-2 (Dual-layer) Transmission

The two layers (layers 0, 1) in case of dual-layer (rank-2) SU transmission can be mapped to antenna ports 0 and 1 using DM-RS in CDM group 1. For MU-MIMO, it was agreed in RAN1#59bis to support 2 layers per UE with 2 orthogonal DM RS ports with MU-MIMO. Thus, rank-2 dual-codeword transmissions with layers mapped to either antenna port pairs {0, 1} or {4, 6} using two orthogonal DM-RS in CDM Group 1 should be supported. A per-layer DM-RS to PDSCH power ratio of 0 dB can be assumed for SU/MU dual-layer transmissions.
Rank-2 single codeword retransmissions layers are mapped to antenna ports 0 and 1 using DM-RS in CDM group 1.

Proposal 4: 

· Rank-2 dual-codeword layer mapping to one of antenna ports pairs {0, 1} and {4, 6} using DM-RS in CDM Group 1.
· Rank-2 single-codeword (retransmission) layer mapping to antenna ports pairs {0, 1} using DM-RS in CDM Group 1.
· UE assumes a per-layer DM-RS to PDSCH power ratio of 0 dB.
4.3.  Rank-3/4 Transmission

With rank-3/4 dual codeword transmissions, the 3/4 layers can be mapped in natural order to antenna ports 0, 1, 2 / 0, 1, 2, 3 using DM-RS in both CDM groups 1 and 2 (CDM+FDM DM-RS pattern has been the baseline assumption in RAN1#58bis) resulting in an inter-codeword mapping in the rank-3 case with codeword 1 mapped to both CDM groups. Such CDM+FDM mapping for rank-3/4 transmissions results in a RS overhead of 24 REs per RB. In this case, the per-layer DM-RS to PDSCH power ratio of 3 dB can be assumed.

Since rank-3/4 transmissions are likely to occur is low mobility conditions, the alternate lower overhead mapping of the dual codeword 3/4 layers on antenna ports 0, 1, 4 / 0, 1, 4, 6 using only DM-RS on CDM group 1 only (12 RE per RB overhead) should be considered and supported. The layers (0-2/3) are mapped sequentially to the antenna ports. Due to use RS multiplexing on only one CDM group, a per-layer DM-RS to PDSCH power ratio of 0 dB can be assumed. 
Rank-3/4 single codeword retransmissions corresponding to initial transmission of rank 5, 6, or 7 (or 7, 8) have layers mapping on antenna ports 0, 1, 2 / 0, 1, 2, 3 using both CDM groups as the initial transmission.
Proposal 5: 

· Rank-3/4 transmission (dual-codeword and single-codeword) layer mapping to antenna ports {0, 1, 2} / {0, 1, 2, 3} using CDM+FDM DM-RS in CDM Groups 1 and 2. UE assumes a per-layer DM-RS to PDSCH power ratio of 3 dB.
· Rank-3/4 dual-codeword transmission layer mapping to antenna ports {0, 1, 4} / {0, 1, 4, 6} CDM-only DM-RS in on CDM Group 1. UE assumes a per-layer DM-RS to PDSCH power ratio of 0 dB.
4.4. Rank>4 Transmissions

For rank R>4 dual codeword transmissions, the R layers (layers 0, 1, ..R-1) are mapped in natural order and sequentially to antenna ports 0, 1, 2, …R-1 using DM-RS on both CDM groups 1 and 2. With RS multiplexing on both CDM groups, a per-layer DM-RS to PDSCH power ratio of 3 dB can be assumed for rank>4 transmissions.
Proposal 6: 

· Rank-R>4 dual-codeword transmissions layer mapping in natural order and sequentially to antenna ports 0, 1, 2, …R-1 using DM-RS in both CDM Groups 1 and 2.
· UE assumes a per-layer DM-RS to PDSCH power ratio of 3 dB.
5. Control Signaling of # of Layers and Antenna Ports

A Rel-10 UE supporting up to 8 layers requires indication of the assigned number of layers and the antenna ports in the PDCCH DCI format. As in Rel-8/9, the transport block to codeword mapping in case of one enabled transport block is shown in Table 3. In case of both the transport blocks are enabled, transport block 1 maps to codeword 0 and transport block 2 maps to codeword 1. 

