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1. Introduction 
This paper discusses some of the configuration options for DL MU-MIMO in Release 10 in relation to number of simultaneously scheduled UEs, transmission rank and DM-RS. We focus on transparent MU-MIMO, where thers is no signalling to make the UE aware of other UEs scheduled in the same resources. 
Some recommendations are made in conclusion.

2. Discussion
2.1
Assumptions
In Release 9 antenna ports 7 and 8 are defined for dual layer beamforming. In this discussion we assume that MU-MIMO in Release 10 would be based on the same antenna ports with the possibility of additional ports being configured, perhaps up to a total of 8 antenna ports. We note that while ports 7 and 8, defined for the case of 2 antenna ports could be re-used for the case of 4 antenna ports, this may not be possible for 8 antenna ports. 
In Release 9 dual layer beamforming up to two UEs can be simultaneously scheduled with distinct DM-RS for rank 2 transmissions (i.e. based on two different scrambling identities). For rank 1 transmission up to four UEs could be scheduled using a combination of different antenna ports and different scrambling identities. Mixed cases are also possible, for example one UE with rank 2 and two UEs with rank 1. For backwards compatibility, and not to constrain co-scheduling of Release 9 and Release 10 UEs, at least two scrambling identities should also be supported in Release 10.

In Release 9, the DM-RS for up to 2 antenna ports are provided by using 12 REs per resource block, with the DM-RS for the 2 ports distinguished by CDM.  We assume that in Release 10, DM-RS for up to 4 antenna ports would be supported by providing an additional 12 REs for the additional 2 ports.

We assume that in Release 10 DM-RS for more than 4 antenna ports would be use the same set of 24REs, and be distinguished using FDM/TDM. 

We assume that although dynamic switching between MU-MIMO and SU-MIMO will be supported in Release 10, this does not imply that SU-MIMO and MU-MIMO would be allowed simultaneously in the same PRBs.  
We assume that there is no significant performance advantage in supporting MU-MIMO with greater than rank2.  
For Release 10 we assume that to constrain complexity, it would be desirable to consider limiting the number of simultaneous UEs (and transmission rank combinations) to below the maximum that could be supported with up to 8 antenna ports.     
2.2
Possible Configurations for Release 10
2.2.1

Up to 2 antenna ports for MU-MIMO transmission 

The supported configurations for this case could be the same as for Release 9. 

We assume that 12REs are reserved for DM-RS.

The table below shows the valid MIMO combinations for a single scrambling identity. 

	Combination
	One rank1 transmission
	Two rank1 transmissions
	One rank2 transmission

	A2
	X
	
	

	B2
	 
	X
	

	C2
	
	
	X


Table1:  Valid MIMO transmission combinations for 2 antenna ports and a single scrambling identity. 
The same table applies for the other scrambling identity. Strictly, combinations A2 and C2 are SU-MIMO, and only B2 is MU-MIMO .
The valid combinations can be configured independently for both scrambling identities. 

Rank 1 transmissions can be configured on either antenna port 7 or 8

Rank2 transmission would use both ports 7 and 8
2.2.2

Up to 4 antenna ports for MU-MIMO transmission  

We assume that the UE is configured to reserve 24REs for DM-RS, 12REs may be enough in some cases. 

The table below shows potentially valid combinations for a single scrambling identity
	Combination
	One rank1 transmission
	Two rank1 transmissions
	Three rank1 transmissions
	Four rank 1 transmissions
	One rank2 transmission
	Two rank2 transmissions

	A4
	
	X
	
	
	
	

	B4
	
	
	X
	
	
	

	C4
	
	
	
	X
	
	

	D4
	X
	
	
	
	X
	

	E4
	
	X
	
	
	X
	

	F4
	
	
	
	
	
	X


Table2:  Valid MU-MIMO transmission combinations for four antenna ports and a single scrambling identity. 
The same table would apply for the other scrambling identity. 

The valid combinations could be configured independently for the two scrambling identities.  

