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1. Introduction
In ‎[1], a structure for non-data-associated control signaling was proposed. This document discusses further details on the structure; details not included in ‎[1] in order to ease the understanding of the general structure.
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Figure 1: Schematic illustration of the proposed structure for uplink control signaling.

2. 10 MHz UE in 20 MHz system

As discussed in Error! Reference source not found., 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. 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 ‘hole’ in the middle of the 20 MHz band need to be reserved for control signaling, at least in subframes where an ACK/NAK (or CQI) is expected from 10 MHz UEs. This would prohibit the possibility for high data rates for UEs capable of 20 MHz. At least two solutions to this problem can be considered:

· Scheduling to avoid the problem, i.e., the downlinks scheduler avoids scheduling downlink transmissions such that an ACK/NAK needs to be sent when a UE is scheduled to use more than 10 MHz.

· 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, e.g, by not transmitting anything in the last long block of the two subframes used for control signaling.
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Figure 2: 10 MHz UE in 20 MHz system.
3. Simultaneous ACK/NAK and CQI

CQI and ACK/NAK may be transmitted simultaneously. In case of simultaneous data transmissions, TDM of ACK/NAK and CQI is one straightforward possibility.

In case of non-simultaneous data transmissi0on, i.e., CQI and ACK/NAK but no data is to be transmitted, care has to be taken if the single-carrier property is to be maintained. One alternative is time multiplexing, e.g., by using one subframe for ACK/NAK and one subframe for CQI. The drawback of this is the reduced duration of the ACK/NAK in case of simultaneous CQI transmission.

Another alternative is given in Figure 3. The CQI is coded into a number of bits and the ACK/NAK simply reverses the sign of the output of the coder. If only an ACK/NAK is to be transmitted, all zeros are input to the CQI coder. The signal transmitted is therefore similar to the left of the two signal constellations in Figure 3.

If a CQI is to be transmitted at the same time as the ACK/NAK, the signal constellation looks as illustrated to the right in the figure. The coder is preferably designed such that the distance between the two groups of signal points, the ACK points and the NAK points, is large. The distance between the points inside each group is likely to be smaller, but this is acceptable as the error requirements for the ACK/NAK are more stringent than those for the CQI.

The structure described above and illustrated in Figure 3 can be generalized and viewed as a code taking k1 ACK/NAK bits and k2 CQI bits as input to generate an n bit codeword. Furthermore, note that the NodeB knows when to expect CQI and ACK/NAK from the UE; knowledge which can be taken into account in the decoding process to improve performance.
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Figure 3: Transmission of CQI and ACK/NAK. 

4. TDD – number of ACK/NAKs

The same general structure as outlined above can be used for TDD as well as for FDD, thereby maintaining the commonality between the two duplex methods. One additional aspect with TDD is that an uplink time slot may not be available when the ACK/NAK would be transmitted in the FDD case. Obviously, the ACK/NAK has to be postponed until an uplink slot is available. Furthermore, several downlink transmission may have occurred, in which case several ACK/NAKs may have to be transmitted at the same time in the uplink. This is still possible with the structure in Figure 3, the only difference being that k1=1 in the FDD case, while k1 may be larger in the TDD case. One example of a code suitable for generating multiple ACK/NAK messages in the expurgated 2nd order Reed-Muller codes of length 64. For a single ACK/NAK bit, we have dmin=64, for 2–7 ACK/NAKs, dmin(32, and for 8–10 ACK/NAKs, dmin(16. 

5. MIMO – number of ACK/NAKs

MIMO may require multiple ACK/NAKs in case of multi-stream transmission. This is the same situation as discussed for TDD above and the same approach for encoding can be used.

6. Additional TDD aspects

In case of TDD, the interference level after a switch from DL to UL decreases gradually at a Node B as a result of the difference in propagation time from different cells. This is schematically illustrated in Figure 4. Depending on the network size and the UL-DL guard time used, the first part of the first uplink subframe after a switch may encounter an increased interference level. For data transmission, which uses hybrid ARQ, this is less of an issue than for control signaling. Therefore, it may be preferable to locate the control signaling not in the first long block only but in one or several later long blocks within the 1 ms subframe pair. 
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Figure 4: Interference in a TDD network.
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