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1 Introduction
MU-MIMO is an important feature in LTE Rel-10 for system performance enhancement. In RAN WG1 #59b meeting, the following aspects have been set as assumptions in further study:
· Not more than 4 UEs are co-scheduled 

· 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 
According to the way-forward, up to 4 UEs can be co-scheduled on the same OFDM resource. In general, more UEs will be scheduled in one subframe comparing to that of SU-MIMO. Individual control signalling is necessary to be indicated to each scheduled UE via PDCCH to enable MU-MIMO, thus a natural consequence is that more DCI overhead will be allocated for DL MU-MIMO resource indication. However, the PDCCH capacity which was designed for LTE may not going to be changed in Rel. 10 while number of scheduled UEs will significantly increase in LTE-A ascribed to the MU-MIMO feature. In [1], it has been shown that the PDCCH limited capacity will become the bottle neck of exploiting the full gain from MU-MIMO. To alleviate the overhead burden on PDCCH, compact DCI format is preferable to be designed to support MU-MIMO. This contribution discusses compact DCI designs for MU-MIMO.
2 MU-MIMO Transmission Mode with Compact DCI
Transmission Mode 9 with DCI Format 2C
In Rel.10, the system will be able to support SU-MIMO up to rank 8, and MU-MIMO up to rank 4 (composite). It has also been agreed upon during RAN1 #59 that dynamic switching between SU-MIMO and MU-MIMO should be supported without RRC signalling. One DCI format 2C should be designed to support the full set of these features (transmission mode 9). This DCI format 2C should be able to support 2-layer transmission with up to rank 8. Dynamic switching between SU- and MU-MIMO is possible given the DMRS port indication for each antenna port. Table 1 shows a possible DCI 2C design for single carrier SU/MU-MIMO transmission
Table 1: DCI format 2C for Rel. 10 SU/MU-MIMO

	Field
	Bits

	Localized/distributed VRB assignment flag
	1

	Resource Block Assignment
	Localized:
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	Modulation and coding scheme for TB1
	5

	New data indicator for TB1
	1

	Redundancy version for TB1
	2

	Modulation and coding scheme for TB2
	5

	New data indicator for TB2
	1

	Redundancy version for TB2
	2

	HARQ process number 
	3

	TPC command for PUCCH
	2

	DMRS port indication
	3


Note that the DCI 2C is relatively large-sized given all the information it has to pack in. For example, the DCI format size will be 36 bits for a 50-RB system. 

Transmission Mode 10 with DCI Format 1E
To support more MU-MIMO UEs in a sub-frame, a compact DCI format should be introduced. Accordingly, constrains must be imposed. In LTE Rel.8, DCI format 1D is designed to support MU-MIMO (transmission mode 5) with rank-1 limitation. Same design philosophy can be used in designing the new DCI format for Rel. 10 MU-MIMO, i.e., to introduce a new DCI format 1E (transmission mode10) that only supports rank-1 transmission. It is shown in Table 2 that considerable number of bits can be saved. Note that up to 4 UEs will be supported with rank-1 transmission; 2 bits are used to indicate the up to 4 DMRS ports. Dynamic SU-/MU-MIMO switching is possible with DCI format 1E since it is transparent to the UE if the transmission is of SU- or MU-MIMO mode.

Table 2: DCI format 1E for Rel. 10 SU/MU-MIMO

	Field
	Bits

	Localized/distributed VRB assignment flag
	1

	Resource Block Assignment
	Localized:
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Distributed:
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	Modulation and coding scheme for TB1
	3

	New data indicator for TB1
	1

	Redundancy version for TB1
	2

	HARQ process number 
	5

	TPC command for PUCCH
	2

	DMRS port indication
	2


The DCI format 1E as listed in Table 2 is slightly larger than DCI format0/1A by 1 bit. For a 50-RB system, the DCI format 1E in Table 2 results in 27 bits and 9-bit (25%) overhead saving comparing to DCI format 2C.

Further Improvement

It is still possible to further decrease the size of DCI format 1D in Table 2, e.g., by increasing the granularity of resource allocation for transmission mode as resource block group. For a 50-RB system, 3 more bits can be saved. However, such an approach may result in spectrum inefficiency due to the large size of RBG. It is FFS that if increasing the scheduling granularity for MU-MIMO will bring additional gain or not.
3 Summary

Compact DCI format is necessary to exploit the MU-MIMO gain. It is suggested to introduce a DCI format 1E with the following features:

· Allowing only rank-1 transmission;

· Support up to 4 co-scheduled MU-MIMO UEs;

Further improvements are FFS.
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