Rank1 transmissions could be configured on any of antenna ports 7, 8, 9 or 10

In principle a Rank2 transmission could be configured on any pair of ports, but to reduce signalling overhead it may be worth applying some restrictions (e.g. only on ports 7 and 8 or 9and 10)
If any UEs are configured for 4 antenna ports in the same PRBs as UEs configured for 2 antenna ports, then there is the possibility of interference between DM-RS and data. This could be avoided, at least for Release 10 UEs by avoiding such mixed configurations. 
In order to reduce complexity, at the cost of some scheduling flexibility, then some restrictions could be applied. For example, the number of co-scheduled UEs could be limited to two. In this case the table below would apply:
	Combination
	One rank1 transmission
	Two rank1 transmissions
	Three rank1 transmissions
	Four rank 1 transmissions
	One rank2 transmission
	Two rank2 transmissions

	A4
	
	X
	
	
	
	

	D4
	X
	
	
	
	X
	

	F4
	
	
	
	
	
	X


Table3:  Valid MU-MIMO transmission combinations for four antenna ports restricted to two co-scheduled UEs for a single scrambling identity.
With a maximum of two co-scheduled UEs on the same scrambling identity it would be sufficient to support the following:

· Rank1 transmissions configured on antenna ports 7, or 8

· Rank2 transmissions configured on antenna ports 7 and 8 or 9 and 10 

Further restriction could be applied, for example to limit the total MU-MIMO transmission rank to 2. In this case, without further analysis, there would seem to be little advantage in using more than two antenna ports for MU-MIMO. However, it may be worth considering scenarios where allocating additional antenna ports to one UE would provide better performance by allowing more robust channel estimation. This could be achieved, for example by allocating two antenna ports for the DM-RS for a rank1 transmission to a single UE or four antenna ports for DM-RS for rank 2 transmission to a single UE. The additional DM-RS could have the same precoding applied as for the PDSCH, in line with current agreements. However, this is not a requirement, provided the precoding of the DM-RS allows a suitable demodulation phase reference to be derived (e.g. by taking a weighted average of the independent channel estimates from the DM-RS on each antenna port).   
2.2.3

Up to 8 antenna ports for MU-MIMO transmission
We assume that the UE is configured to reserve 24REs for DM-RS, but 12REs may be enough in some cases. 

The table below shows potentially valid combinations for a single scrambling identity
	Combination
	One rank1 transmission
	Two rank1 transmissions
	Three rank1 transmissions
	Four rank 1 transmissions
	Five rank1 transmission
	Six rank1 transmissions
	Seven rank1 transmissions
	Eight rank 1 transmissions
	One rank2 transmission
	Two rank2 transmissions
	Three rank2 transmissions
	Four rank2 transmissions

	A8
	
	X
	
	
	
	
	
	
	
	
	
	

	B8
	
	
	X
	
	
	
	
	
	
	
	
	

	C8
	
	
	
	X
	
	
	
	
	
	
	
	

	D8
	
	
	
	
	X
	
	
	
	
	
	
	

	E8
	
	
	
	
	
	X
	
	
	
	
	
	

	F8
	
	
	
	
	
	
	X
	
	
	
	
	

	G8
	
	
	
	
	
	
	
	X
	
	
	
	

	H8
	X
	
	
	
	
	
	
	
	X
	
	
	

	I8
	
	X
	
	
	
	
	
	
	X
	
	
	

	J8
	
	
	X
	
	
	
	
	
	X
	
	
	

	K8
	
	
	
	X
	
	
	
	
	X
	
	
	

	L8
	
	
	
	
	X
	
	
	
	X
	
	
	

	M8
	
	
	
	
	
	X
	
	
	X
	
	
	

	N8
	
	
	
	
	
	
	
	
	
	X
	
	

	O8
	X
	
	
	
	
	
	
	
	
	X
	
	

	P8
	
	X
	
	
	
	
	
	
	
	X
	
	

	Q8
	
	
	X
	
	
	
	
	
	
	X
	
	

	R8
	
	
	
	X
	
	
	
	
	
	X
	
	

	S8
	
	
	
	
	
	
	
	
	
	
	X
	

	T8
	X
	
	
	
	
	
	
	
	
	
	X
	

	U8
	
	X
	
	
	
	
	
	
	
	
	X
	

	V8
	
	
	
	
	
	
	
	
	
	
	
	X


Table 4:  Valid transmission MU-MIMO combinations for eight antenna ports restricted to a maximum transmission rank of 2 per UE, for a single scrambling identity.

Here rank1 transmissions could be configured on any of antenna ports 7, 8, 9, 10, 11, 12, 13 or 14 

Rank2 transmission could be configured on pairs of ports such as:- 7 and 8, 9and 10, 11 and 12, or 13 and 14
Currently it seems doubtful that there is a big advantage in system performance from supporting all the combinations in table 4. Restricting the maximum number of co-scheduled UEs to 4 gives some simplification, leading to the following combinations:

	Combination
	One rank1 transmission
	Two rank1 transmissions
	Three rank1 transmissions
	Four rank 1 transmissions
	Five rank1 transmission
	Six rank1 transmissions
	Seven rank1 transmissions
	Eight rank 1 transmissions
	One rank2 transmission
	Two rank2 transmissions
	Three rank2 transmissions
	Four rank2 transmissions

