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1. Introduction

In this paper, we introduce LGE’s preference on multiplexing methods of DL control signaling for E-UTRA under the current numerology assumptions. In section 2, a multiplexing method of DL control signaling for DL/UL data scheduling are introduced, and in section3, a multiplexing method of DL ACK/NACK signaling is introduced, which may be also applicable to DL signaling for UL power control.
2. DL control signaling for DL/UL scheduling
Proposals on Basic Principle
Regarding downlink control signaling for DL/UL data scheduling, we suggest the basic principles as follows.
( Separate coding between different UEs
It is already shown by several contributions [1][2] that per-UE link adaptation of DL control signaling can provide gain in overall system throughput over joint coding or group-wise joint coding even when considering reduced overhead by a joint coding. Therefore, we suggest a separate coding of DL control signaling between different UEs.
( TDM-oriented multiplexing in a TTI

Limiting the DL/UL scheduling will lead to a simple design of L1/L2 control signaling providing possible benefits in latency. Considering investigations provided by many companies [3]-[6], there seems to be no argument that TDM of control signaling doesn’t work, but it is a matter of flexibility on supportable coverage by trading off the supportable data rate. Therefore, we assume a TDM-oriented multiplexing as a basic multiplexing method for DL signaling of DL/UL scheduling.
( Supporting both signaling modes of f-diversity mode and f-selective scheduling mode

For some UEs in a cell, f-selective (frequency selective) scheduling of DL control signaling may provides benefits, but not for the other UEs. For example, Node B may transmit UL data scheduling command in DL even when it doesn’t have any information on DL channel quality. Also, DL signaling for High velocity UEs can be another example for which f-selective scheduling is not suitable. Therefore, we suggest supporting both f-diversity (frequency diversity) mode transmission and f-selective scheduling mode transmission for DL control signaling. It should be noted that per-UE link adaptation such as power control and MCS selection can still provide benefits even for f-diversity mode transmission by reflecting SINR variation averaged over whole bandwidth.
( Time-frequency resources not used by signaling are allocated to data transmission
Number of scheduling commands transmitted in DL may vary TTI by TTI, which means that the amount of time-frequency resources used for DL signaling may vary TTI by TTI. To prevent a waste of time-frequency resources, we suggest allocating time-frequency resources not used by signaling to the data transmission. That means actual available time-frequency resources for data transmission may also vary TTI by TTI.
( Multiple MCS’s are supported for link adaptation
To support per-UE link adaptation of control signaling, two methods may be thought of, that is, power control and MCS selection. We believe the both methods should be supported to efficiently utilize the limited time-frequency and power resources. Therefore, we suggest supporting multiple MCS’s for DL control signaling. 2~ 4 MCS’s may be enough for DL control signaling since information size of DL scheduling command will not vary within a big range and power control can work for the finer link adaptation. Anyhow, amount of time-frequency resources for DL control signaling will vary according to the selected MCS.
Proposed DL control signaling structure
Based on the suggested principles so far, we suggest a DL control signaling structure for DL/UL scheduling as follows.

( Support two signaling modes, which we call ‘distributed signaling’ and ‘localized signaling’.

· Distributed signaling mode
We suggest a distributed signaling mode as a basic transmission mode for DL/UL scheduling signaling. In distributed signaling mode, multiple scheduling commands are distributed by a subcarrier-level distributed manner over one OFDM symbol. From the first OFDM symbol in a TTI, several OFDM symbols can carry distributed signaling depending on the number of the distributed signals. Both DL and UL scheduling commands can be transmitted by distributed signaling.
· Localized signaling mode

In localized signaling mode, a scheduling command is transmitted within an RB carrying DL data. Therefore, localized signaling can be applied only for the UEs which downlink data are scheduled for. Since each localized signal has to be transmitted within one RB after the OFDM symbols used for distributed signaling in a TTI. 
( Broadcast Cat0 information

When only a part of an OFDM symbol is carrying distributed signals, the remaining part should be available for DL data transmission. For this purpose, UEs in a cell should know which parts of which OFDM symbols are used for distributed signal transmission. Therefore, we suggest Node B broadcasting a Cat0 signal which contains the number of distributed signals transmitted in a TTI. Then, actual subcarriers carrying distributed signals can be known by a predefined number-of-signals-to-subcarrier mapping rule. Cat0 information can be transmitted in the first OFDM symbol in a TTI by subcarrier-level distributed manner.

By this Cat0 signaling, a UE can get additional benefits of reduced decoding trial of distributed signals since  it can try decoding distributed signals which are ‘actually’ transmitted in a TTI rather than decoding all the possible positions of distributed signaling. On the other hand, for the localized signaling, a UE should try decoding over all the RBs within a TTI to decode possible localized signaling to that UE. To reduce the number of decoding trial, we may think of the following two methods.
Method 1. Pre-set the signaling mode for each UE
It doesn’t seem necessary switching between distributed signaling and localized signaling dynamically since the signaling mode will be mainly decided by semi-static UE environments such as UE velocity or long term path-loss, etc. Therefore, signaling mode for each UE can be indicated by higher layer signaling in a semi-static manner so that a UE doesn’t need to try decoding both distributed signaling and localized signaling at the same time.

