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1. Introduction
Single cell MU-MIMO is an attractive approach to improve the system performance. With MU-MIMO several UEs may be co-scheduled on the same set of RBs. Thus MU-MIMO can provide multi-user diversity gain and/or spatial multiplexing to system, especially in the scenarios with a relatively large number of high geometry UEs. 

In LTE Rel-8, MU-MIMO is based on a codebook designed for single-user MIMO transmission. The supported number of co-scheduled UEs is limited by the control signaling. The suboptimal codebook based precoding with strictly confined precoding granularity limits the achievable gain of MU-MIMO. Dual-layer beamforming based on DM-RS ports, as an enhanced transmission scheme, was introduced in Rel-9. With dual-layer beamforming and the configurable DM-RS scrambling initialization ID, UEs may be co-scheduled in transmission mode 8. In rank1 transmission, the scheduled UE may be dynamically indicated to use one of the DM-RS ports. On the overlapped RB set shared by two rank1 UEs with same DM-RS scrambling initialization ID, the configuration of orthogonal DM-RS ports guarantees an accurate DM-RS channel estimation for each of the co-scheduled UE. Without the channel knowledge of the co-scheduled UE, as long as a good DM-RS channel estimation is available, it’s still possible for receiver to detect the desired layer with reliability similar to that of MMSE. Depending on configuration of the scrambling ID, up to four rank 1 UEs or two rank 2 UEs can be co-scheduled in MU-MIMO transmissions. Being aware of the allocation of its own DM-RS port and DM-RS scrambling initialization ID, the desired layer(s) can be detected regardless the existence of co-scheduled UE. Based on the dynamically allocated DM-RS ports indicated by DCI format 2B, a flexible and unified SU/MU-MIMO transmission mode is introduced. As the DL transmission based on multi-ports DM-RS is adopted in LTE-A, same mechanisms in Rel-9 is possible especially for low rank transmissions in Rel-10. 

Based on the discussion and initial performance evaluation results, the following agreements were reached in RAN1 #59bis: 
For the design of downlink signalling and DMRS, 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 DMRS ports

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

Note: Two alternatives are to be studied:

· Alt1: 4 orthogonal DMRS ports and 1 scrambling sequence are defined

· Alt2: 2 orthogonal DMRS 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 required DL control signaling for DL MIMO in LTE-A.
2. Discussion
The decision on MU-MIMO dimension will have impact on the design of DL control signaling and the resulted overhead. According to the agreement on DMRS pattern for rank1-4, if 4 orthogonal DMRS ports are to be supported in MU-MIMO transmission, there will have two possible DMRS patterns. In addition to the DMRS port assignment, the indication of DMRS pattern also needs to be included in the DL control signaling. In [1], a scheme enabling joint indication of DMRS assignment and DMRS pattern for Alt2 is discussed. Furthermore if the indication of total rank is available at UE side ZF or MMSE receiver can be supported [2] [3]. 
Since there is no power offset indication in DCI 2B, the EPRE of port 7 and 8 will have to be reduced if Rel-9 and Rel-10 UEs are co-scheduled in the same set of PRB and Alt1 is adopted. In addition, considering the dynamic nature of practical traffic and channel state, aligning the resources for all the co-scheduled UE may greatly constrain the flexibility in scheduling and hence degrade the resulting system performance. However, in the case when not all the resources are aligned, it’s questionable about how to inform the overall DMRS port allocations/patterns/power offset for each RBG with constrained PDCCH capability.    

Alt2, on the other hand, requires less information for DL demodulation. As up to 2 orthogonal DMRS ports can be used in MU-MIMO transmission, the DMRS pattern is always fixed. The corresponding DMRS density is 12RE per PRB pair for the UE with rank1or rank2 transmission.  As the DMRS for all the co-scheduled UEs share the same CDM group, the signaling regarding power offset information is not needed to be included in the DCI. A DCI format which is suitable for unified SU/MU-MIMO operation in LTE-A can be simply extended based on the signaling defined for TM8 of Rel-9 with a few extra bits. Table 1 shows an example of DMRS port indication for Alt2. The NDI bit of the disabled TB is re-used in this example. In addition, 3 bits are introduced for rank indication. 
Table1. DMRS port indication for Alt2

	NDI bit of the disabled TB
	Rank indication
	DMRS port assignment

	0
	000
	{0}

	1
	
	{1}

	0/1
	001
	{0,1}
(SCW retransmission)

	Two TBs enabled
	
	{0,1}

	0/1
	010
	{0,2,3}
(SCW retransmission)

	Two TBs enabled
	
	{0,2,3}

	0/1
	011
	{0,1,2,3}
(SCW retransmission)

	Two TBs enabled
	
	{0,1,2,3}

	Two TBs enabled
	100
	{0,1,2,3,6}

	Two TBs enabled
	101
	{0,1,4,2,3,6}

	Two TBs enabled
	110
	{0,1,4,2,3,6,7}

	Two TBs enabled
	111
	{0,1,4,5,2,3,6,7}


Furthermore, the newly introduced bits and NDI of disabled TB can be used to indicate the DMRS port assignment and total DL rank. Table 2 shows another example of DL control signaling for Alt2.  
Table 2. Indication of DMRS port assignment and total DL rank for Alt2
	NDI bit of the disabled TB
	Indication of DMRS port assignment & total DL rank
	DMRS port assignment & 

total DL rank

	0
	000
	{0}, total DL rank=1

	1
	
	{0}, total DL rank=2

	0
	001
	{1}, total DL rank=2

	1
	
	{0,1}, total DL rank=2
(SCW retransmission)

	Two TBs enabled
	
	{0,1}, total DL rank=2

	0/1
	010
	{0,2,3}, total DL rank=3
(SCW retransmission)

	Two TBs enabled
	
	{0,2,3}, total DL rank=3

	0/1
	011
	{0,1,2,3}, total DL rank=4
(SCW retransmission)

	Two TBs enabled
	
	{0,1,2,3}, total DL rank=4

	Two TBs enabled
	100
	{0,1,2,3,6}, total DL rank=5

	Two TBs enabled
	101
	{0,1,4,2,3,6}, total DL rank=6

	Two TBs enabled
	110
	{0,1,4,2,3,6,7}, total DL rank=7

	Two TBs enabled
	111
	{0,1,4,5,2,3,6,7}, total DL rank=8


3. Conclusions
In order to support further degree of freedom in MU-MIMO, the control signaling for DMRS port/pattern and/or total rank indications need to be considered. As MU-MIMO is targeting at lower-rank transmission, the mechanisms in Rel-9 can be extended to support unified SU/MU-MIMO operations in LTE-A. With 2 orthogonal DMRS ports and 2 scrambling sequences up to two rank2 UEs or 4 rank1 UEs can be co-scheduled. Furthermore, since both the power offset and DMRS pattern indication are not required for Alt2, the flexible scheduling with non-aligned resource allocation is already available. Based on the discussion above, we propose to support Alt2. 
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