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1 Introduction
To support dynamic switching of SU/MU MIMO, at least one new mode has to be defined in 3GPP release 10. In RAN WG1 #62 meeting, it was agreed that
· One new transmission mode is defined, supporting:

· SU-MIMO up to rank-8 and SU/MU dynamic switching

· DCI format extended from Format 2B

· Consider further the potential benefits of adding a second new transmission mode, e.g. to support a compact MU-MIMO DCI format or to be more optimised for SU-MIMO up to 8 tx
According to the above agreement and former way-forwards, a new transmission mode will be defined to support SU-MIMO up to rank 8 as well as MU-MIMO up to 2 layers per UE with maximum 4 composite layers. A DCI format 2C will be defined as an extension from format 2B in release 9. Meanwhile, it is necessary to improve the PDCCH capacity to fully achieve the performance enhancement from MU-MIMO since more UEs will be scheduled in a sub-frame on average [1]. This paper discusses the possible alternatives of designing a compact DCI format and proposes a compact DCI format design for the group’s discussion and decision.
2 Compact DCI Design for Release 10 DL Transmission
A DCI format 2C will be designed to support full function of SU/MU-MIMO dynamic switch with SU-MIMO up to rank 8 and MU-MIMO up to composite rank 4. An exemplary design [2] is illustrated below:

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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Distributed:
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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
	3/2 (for 8/4-Tx Antennas)


It is shown in Table 1 that the MCS, NDI and RV information is separately defined for two transport blocks. 
To reduce the size of the DCI format based on DCI format 2C, two ways of reducing overhead can be considered:

Reducing the size of DCI format

It is natural and in accordance with the design philosophy of DCI format design in release 8 to support only one transport block in a new transmission mode 10 supporting both SU- and MU-MIMO. In this new DCI format 1E, the MCS, NDI and RV information for the 2nd transport block can be saved, and the overhead of the DMRS port indication field can also be further reduced. An exemplary DCI format 1E has been illustrated in [2] and around 25% overhead can be saved for a 50-RB system comparing to DCI format 2C.
Proposal 1: Introduce transmit mode 10 and corresponding DCI format 1E to support rank-1 only SU/MU-MIMO transmission.

Reducing the number of necessary DCI transmission

In release 8 through 9, asynchronous and adaptive HARQ is assumed for downlink transmission. An UE receiver has to decode DCI format for downlink assignment before attempting any PDSCH decoding. An NDI bit is present in the DCI format to indicate if the present transmission is a new transmission or retransmission. On the other hand, the HARQ process in the uplink is assumed to be synchronous and non-adaptive, where the retransmission occurs in a subframe with predefined offset from the initial transmission using the same assigned resource blocks and MCS level. It is so designed for uplink that the control overhead can be significantly saved. Given the fact that more UEs are going to be scheduled in a sub-frame and the PDCCH capacity has become the limitation to fully exploit the gain of introducing MU-MIMO, it is also desirable to reduce the number of necessary DCI transmission by introducing synchronous and non-adaptive HARQ for downlink assignment.
The synchronous and non-adaptive HARQ process can be configured via:

Alt. 1: DCI format 1E with an one-bit field indicating synchronous HARQ;

Alt. 2: RRC configuration.

When synchronous HARQ is enabled for the present transmission, in case of a receive error occurs and retransmission is necessary, no DCI will be transmitted in PDCCH to indicate the retransmission, the UE will assume the retransmission will occur in a sub-frame with predefined offset (e.g., sub-frame n+4) using the same resource as the initial transmission. Thus, the DCI for the retransmission can be saved. Assume the transport block error rate is controlled around 0.1, around 10% overhead for DCI can be saved.
Proposal 2: Enable synchronous and non-adaptive HARQ process for downlink mode 10 for further overhead reduction.

A DCI format 1E with synchronous HARQ enabling field is illustrated in Table 2:
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
	5

	New data indicator for TB1
	1

	Redundancy version for TB1
	2

	HARQ process number 
	3

	TPC command for PUCCH
	2

	DMRS port indication
	2

	Synchronous HARQ indication
	1


When the synchronous HARQ indication bit is turned on, the UE will assume synchronous retransmission for the current TB; when the HARQ indication bit is turned off, the UE will assume conventional asynchronous and adaptive HARQ process.

The DCI format 1E as listed in Table 2 is slightly larger than DCI format0/1A by 2 bit. For a 50-RB system, the DCI format 1E in Table 2 results in 28 bits and 8-bit (22%) overhead saving comparing to DCI format 2C. There is an additional 10% overhead saving when the synchronous HARQ is turned on.

3 Summary

In additional to DCI format 2C which support full dynamic switching of SU/MU-MIMO, a new transmit mode with compact DCI format is necessary to exploit more gain from MU-MIMO. It is proposed to introduce a DCI format 1E with the following features:

· Introduce transmit mode 10 and corresponding DCI format 1E to support rank-1 only SU/MU-MIMO transmission;
· Enable synchronous and non-adaptive HARQ process for downlink mode 10 for further overhead reduction.
We suggest RAN1 adopt the proposed enhancements into release 10.
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