Method 2. Relate a localized signaling to the DL CQI report of the corresponding UE

To further reduce the number of decoding trial of a UE, localized signaling to a UE can be limited to one or several RBs which the UE reported best channel quality for. In this case, a UE need to try decoding only those RB(s). If this method is applied with Method 1 at the same time, it would assign a certain limitation for the Node B scheduling. However, if Method 2 is applied alone, Node B scheduler can use distributed signaling when it is to transmit data through the RBs outside the RB(s) reported as best, so, no limitation on Node B scheduling operation occurs.
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Figure 1. Illustration of DL control signaling for DL/UL scheduling
( More details of Cat0 signaling for supporting multiple MCS’s
When assuming multiple MCS’s for signaling scheduling information, MCS applicable to each UE may be semi-statically fixed based on each UE’s environment, so that a UE only need to try decoding assuming it’s assigned MCS. Especially for distributed signaling, it is desirable to set the number of subcarriers used for DL signaling with different MCS’s as multiples of smallest one. With this setting, Node B broadcasts the total number of subcarriers used by distributed signals rather than the number of distributed signals. Then, UEs assigned different MCS’s may try decoding distributed signals as shown in Figure 2.
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Figure 2. Decoding trials of different MCS UEs
In addition, more modification to the Cat0 information can be considered to further reduce the number of decoding trials at UE side. That is, distributed signals are mapped to the distributed subcarriers in a predefined MCS order and Cat0 signaling carries information of the total number of subcarriers used for distributed signals of each MCS separately. Then a UE can try decoding only for the distributed signals corresponding to its assigned MCS as shown in Figure 3.
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Figure 3. Decoding trials of different MCS UEs with number of subcarriers used for each MCS known( Bit-map indication of RBs scheduled for DL data transmission
Regardless whether distributed signaling or localized signaling is used, each scheduling assignment for DL carries bit-map information which indicates RBs scheduled for DL data transmission. However, bit-map indication of each RB may require large amount of overheads especially when many UEs are scheduled by relatively small number of RBs within a TTI. With a current definition of DL PRB (12 subcarriers over 6/7 OFDM symbols), 96~100 PRBs exist within a TTI in case of 10 MHz system bandwidth, which requires 96~100 bits bit-map information for each DL scheduling assignment. To reduce the signaling overhead for DL scheduling, we suggest DL data transmission is scheduled based on a group of PRBs. More specifically, we suggest a PRB group consisting of 4 PRBs (24 subcarriers over 12/14 OFDM symbols within a group), which results in 24~25 bits bit-map information in case of 10 MHz system bandwidth. 

It should be noted that DL data transmission over one PRB should be still possible via group-scheduling or other persistent scheduling methods [7]-[10], but they are out of the scope of this contribution.
3. DL ACK/NACK signaling
DL ACK/NACK signals corresponding to the UL data transmission should be able to be transmitted independent from other DL transmissions. Moreover, sufficiently large number of ACK/NACK signals with a sufficient coverage should be supported within a TTI. For this purpose, we suggest reserving time-frequency area for ACK/NACK transmission within a TTI by a FDM manner, while multiple ACK/NACK signals are multiplexed by a CDM manner within the reserved time-frequency area. This multiplexing structure provides the following benefits.

· ACK/NACK coverage can be adjusted very flexibly by flexible power sharing between ACK/NACK and the other channels in frequency domain.
· Number of supportable ACK/NACK signals is quite larger than in pure FDM or pure TDM multiplexing.

· Variation of DL transmission power over the ACK/NACK transmission area can be reduced, which results in a reduced interference variation to the neighbour cell UEs.

If we assume 12x48 = 576 subcarriers are reserved for data transmission within a 10 MHz system bandwidth, remaining about 24 subcarriers can be used for ACK/NACK signaling. In this case, for long CP frames, about 288 (24 subcarriers x 12 OFDM symbols) chip length orthogonal sequences can be used, which results in maximum 576 ACK/NACK signals can be allocated in a TTI if we consider QPSK modulation.
However, a same ACK/NACK signal to a UE may have to span over multiple separate frequency bands to provide frequency diversity. Moreover, orthogonal sequences for ACK/NACK signaling may not be extended over 1 TTI to keep the orthogonal sequences within a coherence time. Considering those aspects, multiple separate frequency bands can be reserved for ACK/NACK transmission and an ACK/NACK signal for a UE may be repeated over those bands within a TTI. Figure 4 shows an example. In the figure, an ACK/NACK signal is repeated over two time-frequency areas among four separate time-frequency areas reserved within a TTI where each time-frequency area consists of 12 subcarriers over 6 OFDM symbols. In this case, the length of orthogonal sequences for ACK/NACK signaling is limited to 12x6=72 chips within one time-frequency area, but 288 ACK/NACK signals can be allocated in a TTI if we consider two frequency bands and QPSK modulation.
It should also be noted that the other control signals, e.g. power control command bit in DL may be multiplexed in a TTI by the same way with the suggested ACK/NACK multiplexing.
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Figure 4. ACK/NACK multiplexing with frequency diversity transmission
4. Conclusions
In this paper, a multiplexing method of DL control signaling for DL/UL scheduling and a multiplexing method of DL ACK/NACK signaling are presented. We propose to employ those methods as basic assumption in designing DL control signaling details.
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