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1. Introduction
In RAN1 # 46bis meeting in Seoul, it was agreed that unitary precoding matrix is used for support of the SU-MIMO, and UE feedback is based on the codebook-based precoding in E-UTRA FDD. In RAN1 # 48 meeting in St Louis, it was also decided that one precoding feedback information per the number of RB determined by frequency-domain PMI (Precoding Matrix Index) granularity is reported, and single rank feedback information over the whole RBs or a subset of RBs is transmitted.
For the UE feedback information of PMI and rank, eNodeB may send the PMI and rank information to the desired UE for the purpose of UE feedback error check and network overriding. When it comes to downlink signalling, we may consider that the downlink PDCCH (L1/L2 control channel) is used for transmitting these PMI and rank information. However, we also have to consider the issue points of PDCCH in terms of overhead and blind decoding. That is, the requirement that the maximum OFDM symbols for control channel transmission is 3 limits the amount of control information on each PDCCH, and the concern of complexity and additional overhead for blind decoding may lead to the requirement of fixed payload size for PDCCH. Considering the requirement for PDCCH as above, we believe that the PMI information of which amount may be large and vary according to downlink RB allocation for a UE should be transmitted by other separately coded channel. Although we can consider separate coding for PMI information as another PDCCH, it still can not resolve the problem of limited resource condition (maximum 3 OFDM symbols) for downlink control channel.
In this contribution, two potential methods of dedicated signalling and dedicated RS (pilot) to signal the PMI information through the downlink shared data channel are considered, and their general features are described, especially focusing on the case of SU-MIMO.
2. Downlink signalling of the PMI information on the shared data channel
2.1. Overview of downlink SU-MIMO transmission and its UE feedback
In the contribution, we mainly focus on the downlink PMI information signalling method for the case of SU-MIMO because the required types of UE feedback information for MU-MIMO can vary depending upon the decision of a specific MU-MIMO scheme in the future. In general, the downlink SU-MIMO transmission and its corresponding UE feedback can be described as the circular rotation of the following steps;
· UE estimates the downlink channel for each antenna using common downlink reference signals.

· UE chooses the best codebook matrix for all data stream or the best codebook vector for rank-1 per the number of RBs determined by frequency-domain PMI granularity and selects the best rank over the whole RBs or a subset of RBs.
· UE reports the MIMO related rank and PMI information to Node B.

· Node B receives the reported information and decides the rank and PMI to transmit on downlink.

· Node B transmits the precoded data and sends the control message including the rank and PMI information.

· UE decodes received data using the rank and PMI information from Node B.

As illustrated in the above procedures, an eNodeB sends the PMI and rank information to the desired UE because of robustness of UE feedback error and the possibility of network overriding. We can basically consider that the downlink PDCCH (downlink L1/L2 control chanel) is used for transmitting these PMI and rank information. However, we also have to consider the issue points of PDCCH in terms of overhead and blind decoding. That is, the requirement that the maximum OFDM symbols for control channel transmission is 3 limits the amount of control information on each PDCCH, and the concern of complexity and additional overhead for blind decoding may lead to the requirement of fixed payload size for PDCCH. Considering the requirement for PDCCH as above, we believe that the PMI information of which amount may be large and vary according to downlink RB allocation for a UE should be transmitted by other separately coded channel. Although we can consider separate coding for PMI information as another PDCCH, it still can not resolve the problem of limited resource condition (maximum 3 OFDM symbols) for downlink control channel. As another approach for transmitting the PMI and rank information to the desired UE, the dedicated RS and the dedicated control channel mapped to a set of subcarriers in his downlink shared channel can be considered. The following two subsections illustrates the key features of the dedicated RS and the dedicated control channel for downlink signalling of the PMI and rank information. 
2.2. Downlink dedicated RS transmission for signalling of the PMI information
In [1], the dedicated RS (pilot) was proposed to directly signal the codebook weight vector/matrix to UEs. The key features of the downlink dedicated RS can be summarized as follows;
· Some portion of common RSs or data sub-carriers on the downlink shared channels is converted to the dedicated RSs. 
· An increase in downlink signalling overhead due to the introduction of the dedicated RS might occur.
· The dedicated RS symbols can be used to directly estimate the equivalent channel in both E-UTRA FDD and TDD.
· The desired UE can detect the PMI from received signal and estimated channel through maximum likelihood detection [2].
· In the case of rank 1, since the dedicated RS has beamforming gain, its detection performance would be promising.
· However, in the case of higher rank, since all precoding vectors within the precoding matrix are transmitted, beamforming gain of some vectors might be deficient to detect reliably or even bad.
2.3. Downlink dedicated control channel transmission for signalling of the PMI information

A portion of data sub-carriers within the allocated RBs for the desired UE can be mapped to transmit not the codebook weight vector/matrix but the PMI itself. This is defined as the dedicated control channel. The key features of the downlink dedicated control channel can be summarized as follows;
· Some portion of data sub-carriers are converted to the dedicated control channel.

· Bits of PMI are coded, modulated, and then, transmitted using Tx diversity. Here the transmit scheme of this channel is independent of rank. 

· Dedicated control channel does not require UE ID.

· Since the RBs with high channel quality are allocated for DL transmission, the dedicated control channel can obtain the frequency scheduling gain as data traffic can.
3. Conclusion

For UE feedback error check and network overriding, it is necessary that eNodeB transmit the MIMO related information such as the PMI and rank information to the desired UE. When the PMI information is transmitted by the downlink PDCCH, it causes not only additional complexity and overhead increase for blind decoding but also a shortage in resource for control signalling. Therefore, we guess that an alternative to transmit the PMI information should be carefully considered. The dedicated RS or the dedicated control channel introduced in the contribution may be regarded as a potential method. If we could not find a good way forward for the PMI transmission using PDCCH, the dedicated RS or the dedicated control channel seems to be considered as another way of signalling the PMI information, and we should investigate and discuss further about the feasibility of these two methods.
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