Table 3 – Transport block to codeword mapping
(one transport block enabled).

	transport block 1
	transport block 2
	codeword 0
(enabled)
	codeword 1
(disabled)

	enabled
	disabled
	transport block 1
	-

	disabled
	enabled
	transport block 2
	-


5.1. 8-layer Capable Rel-10 UE (8 Receive Antennas)

To signal the assigned number of layers assigned and the antenna ports to a Rel-10 supporting up to 8 layers, a 4-bit layer and antenna Port mapping field is proposed as shown in Table 4.  
Table 4 – Layer and Antenna Port Indicator field – 4 bits for a 8-layer capable UE.

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message;  

per-layer DM-RS to PDSCH power ratio
	Bit field mapped to index
	Message;
per-layer DM-RS to PDSCH power ratio

	0
	1 layer: Antenna Port 0; 0dB
	0
	2 layers: Antenna Port 0,1; 0dB

	1
	1 layer: Antenna Port 1; 0dB
	1
	2 layers: Antenna Port 4,6; 0dB

	2
	1 layer: Antenna Port 4; 0dB
	2
	3 layers: Antenna Port 0,1,2; 3dB

	3
	1 layer: Antenna Port 6; 0dB
	3
	3 layers: Antenna Port 0,1,4; 0dB

	4
	2 layers: Antenna Port 0,1; 0dB
	4
	4 layers: Antenna Port 0,1,2,3; 3dB

	5
	3 layers: Antenna Port 0,1,2; 3dB
	5
	4 layers: Antenna Port 0,1,4,6; 0dB

	6
	4 layers: Antenna Port 0,1,2,3; 3dB
	6
	5 layers: Antenna Port 0,1,2,3,4; 3dB

	7-15
	Reserved
	7
	6 layers: Antenna Port 0,1,2,3,4,5; 3dB

	
	
	8
	7 layers: Antenna Port 0,1,2,3,4,5,6; 3dB

	
	
	9
	8 layers: Antenna Port 0,1,2,3,4,5,6,7; 3dB

	
	
	10-15
	Reserved


For a single enabled codeword, indices 4 to 6 inclusive in Table 4 are only supported for retransmission of the corresponding transport block if that transport block has previously been transmitted using two, three, or four layers respectively with precoding for spatial multiplexing using antenna ports with UE-specific reference signals.

5.2. Maximum 4-layer Capable Rel-10 UE (4 Receive Antennas)

The layer and antenna Port Indicator field size can be reduced to 3 bits for a maximum 4-layer (4 receive antennas) capable UE as shown in Table 5. 
Table 5 – Layer and Antenna Port Indicator field – 3 bits for a max 4-layer capable UE.

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message;
per-layer DM-RS to PDSCH power ratio
	Bit field mapped to index
	Message;
per-layer DM-RS to PDSCH power ratio

	0
	1 layer: Antenna Port 0; 0dB
	0
	2 layers: Antenna Port 0,1; 0dB

	1
	1 layer: Antenna Port 1; 0dB
	1
	2 layers: Antenna Port 4,6; 0dB

	2
	1 layer: Antenna Port 4; 0dB
	2
	3 layers: Antenna Port 0,1,2; 3dB

	3
	1 layer: Antenna Port 6; 0dB
	3
	3 layers: Antenna Port 0,1,4; 0dB

	4
	2 layers: Antenna Port 0,1; 0dB
	4
	4 layers: Antenna Port 0,1,2,3; 3dB

	5
	Reserved
	5
	4 layers: Antenna Port 0,1,4,6; 0dB

	6
	Reserved
	6
	Reserved

	7
	Reserved
	7
	Reserved


5.3. Maximum 2-layer Rel-10 UE (2 Receiver Antennas)

The layer and antenna Port Indicator field size can be reduced to 2 bits for a maximum 2-layer (2 receive antennas) capable UE as shown in Table 6. 

