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1. Introduction

Uplink control signaling can be grouped into the following categories
:

· Scheduling requests, i.e., control signaling transmitted by the UE to request resources for uplink data transmission. Scheduling requests are only transmitted when the UE does not have a valid scheduling grant. 

· Data-associated control signaling, e.g., hybrid ARQ redundancy version, transport format. This signaling is only transmitted in conjunction with (scheduled) uplink data.

· CQI, transmitted by the UE for the purpose of downlink scheduling and link adaptation. Transmission of CQI is independent of uplink data transmissions.

· ACK/NAK, related to downlink data transmissions. ACK/NAK transmission is independent of uplink data transmission.

Additionally, an uplink reference signal is required for coherent demodulation of the user data and control signaling. Furthermore, scheduling requests, ACK/NAK, and CQI should preferably be transmitted using as wide bandwidth as possible to benefit from frequency diversity. In total, five different cases can be distinguished:
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In the following sections, each of the categories in the bullet list above will be discussed separately and some possible multiplexing structures will be outlined.

2. Scheduling Request

The scheduling request is used to request uplink resources from the Node B scheduler. This signaling is only transmitted when the UE does not have a valid scheduling grant; more detailed inband scheduling information, e.g., in the form of a MAC header, can be used when the UE has a valid grant. As the Node B cannot know in advance which UE(s) that will request resources at a particular time instant, contention-based access is a natural choice. Only (slow) open loop power control can be used.

Note that the scheduling request is similar to the random access ‎[2] with one major exception – uplink time synchronization is present. Therefore, no large guard intervals to account for timing uncertainties are required. Based on the similarities between the two, a design similar to the random access is proposed for the scheduling request.

A small set of scrambling (signature) sequences used for scheduling requests only is used. A UE requesting uplink resources transmits its identity, scrambled with one of the sequences picked at random. Additionally, as the uplink is time-synchronized, distributed transmission can be considered to multiplex (groups of) users. The UE could randomly pick one of a small set of “combs” for distributed transmission in the uplink.

The duration of the scheduling request equals one subframe to maximize the processing gain (and consequently the possibility to suppress interference). A large processing gain may be needed as it must be possible to receive the scheduling request also from distant users, despite the presence of (strong) interference from high-speed data-transmitting users close to the base station.

At what time instants a UE is allowed to transmit a scheduling request can be made configurable. Thus, the system can either make the scheduling requests orthogonal to uplink data transmissions by restricting the requests to certain subframes only (possibly the same subframes used for random access); subframes that are avoided by the uplink scheduler. Alternatively, to reduce delay but at the cost of some interference, scheduling requests may overlap with uplink data transmissions.

3. Data-associated Control Signaling

Data-associated control signaling (hybrid ARQ information, transport format information, etc) is only transmitted together with user data. Hence, time-multiplexing of data and control is a logical choice. Preferably the first part of the subframe is used for data-associated control signaling in order to minimize delays. Note that the fraction of the 0.5 ms subframe duration used for control signaling has to be selected keeping coverage in mind. As an example, assuming 10 bits of data-associated control signaling (the same amount as in WCDMA enhanced uplink) transmitted in 1/10 of the subframe corresponds to 200 kbit/s, which is a fairly high data rate at the cell edge in large cells. Relying on retransmissions and soft combining also for control signaling as discussed for enhanced uplink can be used to handle this. Alternatively, multiple subframe formats with different amounts of the subframe devoted to control signaling can be envisioned.

4. CQI

Transmission of CQI is independent of uplink data transmissions, i.e., the user data transmission may or may not be present simultaneously as the CQI. The CQI consists of several bits, for HSDPA 5 bits were used. In order to convey also information about the frequency domain properties, a larger number of bits may be needed although the number of bits must be kept as small as possible in order not to cause too large overhead. Efficient schemes for CQI transmission are therefore important ‎[4]. Furthermore, the size of the CQI may depend on the antenna arrangements; MIMO and/or beamforming is likely to require additional bits compared to the single antenna case.

Coverage for CQI reporting can be solved in similar ways as for the data-associated control signaling. A simple approach, present already in HSDPA, is to repeat the same CQI information in several subsequent subframes.
As the CQI reporting instants are known to the Node B a priori, schemes where the CQI is orthogonal as well as non-orthogonal to other users’ data transmission could be considered.
5. ACK/NAK

ACK/NAK transmission is independent of uplink data transmission. Typically, only one or a few UEs signal ACK/NAK in the uplink at the same time as the number of simultaneously scheduled UEs in the downlink direction is relatively small. The ACK/NAK is a single bit (or possibly a “three-state bit”), but with strict error requirements (Pr{ACK|NAK}(10-3 and Pr{NAK|ACK}(10-2 were assumed for HSDPA). To provide a small roundtrip time, the ACK/NAK duration may need to be shorter than one subframe.

Similarly to the CQI, ACK/NAK is transmitted independently of uplink user data. Hence, similar aspects on the multiplexing of the control signaling within the UE apply. Furthermore, if the uplink resource used for AKC/NAK is (indirectly) given by the downlink scheduling commands, orthogonal multiple access for the ACK/NAKs could be envisioned.  
6. Overall Multiplexing and Multiple Access

To maintain the single-carrier structure, time multiplexing is proposed. Statically allocating parts of the subframe for each of the information fields is not preferable; the number of information bits in a subframe can be relatively small and it is therefore preferable to dynamically divide the subframe between the different pieces of information. One structure fulfilling this requirement is illustrated in Figure 1. If ACK/NAK is to be transmitted, a part of the subframe is used for this purpose
, otherwise it is used for user data. The CQI is inserted using the same approach. The rate matching functionality adjusts the number of coded data bits to make room for the ACK/NAK and CQI. Note that the data-associated control signaling and the reference signals are not affected by the insertion of CQI or ACK/NAK. Furthermore, if no concurrent data transmission (or scheduling request) is ongoing, the ACK/NAK and CQI are inserted in the same way. Finally, observe that CQI and ACK/NAK transmission occasions are known
 to the Node B, which therefore can process the received signal appropriately
The transmission bandwidth of the ACK/NAK and CQI is equal to the transmission bandwidth scheduled for data transmission (a larger bandwidth cannot be used as the bandwidth of the reference signals equals the scheduled bandwidth). If no concurrent data transmission occurs, the ACK/NAK and CQI is transmitted using a preconfigured bandwidth, preferably as large as possible to maximize the frequency diversity.

Separation of ACK/NAK and CQI from multiple users, if they occur at the same time, relies on UE-specific scrambling ‎[1] and the processing gain inherent in the coding of these quantities. This results in a simple structure which can handle a large range in the number of users.
The same basic approach is equally applicable to both FDD and TDD.
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Figure 1: Insertion of CQI and ACK/NAK in the uplink transmission stream. The same operation is used whenever ACK/NAK or CQI needs to be transmitted, regardless of the uplink transmission (user data, scheduling request, or DTX).
7. Conclusion
It is proposed to adopt the structure above for control signaling. If agreed, a text proposal for the TR will be prepared.
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� Random access, although a form of uplink control signaling, is not included in the list as it has a special structure to account for non-synchronized uplink transmissions. This paper focuses on control signaling transmitted when uplink time synchronization is present.


� In principle, both “control-first” and “control-last” multiplexing as described in � REF _Ref124673947 \r \h ��‎[3]� could be used.


� This is true unless a scheme where the UE autonomously transmit CQI whenever it detects a change in channel quality.
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