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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 [1]. In addition, the PMI feedback granularity was also agreed as whole RB or a subset of RBs in RAN1 #48 meeting [2].
In general, eNodeB should feed forward PMI and rank information for the scheduled UE using precoding scheme for the purpose of UE feedback error check and network rank overriding. In addition, UE specific PMI information size can be varying according to the number of allocated RBs if the small PMI feedback granularity (e.g., 5RBs) is assumed. When it comes to downlink signalling, we can simply consider that the UE specific PMI and rank can be informed by using PDCCH (L1/L2 control channel) and the maximum number of PMI feedforward size can be reserved in the PDCCH for the sake of the blind decoding complexity. However, if we take the maximum size of PDCCH (i.e., 3 OFDM symbol) into account, it seems that PDCCH is not appropriate for informing PMI information to UE since it may waste a lot of resources in the PDCCH and lead to limiting maximum number of scheduled UE in a TTI, thus resulting in loss of multi-user scheduling gain. Keeping that in mind, dedicated signalling schemes [3]-[8] including dedicated pilot and dedicated control channel seems more appropriate to inform the PMI information to UE since it doesn’t increase control signalling information size in the PDCCH.
Therefore, in this contribution, we briefly review the general feature of the dedicated signalling schemes and evaluate the performance of dedicated signalling schemes according to the channel model and rank under the 2Tx SU-MIMO scenario.
2. Overview of Dedicated Signaling Schemes
2.1. Dedicated Pilot (RS) for Indicating PMI Information
In [1], the dedicated pilot (or RS) was proposed to directly signal the codebook weight vector/matrix to UEs. The key features of the downlink dedicated pilot can be summarized as follows;
· Some portion of common pilot symbols or data sub-carriers on the downlink shared channels is converted to the dedicated pilot symbols. 
· An increase in downlink signalling overhead due to the introduction of the dedicated pilot might occur.

· The dedicated pilot symbols can be used to directly estimate the equivalent channel in both E-UTRA FDD and TDD.
· The scheduled UE using precoding can detect the PMI from received signal and estimated channel through maximum likelihood detection [9].
· In the case of rank 1, since the dedicated pilot 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 especially for the 4Tx precoding.
2.2. Dedicated Control Channel for Indicating PMI Information

A portion of data sub-carriers within the allocated RBs for the scheduled 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.

· Dedicated control channel can be used in order to increase channel estimation performance after detecting PMI information.

· If we remove PMI sequence from the received signal, the remaining things can be the channel information for a specific transmit antenna.

3. Simulation Results
In this section, we evaluate the PMI detection performance of the dedicated signal and the dedicated pilot and compare their performance. In this simulation, we assume that UE reports error freely all available bands’ PMI and CQI with 5RBs and 1RBs frequency granularity, respectively. In addition, best one RB allocation in which dedicated signals are transmitted is considered as a scheduling scheme. Remaining simulation assumptions are described in the table 1.

Table 1. Simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz

	Subframe length
	1.0 ms

	Resource Allocation
	Localized Mode (one RB)

	Frequency granularity for PMI feedback
	5RBs

	Channel Models
	ITU-Ped A and 6-ray TU

	Mobile Speed (km/h)
	3 km/h

	Channel Estimation
	Perfect channel estimation

	Dedicated RS structure
	Described in [2]

	Used subcarriers for PMI transmission

(per one RB)
	4, 12 subcarriers for dedicated control channel => 4sc, 12sc

12 subcarriers for dedicated pilot => 12sc

	Modulation 
	QPSK 

	Channel Code for dedicated signaling
	Reed Muller(3,4) and repetition 

	PMI detection algorithm
	Maximum Likelihood [9]

	Transmit scheme for dedicated signaling
	2Tx SFBC

	Codebook scheme
	2Tx: working assumption [10]

	Antenna configuration
	2 transmitter and 2 receiver (2Tx, 2Rx)


In the figure 1, we compare the detection error probability (DEP) of the two dedicated signalling schemes for the rank-1 transmission according to the channel model and number of used subcarrier for dedicate signal. As shown in the figure, the dedicated control channel significantly outperforms the dedicated pilots in terms of DEP even using smaller number of subcarrier since the minimum Euclidean distance of dedicated control channel is larger than that of dedicated pilot when employing ML detector. The minimum Euclidian distance of Reed-Muller (3, 4) encoder for dedicated control channel is 2 and that of precoding weight for dedicated pilot is 0.5858 in our investigation and it is well known that the ML detection performance can be expected as a function of minimum Euclidian distance. Therefore, we can easily expect that the dedicated control channel can obtain higher PMI detection performance.
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Figure 1. Detection error probability of the rank-1 PMI using the dedicated control channel 
and the dedicated pilot according to the used subcarriers

In the figure 2, we also compare the detection error probability (DEP) of the two dedicated signalling schemes for the rank-2 transmission according to the channel model with 12 used subcarrier for dedicate signal. As shown in the figure, the dedicated control channel significantly outperforms the dedicated pilots in terms of DEP under the rank-2 transmission as well. In our investigation, the minimum Euclidian distance of Reed-Muller (3, 4) encoder is kept even for rank-2 case and that of precoding weight for the first vector and second vector are 0.5858 and 1, respectively.
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Figure 2. Detection error probability of the rank-2 PMI using the dedicated control channel 

and the dedicated pilot with 12 used subcarriers.
4. Conclusion
From the evaluation results, we can conclude as follows:

· Dedicated signalling schemes including dedicated pilots and dedicated control channel seem more appropriate for informing PMI to UE rather than PDCCH in order not to waste the resource of PDCCH due to reserved maximum size of PMI as mentioned in Section 1.
· Dedicated control channel significantly outperforms dedicated pilots without any additional used subcarriers irrespective of the rank under ideal channel estimation and 2Tx SU-MIMO scenarios.
· Enhancement of channel estimation performance by using dedicated signal schemes is FFS.
Therefore, we strongly recommend the use of dedicated signal for PMI indication in downlink in order not to waste resources in PDCCH and harm multi-user scheduling gain due to limitation of maximum number of scheduled UE in a TTI. In addition, we prefer to use dedicated control channel rather than dedicated pilot from the performance point of view.
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