Table 6 – Layer and Antenna Port Indicator field – 2 bits for a max 2-layer capable UE.

	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	Bit field mapped to index
	Message;
per-layer DM-RS to PDSCH power ratio = 0 dB
	Bit field mapped to index
	Message;
per-layer DM-RS to PDSCH power ratio = 0 dB

	0
	1 layer: Antenna Port 0
	0
	2 layers: Antenna Port 0,1

	1
	1 layer: Antenna Port 1
	1
	2 layers: Antenna Port 4,6

	2
	1 layer: Antenna Port 4
	2
	Reserved

	3
	1 layer: Antenna Port 6
	3
	Reserved


An an alternate to the definition of a new layer and antenna Port Indicator field, the control signaling for a Rel-10 supporting up to 2 layers (UE with 2 receive antennas) can re-use DCI Format 2B defined in Rel-9. In the case of 1 layer transmission (single-codeword, one of the transport blocks is disabled), the NDI of the disabled transport block can be used to indicate the antenna port information as shown in Table 7.

Table 7 - Antenna port for single-antenna port transmission (one transport block disabled).

	Transport Block Disabled
	New data indicator of the disabled transport block
	Antenna port 

	2
	0
	0

	2
	1
	1

	1
	0
	4

	1
	1
	6


With both transport blocks enabled (2 layer dual-codeword transmissions), default antenna port {0, 1} can be used. Alternatively, the Scrambling identity bit can be re-mapped for selection between antenna port {0, 1} and {4, 5} with default scrambling identity=0 for dual-codeword transmission.

Proposal 7: 

· Layer and Antenna Port Indication according to Table 4-6 .
· Re-use of DCI Format 2B for maximum 2-layer capable UE according to Table 7.
6. Conclusions

We propose the following for DM-RS Antenna Port Mapping and associated SU/MU-MIMO (transparent and dynamic switching) Control Signaling:

Proposal 1: 

· (Relative) Antenna Port, DM-RS CDM Group, and OCC mapping according to Table 1. 
Proposal 2: 

· Codeword-to-Layer Mapping according to Table 2.
Proposal 3: 

· Rank-1 (Single-layer) transmission (single-codeword initial and retransmission) layer mapping to one of antenna ports 0, 1, 4, or 6 using DM-RS in CDM Group 1.
· UE assumes a DM-RS to PDSCH power ratio of 0 dB.
Proposal 4: 

· Rank-2 dual-codeword layer mapping to one of antenna ports pairs {0, 1} and {4, 6} using DM-RS in CDM Group 1.
· Rank-2 single-codeword (retransmission) layer mapping to antenna ports pairs {0, 1} using DM-RS in CDM Group 1.
· UE assumes a per-layer DM-RS to PDSCH power ratio of 0 dB.
Proposal 5: 

· Rank-3/4 transmission (dual-codeword and single-codeword) layer mapping to antenna ports {0, 1, 2} / {0, 1, 2, 3} using CDM+FDM DM-RS in CDM Groups 1 and 2. UE assumes a per-layer DM-RS to PDSCH power ratio of 3 dB.
· Rank-3/4 dual-codeword transmission layer mapping to antenna ports {0, 1, 4} / {0, 1, 4, 6} CDM-only DM-RS in on CDM Group 1. UE assumes a per-layer DM-RS to PDSCH power ratio of 0 dB.
Proposal 6: 

· Rank-R>4 dual-codeword transmissions layer mapping in natural order and sequentially to antenna ports 0, 1, 2, …R-1 using DM-RS in both CDM Groups 1 and 2.
· UE assumes a per-layer DM-RS to PDSCH power ratio of 3 dB.
Proposal 7: 

· Layer and Antenna Port Indication according to Table 4-6 .
· Re-use of DCI Format 2B for maximum 2-layer capable UE according to Table 7.
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