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1 Introduction
Multi-User MIMO (MU-MIMO) has been identified as a key technology that can significantly improve the system performance of the LTE Advanced (LTE-A) system. Accordingly, benefits of Multi-user MIMO (MU-MIMO) have been observed in recent evaluation for ITU requirements by multiple companies. MU-MIMO enables multiple UEs share a common set of resource blocks in a subframe to better exploit spatial multiplexing. While downlink MU-MIMO has been adopted as a part of the LTE Release 8, there is much room for enhancement on LTE-A since the DL MU-MIMO scheme available in LTE Release 8 has been designed simply assuming transmit antenna configurations with very high correlation.

In 3GPP RAN1 #59bis, the following conclusion was made on MU-MIMO dimensioning:
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:

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

· Alt 2: 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 TM8 will remain specified in Rel-10. 
In this contribution, we discuss about MU-MIMO control signalling, based on the above cited agreement. 

2 Transparency in Release 9 vs Release 10 MU-MIMO
Recently, the downlink MU-MIMO transmission based on DMRS has been finalized for Release 9 in the form of transmission mode 8. For the UEs receiving transmission in this transmission mode, downlink resources are allocated and notified in a transparent manner. In other words, the DCI format for transmission mode 8 has been designed such the scheduled UE is only notified of information that pertains to its own transmission. Therefore, from a UE’s perspective, it has no idea whether the transmission it is receiving is a part of a MU-MIMO transmission or simply a SU-MIMO transmission.
The transparency in Release 9 MU-MIMO was made possible by having a preset DMRS pattern that can support up to rank 2 transmissions based on CDM. The main difference in the case of Release 10 is that, depending on the eNB’s composite transmission rank, the DMRS patterns can change. More specifically, multiple DMRS patterns supporting eNB transmission ranks up to 2, 4, and 8 can be defined for Release 10. 

Due the uncertainty in which of the multiple DMRS patterns is used, it is difficult to maintain the same level of transparency as in Release 9. In addition to the information pertaining to its own DMRS port, a UE needs to know which of the DMRS patterns are used. The eNB’s DMRS pattern indication can be done in one of two ways:
· Using higher layer signalling

· Using dynamic signalling on the PDCCH

3 DMRS Port Indication
Depending on how the DMRS pattern is indicated to the UEs, eNB’s signalling of DMRS ports for scheduled UEs can be done differently. In this document, two different approaches are identified and discussed. The first approach is based on the assumption that DMRS pattern is notified to UEs using higher layer signalling. The second approach is based on the assumption that DMRS pattern is notified to UEs using PDCCH. The first approach will be referred to as the Semi-static approach while the second approach will be referred to as the Dynamic approach.
Semi-static approach

In the semi-static approach, the DMRS pattern is indicated to UEs using higher layer signalling. Depending how the system is configured, a common DMRS pattern could be used for the entire system bandwidth or different DMRS patterns could be used for different parts of the system bandwidth. Therefore, in the semi-static approach, a UE has prior knowledge of DMRS pattern used by the eNB before the actual scheduling of PDSCH.
Since the UE has prior knowledge of the DMRS pattern to be used, the only information that needs to be conveyed dynamically via the PDCCH is the information on the allocated DMRS ports. For example, in making a rank 2 transmission to a UE, the eNB informs the UE to use DMRS ports 0 and 1 via PDCCH. The UE uses the prior knowledge on the DMRS pattern (i.e. which of the three DMRS patterns supporting up to 2, 4, or 8 layers is used) to determine which frequency/time/code resources the allocated DMRS ports are occupying.
The semi-static approach has benefits in terms of being able to support MU-MIMO for any DMRS pattern but lacks the flexibility to dynamically switch the DMRS pattern on a per subframe basis.

Dynamic approach

In this subsection, we consider dynamic signalling of both a DM RS pattern and antenna port indices within the selected DM RS pattern assigned for a UE for maximum flexibility. We construct an example set of states to be dynamically signalled as in the following table, according to MU-MIMO dimensioning Alt 1:
Table 1 An example set of states to be dynamically signalled

	From a rank-2 pattern
	From a rank-4 pattern
	From a rank-8 pattern

	{7},{8},{7,8}
	{7},{8},{9},{10},

{7,8},{9,10}
{8,9,10}

{7,8,9,10}
	{7,8,9,10,11}

{7,8,9,10,11,12}

{7,8,9,10,11,12,13}

{7,8,9,10,11,12,13,14}


In the table, UE-RS ports 9 and 10 are the two additional antenna ports in the rank-4 pattern; and UE-RS ports 11 through 14 are the additional 4 UE-RS ports in the rank-8 pattern. The total number of states is 15; and hence we need at most 4 bits to signal this information. 
As a simple extension of Rel-9 DCI format 2B, we consider DCI format 2C for MU-MIMO control signalling in Rel-10, where the DCI format 2C is composed of all the bits of DCI format 2B after excluding a SC-ID field, and an additional N-bit DM-RS port indication field. 

