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1 Introduction

Downlink control signalling is one of the areas which we need to consider supporting different configurations of SU/MU-MIMO transmission with availability of DMRS.  DMRS port indication is one of the considerations on downlink control signalling.  
In RAN1 #59bis, we have the following conclusions on MU dimensioning [1]:
For the design of downlink signalling and DM RS, the following is assumed for MU-MIMO:

· Not more than 4 UEs are co-scheduled 

· Note that the actual maximum number of co-scheduled UEs does not need to be specified.

· Not more than 2 layers per UE with 2 orthogonal DM RS ports

· Not more than 4-layer transmission in total for MU-MIMO transmission 

Note: Two alternatives are to be studied:

·  4 orthogonal DM RS ports and 1 scrambling sequence are defined

·  2 orthogonal DM RS ports and 2 scrambling sequences are defined as in Rel-9

· FFS whether one or both alternatives will be specified (and if only one, which one?).

· Note that in any case Transmission Mode 8 will remain specified in Rel-10. 

In this contribution, we discuss the downlink signalling design based on this conclusion.  

2 Downlink Signalling for MU-MIMO

In order to support SU-MIMO up to 8 layers and different possible MU dimensions, a new DCI format should be defined for LTE-A with SU/MU dynamic switching.  We consider the following cases in downlink signalling for MU-MIMO:
1. Four orthogonal DM RS ports and one scrambling sequence 
2. Two orthogonal DM RS ports and two scrambling sequences
3. Both alternatives
Note that alterative 2 is supported in transmission 8 in any case but we can consider supporting this configuration or not in the new DCI format defined for LTE-A SU/MU transmission.  In following design, we consider signalling with doing joint coding of necessary information differently according to the number of enabled codewords:
 - Only one codeword enabled

 - Two codewords enabled.

This is similar format as the existing DCI formats 2 and 2A.  Note that we only show the examples of 8 antenna ports here.  We can consider different design and different overhead for different number of antenna ports or UE capability. 
2.1 Four orthogonal DM RS ports and one scrambling sequence
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	Transmit diversity
	0
	2 layers – ports 7,8
DMRS Pattern 1

	1
	1 layer – port 7 or 8 
DMRS Pattern 1
	1
	2 layers – ports 7,8
DMRS Pattern 2

	2
	1 layer – port 7 or 8
DMRS Pattern 2
	2
	2 layers – ports 9,10
DMRS Pattern 2

	3
	1 layer – port 9 or10
DMRS Pattern 2
	3
	3 layers, ports 7,8,9
DMRS Pattern 2

	4
	2 layers, ports 7,8

DMRS Pattern 2
	4
	4 layers, ports 7-10
DMRS Pattern 2

	5
	3 layers, ports 7,8,9

DMRS Pattern 2
	5
	5 layers, ports 7-11

DMRS Pattern 3

	6
	4 layers, ports 7-10,

DMRS Pattern 2
	6
	6 layers, ports 7-12

DMRS Pattern 3

	7
	reserved
	7
	7 layers, ports 7-13

DMRS Pattern 3

	8
	reserved
	8
	8 layers, ports 7-14

DMRS Pattern 3

	9
	reserved
	9
	reserved

	10-15
	reserved
	10-15
	reserved


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

	New data indicator of the disabled transport block
	Antenna port 

	0
	7 or 9 (Odd)

	1
	8 or 10 (Even)


So far we have three different DMRS patterns defined for rank1-2 transmission (12REs), rank3-4 transmission (24REs) and rank5-8 transmission (24REs) respectively.   In this case, we consider supporting MU-MIMO in the first two DMRS patterns (i.e. Pattern 1 and Pattern 2 in the table).   When the total number of layers is 3 or 4 for MU transmission, SU rank3-4 DMRS pattern and OCC design (allocation/length) can be used for MU-MIMO.   In order to differentiate DMRS patterns in MU-MIMO cases, DMRS pattern information is included in the signalling.
Like DCI format 2B, new data indicator (NDI) of the disabled transport block can be re-used to do port indication.  Antenna port 7 or 8 was in the selection for DCI format 2B.   Because we can also choose port 9 or 10 when 1 layer is transmitted to one of the UEs for MU-MIMO in DMRS pattern 2, we can also use this NDI bit to choose between port 9 and port 10.  
Note that in this design, 4 bits are required for this alternative.  This design assumes equal DMRS power per layer so that power offset of DMRS to data is fixed and does not need to be informed to UE.  There are some other designs[2][3] in which different DMRS mapping and power allocation is considered.  It can be shown that in most of the cases 4 bits is sufficient.
2.2 Two orthogonal DM RS ports and two scrambling sequences
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	Transmit diversity
	0
	2 layers, ports 7-8, SCID=0,

