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1. Introduction

In current TR 25.814, two schemes for data and control multiplexing in uplink are included [1]. Scheme (a) in TR 25.814 is that the data-associated and data-non-associated control signalings from multiple UEs are multiplexed in the frequency or/and code domains. Scheme (b) in TR 25.814 is that the data-non-associated control signaling can also be time-multiplexed with data if UE has UL data transmission, meanwhile, the data-non-associated control signaling for UEs that transmits only the L1/L2 control is multiplexed exclusively in a semi-statically assigned time-frequency region. In scheme (b), when a UE is scheduled to transmit the uplink data, there is only option that time-frequency resource for the control (including data-non-associated control) is re-allocated. In this contribution, we further discuss the scheme (a) on the re-allocation of the time-frequency resource for the data-non-associated control.
2. Transmission of data-non-associated control

The data-non-associated control signaling consists of ACK/NACK feedback and CQI which are required for downlink operation. In general, the transmission timing of the data-non-associated control for a UE is independent of the uplink data transmission for the UE. Therefore, the UE should know what time-frequency resource will be used. Let’s assume the localized FDMA (L-FDMA) for uplink data transmission for convenience. In case that a UE is not scheduled to transmit the uplink data, in both the scheme (a) and the scheme (b) in TR 25.814, the time-frequency resource for the data-non-associated control should be pre-determined. In case that UE is scheduled to transmit the uplink data, in the scheme (b), the time-frequency resource for the control is related to that of the uplink data. That is, the time-frequency resource for the data-non-associated control is multiplexed to that of the uplink data. However, in scheme (a), there exist two possible alternatives depending on relation between the time-frequency resources for the data-non-associated control and for the uplink data.
Alternative 1 is that the pre-determined time-frequency resource is used for the data-non-associated control when a UE transmits the data-non-associated control only, and the time-frequency resource for the uplink data is used for the data-non-associated control instead when UE is scheduled to transmit the uplink data [2]. When a UE is scheduled to transmit the data in a time-frequency resource, the resource may be the best one for the UE. Therefore, the power efficiency for detecting the data-non-associated control would be better. However, as shown in figure 1(a), since UE3 is already planned to use the time-frequency resource for its data-non-associated control, the data-non-associated control of UE1 may be transmitted in the time-frequency resource for the uplink data. This may result in throughput loss in uplink. The other possibility is to share the time-frequency resource with UE3 in time/frequency/code domain as shown in figure 1 (b). In Alternative 1, the reserved time-frequency resource for the UE1 (grey colored region) may be wasted if one of the other UEs doesn’t use it. It requires additional downlink signaling to use that resource in order to avoid the loss of the time-frequency resources.
In Alternative2, the time-frequency resource for the data-non-associated control is reserved regardless of time-frequency resource for the uplink data determined by uplink scheduling. Then the data-non-associated control can be transmitted by L-FDMA and distributed FDMA (D-FDMA) as shown in figure 2 (a) and figure 2(b), respectively. Compared with Alternative 1, there happens no inefficient usage of time-frequency resource. Additionally, when UE transmits the data-non-associated control only, UE can get more frequency diversity with D-FDMA. However, when UE transmits both the uplink data and the data-non-associated control, the detection performance of the data-non-associated control may be degraded because the scheduled time-frequency resource for that UE would be the best one. It needs further investigation.
3. Conclusions
In this contribution, we discuss further details of data and data-non-associated control in uplink focused on the scheme (a) in TR 25.814. Based on above discussion, Alternative 2 seems to have benefits in resource utilization.
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Figure 1. Data and the data-non-associated control multiplexing alternative 1. (a) The data-non-associated control is multiplexed in scheduled time-frequency resource for the uplink data. (b) The data-non-associated control is multiplexed with other UE’s data-non-associated control.
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Figure 2. Data and data-non-associated control multiplexing alternative 2. (a) The data-non-associated control is transmitted by L-FDMA. (b) The data-non-associated control is transmitted by D-FDMA.
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