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1. Introduction

Distributed transmission of the downlink shared data channel is effective in reducing the required received signal-to-interference plus noise power ratio (SINR) particularly in high mobility environments where channel-dependent scheduling cannot track the instantaneous fading variation. We think that distributed shared data channel transmission should also be applied to the persistently scheduled UEs since distributed transmission significantly reduces the number of control signaling bits required to indicate the radio resource assignment and CQI feedback [1]. To achieve distributed transmission in the downlink, we consider two approaches; sub-carrier-level distributed transmission [2] and resource block (RB)-level distributed transmission [3]-[7]. However, in [8], we showed that the RB-level distributed transmissions with ND-block division [9] achieve a much simpler multiplexing scheme between the localized and distributed RBs and a reduced control signaling overhead compared to the sub-carrier-level distributed transmissions while achieving almost the same throughput performance.
Therefore, in this paper, we propose a detailed RB-level-distributed transmission method with ND-block division that achieves dynamic assignment of distributed RBs with a low control signaling overhead.
2. Assumption for Downlink Distributed Transmission
This section describes our assumptions related to the proposed distributed transmission.

2.1. Dynamic assignment of distributed RBs

The number of UEs employing distributed transmission is changed according to the channel conditions and the number of persistent scheduled UEs (the number of UEs with periodically transmitted small payloads such as VoIP). Therefore, it is desirable to support the dynamic changing of the number of distributed RBs every TTI. We assume dynamic assignment of distributed RBs in this contribution.
2.2. Separate coding of downlink L1/L2 control information

As described in [10], we believe that separate coding of the downlink Cat. 1 L1/L2 control signaling information should be separately coded for each UE since the increased individual link adaptation gain such as that from transmission power control in separate coding compared to joint coding is greater than the negative factor of separate coding such as the increased total number of Cat. 1 L1/L2 control signaling bits and decreased channel coding gain. Therefore, in this paper, we propose a downlink distributed shared data channel transmission method appropriate for separate coding of the downlink L1/L2 control information.
3. Proposed RB-level Distributed Transmission Method and Corresponding Control Signaling Scheme
3.1. Mapping of distributed virtual RBs to physical RB using ND division

Principle of proposed RB-level distributed transmission method is as follows.
· In the proposed RB-level distributed transmission with ND-block division, the relationship between the index of the localized virtual RBs (L-VRBs) or distributed VRBs (D-VRBs) and its physical RB (PRB) is fixed irrespective of the number of VRBs used.
· Then, by informing the UE of the type of VRB (localized or distributed) and allocated VRB index, the UE can identify the position of the PRBs to be demodulated without the knowledge of the number of D-VRBs used. 
Figure 1 shows the relationship between L-VRB index and position of corresponding PRB. Figure 2 shows the example relationship between D-VRB index and position of corresponding PRB. Figure 2(a) assumes constant ND value for all D-VRBs (ND is the number of division of one PRB to generate D-VRBs). Meanwhile, Figure 2(b) assumes mixed ND value of 2 and 3. When we use constant ND value for all D-VRBs, we can achieve equal transmission quality for all D-VRBs. Meanwhile, when we use mixed ND value, we can generate any number of D-VRBs without causing unused symbols within the PRB used for the D-VRBs, although the transmission quality for all D-VRBs are different since frequency diversity is slightly improved by using larger ND value more than 2. The detailed mapping of D-VRB index and position of corresponding PRB is FFS.
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Figure 1 – Relationship between L-VRB index and position of corresponding PRB
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(a) Constant ND of 2
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(b) Mixed ND of 2 and 3
Figure 2 – Relationship between D-VRB index and position of corresponding PRB
3.2. Downlink L1/L2 control signaling information on RB assignment

As described in Section 3.1, in the proposed method, by informing the UE of the type of VRB (localized or distributed) and allocated VRB index, the UE can identify the position of the PRBs to be demodulated without the knowledge of the number of D-VRBs used.
Since the transmission method (localized or distributed) is determined using an infrequent control interval, higher layer signaling is used for the one-bit indicator of the assigned VRB type (localized or distributed). Therefore, proposed method does not need any additional control signaling overhead.
This feature is beneficial to achieve dynamic assignment of distributed RBs with separate coding of Cat. 1 L1/L2 control information. This is because all UEs do not need to be informed of the number of D-VRBs TTI-by-TTI.
To indicate the indices of the assigned L-VRBs for a UE employing localized transmission, the “bitmap approach” [11] is applied. Meanwhile, for indices of assigned L-VRBs for a UE employing distributed transmission, the “tree based approach” [12] is applied to reduce the number of bits.
4. Conclusion
In this paper, we proposed a detailed RB-level-distributed transmission method with ND-block division that achieves dynamic assignment of D-VRBs with small control signaling overhead assuming separate coding of Cat. 1 L1/L2 control information. In the proposed method, by applying a fixed relationship between the D-VRB index and corresponding PRB index irrespective of the number of D-VRBs, the number of D-VRBs does not need to be transmitted as L1/L2 control signaling information to identify the position of the PRBs to be demodulated at the UE.
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