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1. Introduction
In contribution R1-082464 in the Warsaw meeting, it was proposed to reuse DCI format 2 for MU-MIMO and explicitly signal the power offset by some unused code points in the precoding information field [1]. In this contribution an implicit signaling method is proposed.
2. Discussion
2.1. Necessity for implicit power offset signaling

Generally, power offset is necessary for MU-MIMO in the cases that:
· the number of the co-scheduled users in the frequency resource are flexible
· the physical frequency resource of the co-scheduled users are partially overlapping 

These two cases may or may not happen at the same time. The first case is easily met in MU-MIMO transmission because MU-MIMO pairing probability depends largely on the total number of active UEs in a cell. If there are no sufficient UEs, it is likely that a UE fails in its initial transmission while its partner succeeds may not find a partner in its retransmission. The second case depends on whether this specific MU-MIMO scheduling criterion is allowed or not in the system. However, the gain of this MU-MIMO scheduling scheme is skeptical. If the power offset for a UE with MU-MIMO transmission is calculated according to the maximum number of users in the overlapping resource (pessimistic way), a performance drop is apparent for the non-overlapping part. If the power offset is derived from the minimum number of users in its scheduling resource (aggressive way) , the power will fluctuate greatly in the frequency domain thus to cause serious interference to other cells. A tradeoff method was proposed in [3]. However, high interference problem still exists and it seems that neither the non-overlapping part nor the overlapping part can obtain its best performance. Besides, the power offset signaling overhead of 3~4 bits for 4Tx seems quite high. 
Explicit power offset signaling has to change DCI by either adding bits to a DCI format or reusing bits (or code points) in a DCI format thus to create more payload sizes [4] or reinterpret the fields of existing DCI format [1]. Implicit power offset signaling has no change to the DCI, so MU-MIMO can be supported in a most easy and transparent way for this late stage in LTE R8. In addition, implicit power signaling can maximize the MU-MIMO performance gain because no extra signaling overhead is introduced. 
2.2. Implicit power offset signaling method

MU-MIMO is applied in the high loaded scenario to increase the system capacity. In LTE downlink, MU-MIMO is limited to single layer transmission. In the Kansas city meeting, it was agreed not to signal the interference vectors so a MU-MIMO UE is blind to the number of UEs that are scheduled in the same set of frequency resource. It was also agreed in the meeting that MU-MIMO reuses the existing DCI format(s) and no new format is to be decided for MU-MIMO at this late stage. The available DCI formats are format 1B and format 2. Format 1B is aimed for closed-loop rank=1 precoding mode while format 2 is for closed-loop spatial multiplexing mode.
It was pointed out in contribution R1-082464 that there is a clear need to signal the power sharing at a subframe speed. We share this view and consider it as an essential guarantee of the MU-MIMO performance. However, we observe that format 2 is not a compelling format to support MU-MIMO signaling for some reasons in [2]. Although format 1B has some advantages over format 2, there are no free bits any more. Thus, it is difficult to signal power offset explicitly unless some scheduling flexibility is sacrificed. 
In order to maintain the scheduling flexibility we propose to mask the power offset in the CRC of format 1B as shown in Table 1 and Table 2. In the case where a UE is configured to the MU-MIMO mode, after CRC attachment to the downlink control information of format 1B, the parity bits are masked by C-RNTI and the power offset. In the case where a UE is configured to the closed-loop rank=1 precoding mode, no power offset masking is performed to the CRC of format 1B. Therefore, SU-MIMO rank=1 precoding is not affected. 

Table 1: Power offset mask for 2Tx
	Power offset
	Power offset mask
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	0 dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	10log(1/2) dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>


Table 2: Power offset mask for 4Tx
	Power offset 
	Power offset mask
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	0 dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	10log(1/2) dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1>

	10log(1/3) dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 0>

	10log(1/4) dB
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 1, 1>


Notice the power offset masks of 2Tx and the first two masks of 4Tx are the same with the antenna selection masks in the UL grant, so the proposed method can efficiently support MU-MIMO in LTE with little additional complexity. Actually, if we restrict the maximum number of co-scheduled UEs to 2, The proposed method is just the same with antenna selection scrambling in DCI format 0 except that the meaning of the scrambling sequences differ. 
3. Conclusion

In this contribution, it is proposed to mask the power offset in the CRC of format 1B to support MU-MIMO signaling. The other mode supported by format 1B, rank=1 precoding, is not affected. MU-MIMO is supported transparently in LTE with the proposed method.
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