With N=4 bits, all the states in Table 1 can be indicated by the DM RS port indication field, where the interpretation of the DM RS port indication field changes depending on the number of enabled TBs, as shown in Table 2.
Table 2 An example of dynamic signalling of a selected DM RS pattern and port indices

    When only one TB is enabled                                   When both TBs are enabled
	Bit field mapped to index 
	DMRS pattern
	Port indices
	
	Bit field mapped to index 
	DMRS pattern
	Port indices

	0
	Rank-2
	7
	
	0
	Rank-2 
	7,8

	1
	Rank-2
	8
	
	1
	Rank-4
	7,8

	2
	Rank-2
	7,8
	
	2
	Rank-4
	9,10

	3
	Rank-4
	7
	
	3
	Rank-4
	7,9,10

	4
	Rank-4
	8
	
	4
	Rank-4
	7,8,9,10

	5
	Rank-4
	9
	
	5
	Rank-8
	7,8,9,10,11

	6
	Rank-4
	10
	
	6
	Rank-8
	7,8,9,10,11,12

	7
	Rank-4
	7,8
	
	7
	Rank-8
	7,8,9,10,11,12,13

	8
	Rank-4
	9,10
	
	8
	Rank-8 
	7,8,9,10,11,12,13,14

	9
	Rank-4
	7,9,10
	
	9
	Reserved
	Reserved

	10
	Rank-4
	7,8,9,10
	
	10
	Reserved
	Reserved

	11
	Reserved
	Reserved
	
	11
	Reserved
	Reserved

	12
	Reserved
	Reserved
	
	12
	Reserved
	Reserved

	13
	Reserved
	Reserved
	
	13
	Reserved
	Reserved

	14
	Reserved
	Reserved
	
	14
	Reserved
	Reserved

	15
	Reserved
	Reserved
	
	15
	Reserved
	Reserved


With N=3 bits, all the states associated with one enabled TB in Table 1 can be indicated by a combined 4-bit field of the DM RS port indication field and the NDI bit of a disabled TB; however, we need to down-select 8 states out of 9 states associated with two enabled TBs in Table 1 as the 3 bit DM RS port indication field generates only 8 indices. We may remove Rank-4 pattern {7,8}, for example, which gives Table 3.
Table 3 Another example of dynamic signalling of a selected DM RS pattern and port indices

    When only one TB is enabled                                   When both TBs are enabled
	4-Bit field mapped to index 
	DMRS pattern
	Port indices
	
	3-Bit field mapped to index 
	DMRS pattern
	Port indices

	0
	Rank-2
	7
	
	0
	Rank-2 
	7,8

	1
	Rank-2
	8
	
	1
	Rank-4
	9,10

	2
	Rank-2
	7,8
	
	2
	Rank-4
	7,9,10

	3
	Rank-4
	7
	
	3
	Rank-4
	7,8,9,10

	4
	Rank-4
	8
	
	4
	Rank-8
	7,8,9,10,11

	5
	Rank-4
	9
	
	5
	Rank-8
	7,8,9,10,11,12

	6
	Rank-4
	10
	
	6
	Rank-8
	7,8,9,10,11,12,13

	7
	Rank-4
	7,8
	
	7
	Rank-8 
	7,8,9,10,11,12,13,14

	8
	Rank-4
	9,10
	
	
	
	

	9
	Rank-4
	7,9,10
	
	
	
	

	10
	Rank-4
	7,8,9,10
	
	
	
	

	11
	Reserved
	Reserved
	
	
	
	

	12
	Reserved
	Reserved
	
	
	
	

	13
	Reserved
	Reserved
	
	
	
	

	14
	Reserved
	Reserved
	
	
	
	

	15
	Reserved
	Reserved
	
	
	
	


It is noted that similar tables to Table 2 and Table 3 can be constructed with MU-MIMO dimensioning Alt 2. 
4 Summary
For LTE-A, it is difficult to maintain the same level of MU-MIMO transparency as in Release 9. In short, a UE must be informed of which DMRS pattern is being used. The eNB’s DMRS pattern indication can be done in one of two ways:

· Using higher layer signalling

· Using dynamic signalling on the PDCCH

The DMRS port indication can be done different depending on how the DMRS pattern is conveyed to the UEs. In the document, 2 different approaches were identified and discussed.
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