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1. Introduction
MU-MIMO provides a way to increase the system capacity in high loaded scenario. Discussions of downlink signaling for MU-MIMO were taken in RAN1 meeting #53 and the following was agreed
· Do not signal the interference vector and reuse existing format(s) for MU-MIMO.

· Continue discussion until next meeting which format(s) to use

Existing DCI formats available for MU-MIMO signaling are DCI format 1B and format 2. Format 1B is used for closed-loop rank=1 precoding and format 2 is used for closed-loop spatial multiplexing. The following conclusion of format 1B was made in the meeting 

· Introduce format 1B, based on format 1A with the addition of [2-4] bits for signaling the precoding matrix

· Except for the case of antenna selection, this means 2 bits for 2 TX antennas, 4 bits for 4 TX antennas

After the meeting, there was an email discussion on DCI format vs Tx mode. However, no agreement on the DCI format for MU-MIMO was reached. In this contribution, we share our view and attempt to nail down this issue for MU-MIMO in LTE.
2. Discussions
Format 1B has the following advantages over format 2 in signaling MU-MIMO transmission:

· more related control signaling design: It was decided in RAN1 meeting #49bis that MU-MIMO in LTE is limited to single layer transmission and each UE feeds back the precoding vector in the same way as rank=1 SU-MIMO. Therefore, it is more reasonable to use format 1B in support of MU-MIMO as format 1B is aimed for closed-loop rank=1 precoding.
· more multi-user scheduling gain: Format 1B can fit into a CCE in aggregation level 1 even in 20MHz case while format 2 in most bandwidth can only fit into a CCE with the aggregation level more than 2. Therefore, given limited control region, format 1B can support more spatially multiplexed users thus to obtain more multi-user gain compared with format 2.
· lower signaling overhead: Format 1B can save signaling overhead in precoding information where in format 1B there are 2 bits in the case of 2 Tx antennas and 4 bits for 4 Tx antennas compared with 3 bits and 6 bits respectively in format 2 [1]. Additionally, format 1B saves bits in HARQ swap flag as well as the field of the second codeword which includes MCS, NDI and RV. Thus, a total of 10 bits and 11 bits are saved in the downlink control signaling irrespectively of the bandwidth for 2 Tx and 4 Tx respectively. 
· more feasible resource allocation type: Format 1B has the least signaling overhead in indicating a set of contiguously physical resource blocks where this is also the most familiar scenario for MU-MIMO. Besides, format 2 is problematic in indicating the shared frequency resource in frequency selective precoding which is not precluded for MU-MIMO application as agreed in RAN1 meeting #49bis. For example, two UEs may pair in the second half part of a resource block group (RBG) and the first half part of the next RBG. As these two RBGs are not in the same RBG subset, it cannot be signaled by either type 0 or type 1. 
It was proposed to signal the power sharing for MU-MIMO at a subframe speed in [3] where the format 2 was reused and 2 unused bits were taken to indicate four power offset values. We share the view on the need for power offset for MU-MIMO and propose to mask the power offset information in the CRC of format 1B [4]. The UEs that are not configured to MU-MIMO mode can decode format 1B without any affects so that MU-MIMO is supported implicitly in LTE R8 with the least change to the existing DCI formats.
3. Conclusion

In this contribution, format 1B and format 2 are compared from various aspects for MU-MIMO signaling. Format 1B has following advantages over format 2

· more related control signaling design
· more multi-user scheduling gain

· lower signaling overhead

· more feasible resource allocation type

Thus, it is proposed to use DCI format 1B for MU-MIMO signaling in LTE.
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