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1. Introduction
For LTE, the uplink data-non-associated control signaling is transmitted in different ways depending on whether the UE simultaneously transmits data or not. In case of simultaneous data transmission, the control signaling is multiplexed with the data and transmitted on the scheduled resources (left part of Figure 1), while in absence of data a reserved frequency region is used for transmission (right part of Figure 1). In the following, the case of data-non-associated control signaling without simultaneous data transmission is discussed further.
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Figure 1: Schematic illustration of the proposed structure for uplink control signaling.

2. 10 MHz UE in 20 MHz system

The ‘outer parts’ of the spectrum are reserved for control signaling in order to maximize the scheduling flexibility and data rates possible for other UEs. As long as the UE is capable of transmitting over the whole system bandwidth, this is straightforward to handle. However, the case of a 10 MHz UE in a 20 MHz system needs special attention. If the outer parts of the band as seen by the UE is allocated for control signaling, a 10 MHz UE will transmit part of its control signaling in the middle of the 20 MHz spectrum allocation as illustrated in Figure 2. The result is non-contiguous spectrum for data transmission, at least in subframes where an ACK/NAK (or CQI) is expected from 10 MHz UEs. Consequently, this would prohibit the possibility for high data rates for UEs capable of 20 MHz.

At least three solutions to this problem can be considered:

· Mandating all UEs to have 20 MHz transmission capability. This obviously implies that the problem described above disappears and is from a specification point-of-view the simplest solution.

· Scheduling to avoid the problem, i.e., the downlink and uplink schedulers interact such that uplink transmissions using more than 10 MHz do not coincide with the ACK/NAK due to a downlink transmission to another UE. Although possible, this limits the scheduling flexibility and complicates the scheduling process.
· Frequency hopping over 20 MHz, i.e., the 10 MHz UE performs hopping over 20 MHz to ensure that the control signaling is transmitted at the band edges as seen from the system. This requires some guard time for the UE to retune its transmission frequency, which reduces the duration of the uplink control signaling (one or several long blocks needed for retuning) and may impact the coverage and/or reliability of uplink control signaling. 
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Figure 2: 10 MHz UE in 20 MHz system.
3. Conclusion

It is proposed to agree on 20 MHz minimum UE transmission capability to solve the issue above.
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