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1. Introduction
During the RAN1 #49bis meeting, a way forward for DL MU-MIMO is agreed in [1]. However, how to signal the used precoding vector and is there need for signal the interference vector are still the remaining issues for the DL control signaling of MU-MIMO. This contribution will discuss the signaling of the precoding vector in DL for MU-MIMO.
2. Signalling of the Precoding Vector
In this section, we propose two downlink control signaling mechanism to signal the precoder in PDCCH for MU-MIMO.
2.1 Scheme 1
Only signal the used precoding vector for a scheduled UE, there is no information about the interfering vector(s) in the DL control signaling. This scheme can reuse some of the fields of format 2 supported in current agreed PDCCH contents [2].

	Field
	Bits
	Comment

	Precoding confirmation
	1
	Indicates the eNB followed the PVI recommendation of the scheduled UE (target UE)

	Precoding information
	4
	Indicates the scheduled UE (target UE) which precoding vector is used in DL transmission


Table 1 PDCCH contents for scheme 1
With Scheme 1 there is no need to re-define the PDCCH fields and bit size for MU-MIMO case due to scheme 1 has similar contents and overhead in PDCCH with SU-MIMO. Furthermore, signaling of the precoder with scheme 1 will not introduce any restriction and new assumption in the agreed MU-MIMO way forward [1], such as restricting the number of scheduled UEs to two, limiting the scheduling flexibility or assuming frequency non-selective precoding and so on. This scheme can also indicate the used precoding vector to the scheduled UE in case of the UE feedback error is detected or the eNB overriding the UE decision.
2.2 Scheme 2
Some companies suggest that signaling of the interfering vector(s) to the scheduled UE in DL control due to it will result in performance improvement [3][4]. Aiming at this view, scheme 2 gives another downlink control signaling mechanism that can signal the used precoding vector and interfering vector to the scheduled UE simultaneously. 
This scheme will introduce some reasonable restrictions. It is observed that in MU-MIMO a single reported precoding vector valid for the whole frequency band seems to be sufficient [5]; therefore in this scheme we assume the precoding feedback is frequency non-selective. Moreover, according to the views in [6], the limitation of 2 UEs to be spatially multiplexed in MU-MIMO on a physical resource is a reasonable choice for smaller signaling overhead and simpler eNB scheduler. Under these two assumptions, we can combine two rank-1 SU-MIMO precoding possibilities defined for 2 TX and 4 TX antennas to precoding matrix according to some certain scheduling approach (unitary, non-unitary), and the total number of resulting combined matrices depends on the precoding matrix design and signaling overhead (e.g. no larger than 4bits in order for consistent with SU-MIMO). These precoding matrices are denoted by different index. When two UEs are scheduled, the vectors in one precoding matrix will assign to each UE for precoding transmission. For signaling of the precoder in PDCCH, we can use 2-4 bits to signal the PMI and 1 bit to indicate which one is the desired vector for scheduled UE in the precoding matrix. By using this scheme we can signal the desired precoding vector and interfering vector to a scheduled UE simultaneously. Scheme 2 can also apply in the case that the UE feedback error is detected or the eNB overriding the UE decision. The PDCCH contents for scheme 2 can be described in Table 2.
	Field
	Bits
	Comment

	Desired precoding
vector indication
	1
	Indicates which precoding vector is used for the scheduled UE in a precoding matrix

	PMI indication 
	2-4
	Indicates the precoding matrix used in DL transmission including the used PV and interfering PV


Table 2 PDCCH contents for scheme 2
3. Conclusion
In this contribution we proposed two downlink control signaling mechanism to signal the precoder in PDCCH for MU-MIMO. If no any restrictions or modifications allow introducing in the agreed way forward for MU-MIMO, we propose to use scheme 1 in PDCCH. If it is necessary to indicate the interfering precoding vector in DL and allow some reasonable restrictions, we propose to use scheme 2. 
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