	A8
	
	X
	
	
	
	
	
	
	
	
	
	

	B8
	
	
	X
	
	
	
	
	
	
	
	
	

	C8
	
	
	
	X
	
	
	
	
	
	
	
	

	H8
	X
	
	
	
	
	
	
	
	X
	
	
	

	I8
	
	X
	
	
	
	
	
	
	X
	
	
	

	J8
	
	
	X
	
	
	
	
	
	X
	
	
	

	N8
	
	
	
	
	
	
	
	
	
	X
	
	

	O8
	X
	
	
	
	
	
	
	
	
	X
	
	

	P8
	
	X
	
	
	
	
	
	
	
	X
	
	

	S8
	
	
	
	
	
	
	
	
	
	
	X
	

	T8
	X
	
	
	
	
	
	
	
	
	
	X
	

	V8
	
	
	
	
	
	
	
	
	
	
	
	X


Table 5:  Valid transmission MU-MIMO combinations for eight antenna ports restricted to four co-scheduled UEs and a maximum transmission rank of 2 per UE, for a single scrambling identity.
Further restrictions, such as limiting the total transmission rank to 4 would be equivalent to configuring only 4 antenna ports. However, as for the 4 port case, it may be worth considering scenarios where allocating additional DM-RS antenna ports to one UE would provide better performance by allowing more robust channel estimation.
3. Conclusions
From the above discussion we propose the following conclusions for Release 10 MU-MIMO:
· Following Release 9, two scrambling identities should be supported.
· If the total MU-MIMO transmission rank (for a single scrambling identity) is limited to two, then Release 9 Dual Layer Beamforming is sufficient.

· It seems unlikely that supporting more than four antenna port is for MU-MIMO is worthwhile.
· A limited set of configurable DM-RS/antenna port assignments per UE may be sufficient. Some examples are given in the Annex below. 
· If either up to four co-scheduled UEs, or a total transmision rank of up to four are to be supported, with four antenna ports. then it is necessary provide 24REs for DM-RS
· Even if Release 9 Dual Layer Beamforming is considered sufficient for Release 10 MU-MIMO, it could be worth supporting the reservation of both 12 and 24REs for DM-RS in the case of rank 1 or 2 MIMO transmissions. This would provide forwards compatibility for future extensions. 
Annex: Possible DM-RS Configurations for SU/MU-MIMO
To support switching between SU-MIMO and MU-MIMO without RRC reconfiguration, it could be desirable to use a single DCI format to cover both cases. Such a DCI format could indicate the number of REs reserved for DM-RS and the transmission rank and which antenna ports are used for the PDSCH transmission. An example of the set of supported configurations is given below.
Here we assume that transmission rank in MU-MIMO would not be greater than two, even using two scrambling identities, and that the total transmission rank would not be greater than 4 using the same scrambling identity.
2 Tx antennas

	Transmission rank
	Antenna port(s)
	REs per subframe reserved for DM-RS
	MU-MIMO supported?

	1
	7
	12
	Yes

	1
	8
	12
	Yes

	2
	7,8
	12
	Yes (with two scrambling identities)


4 Tx antennas

	Transmission rank
	Antenna port(s)
	REs per subframe reserved for DM-RS
	MU-MIMO supported?

	1
	7
	12 or 24
	Yes

	1
	8
	12 or 24
	Yes

	1
	9
	24
	Yes

	1
	10
	24
	Yes

	2
	7,8
	12 or 24
	Yes

	2
	9,10
	24
	Yes

	3
	7,8,9
	24
	No

	4
	7,8,9,10
	24
	No


8 Tx antennas

	Transmission rank
	Antenna port(s)
	REs per subframe reserved for DM-RS
	MU-MIMO supported?

	1
	7
	12 or 24
	Yes

	1
	8
	12 or 24
	Yes

	1
	9
	24
	Yes

	1
	10
	24
	Yes

	2
	7,8
	12 or 24
	Yes

	2
	9,10
	24
	Yes

	3
	7,8,9
	24
	No

	4
	7,8,9,10
	24
	No

	5
	7,8,9,10,11
	24
	No

	6
	7,8,9,10,11,12
	24
	No

	7
	7,8,9,10,11,12,13
	24
	No

	8
	7,8,9,10,11,12,13,14
	24
	No


Note: In the case of 8Tx antennas t it may not be possible to re-use ports 7, 8, 9 and 10 as defined for 4Tx antennas when a transmission rank greater than 4 is required. However, for simplicity in this discussion we have assumed the same port numbering.   