	1
	1 layer, port 7 or 8, SCID=0
	1
	2 layers, ports 7-8,

SCID=1

	2
	1 layer, port 7 or 8, SCID=1
	2
	3 layers, ports 7-9

	3
	2 layers, ports 7,8
	3
	4 layers, ports 7-10

	4
	3 layers, ports 7-9
	4
	5 layers, ports 7-11

	5
	4 layers, ports 7-10
	5
	6 layers, ports 7-12

	6
	reserved
	6
	7 layers, ports 7-13

	7
	reserved
	7
	8 layers, ports 7-14


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

	New data indicator of the disabled transport block
	Antenna port 

	0
	7

	1
	8


In this case, the configuration is similar with existing format 2B in which two orthogonal DM RS ports and two scrambling sequences are supported.  The only difference is that SU transmission with rank3 to rank 8 is considered.  
Like DCI format 2B, new data indicator (NDI) of the disabled transport block can be re-used to do port indication.  We can have a SCID bit like DCI format 2B but it can be also included in the joint coding with port/layer information.  One bit can be saved this way. 
Note that in this design, 4 bits are required for this alternative.
2.3 Both - ‘Two orthogonal DM RS ports and two scrambling sequences’ or ‘four orthogonal DM RS ports and one scrambling sequence’
	One codeword: 

Codeword 0 enabled, 

Codeword 1 disabled
	Two codewords: 

Codeword 0 enabled, 

Codeword 1 enabled

	
	Message
	
	Message

	0
	Transmit diversity
	0
	2 layers – ports 7,8
DMRS Pattern 1, SCID=0

	1
	1 layer – port 7 or 8 
DMRS Pattern 1, SCID=0
	1
	2 layers - ports 7,8

DMRS Pattern 1, SCID=1

	2
	1 layer – port 7 or 8
DMRS Pattern 1, SCID=1
	2
	2 layers – ports 7,8
DMRS Pattern 2

	3
	1 layer – port 7 or 8 
DMRS Pattern 1
	3
	2 layers – ports 9,10
DMRS Pattern 2

	4
	1 layer – port 9 or10
DMRS Pattern 2
	4
	3 layers, ports 7,8,9
DMRS Pattern 2

	5
	2 layers, ports 7,8

DMRS Pattern 2
	5
	4 layers, ports 7-10
DMRS Pattern 2

	6
	3 layers, ports 7,8,9

DMRS Pattern 2
	6
	5 layers, ports 7-11

DMRS Pattern 3

	7
	4 layers, ports 7-10,

DMRS Pattern 2
	7
	6 layers, ports 7-12

DMRS Pattern 3

	8
	reserved
	8
	7 layers, ports 7-13

DMRS Pattern 3

	9
	reserved
	9
	reserved

	10-15
	reserved
	10-15
	reserved


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

	New data indicator of the disabled transport block
	Antenna port 

	0
	7 or 9 (Odd)

	1
	8 or 10 (Even)


In this case,  'Two orthogonal DM RS ports and two scrambling sequences' or 'four orthogonal DM RS ports and one scrambling sequence' can be chosen to support MU-MIMO with total number of layers up to 4.  In the design 2.1 of the alternative 1, we can still co-schedule two Rel-10 UEs with up to two Rel-9 UEs with a scrambling sequence different from the default sequence used for Rel-10.   In this design, we can co-schedule one Rel-10 UE and three Rel-9 UEs.  Therefore, this alternative provides better flexibility of scheduling Rel-9 UEs and Rel-10 UEs.
Note that in this design, 4 bits are required for this alternative.
3 Conclusion

In this contribution, we discuss about the design of downlink control signalling for DMRS port and scrambling sequence indication for three different MU dimensioning alternatives.  Note that one extra bit is required to support 4 orthogonal DMRS ports.  Since the performance of quasi-orthogonal DMRS is questionable in some scenarios as shown in [1],  application of higher order MU-MIMO can be quite limited in practice with quasi-orthogonal DMRS.  It’s preferable to have the choice to support MU-MIMO with 4 orthogonal DMRS ports.  This contribution shows that it can be a simple extension to support 4 orthogonal DMRS ports in terms of downlink control signalling.  
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